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Base on the superhydrophobic-superhydrophilic micro-patterned template, a facile construction of gradient micro-

patterned octacalcium phosphate (OCP) coatings on titanium has been firstly developed for high-throughput evaluation of 

biocompatibility. The gradient OCP coatings with tunable crystal morphologies involving scattered-flower-like, scattered-

flower-ribbon-like, short-ribbon-like and long ribbon-like had been fabricated in different micro-units on the same surface. 

The significant difference of mineralization behaviour of the gradient OCP coatings in the micropatterns was observed 

visually and efficiently. The in vitro cultures of MC3T3-E1 cell showed that the number and morphology of cells selectively 

adhered on the micro-units of gradient structure of OCP coatings were distinctly different, indicating that the cell is 

sensitive to the different structures of OCP coatings on medical titanium. The gradient micro-patterned constructions is  

hopeful to be a powerful method for not only high-throughput screening the biocompatibility of various biomaterials, but 

also efficient development of advanced biomaterials by controlling cell immobilization and inducing cell response.

1. Introduction 

Surface chemistry, morphology and wettability play an 

important role in cell adhesion, proliferation and biological 

response
1-3

. Avoiding the disadvantages of conventional 

research methods, such as tedious process, consuming time, 

large amount of samples, cost and accidental error, 

micropatterned surface behaves an outstanding function in 

high-throughput investigation of the complex cell life 

behavior
4-11

. Superhydrophobicity with a water contact angle 

(CA) above 150° and superhydrophilicity with a CA below 5° 

are the two extreme cases of wettability and have attracted a 

great interest due to their importance in fundamental research 

and practical application
12, 13

. The differences of wettability 

can be used to engineer into the microtemplates with various 

sized micro-units of domains, which as a unique prospect of 

technique have been wildely applied in cell growth
14, 15

, fluid 

microchips
16

, microreactors
17, 18

, and sensor arrays
19

. Among 

various applications, the micropatterning of living cells is 

attracting more and more attention because it can be used in 

broad range of researchs such as bioassays
20, 21

, drugs
22

, tissue 

engineering
23

, and many fundamental studies of interaction 

between cells and materials
24-28

. Recent progress in 

micropatterning techniques has enabled the control of most of 

the crucial parameters of the cell microenvironment. Scopelliti 

et al. introduced novel methods for quantitative high-

throughput characterization of protein-surface interaction, 

and indicated that the adsorption of proteins depended closely 

on the surface nanostructure and the relevant morphological 

parameter regulating the protein adsorption was nanometric 

pore shape
29

. Ito et al. investigated cells on the photo-

immobilized protein micro-array and found that the adhesion 

behavior of cells relied on the kind of immobilized proteins and 

the kind of cells
30

.  Thomson et al. developed a method of 

controlling Schwann cell placement and orientation in vitro by 

using microlithographically patterned laminin substrates
31

. Ye 

et al. proved an effective technique in controlling the shape 

and spreading of cells by a poly micropattern, and the square-

shaped mouse osteoblast MC3T3-E1 cells were obtained in 

microwell arrays
7
. Tang et al. investigated both osteogenic and 

adipogenic differentiations of mesenchymal stem cells on a 

micropattern oil poly ethylene glycol (PEG) hydrogel, which 

was fairly linearly related to the extent of contact 

characterized by coordination number
32

. Shi et al. constructed 

a polydopamine (PDA)-coated parafilm with grooved 

micropatterns to induce the osteogenic differentiation of stem 

cells. They found that the adipose-derived mesenchymal stem 

cells cultured on the PDA-coated parafilm exhibited 

significantly higher osteogenic commitment in response to 

mechanical and spatial cues compared to the ones without 

stretch
33

. Yao et al. prepared an anion-exchangeable MgAl- 

layered double hydroxide (LDH) micropattern to act as both 

bioadhesive region for selective cell adhesion and nanocarrier 

for drug molecules to regulate cell behaviors
34

. Engineered 

micropatterns are able to provide a micrometer-scale, 3-
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dimensional and complex microenvironment for individual 

cells or for multi-cellular arrangements. The relationship of cell 

behaviors and micropatterned morphology, composition and 

structure can be detected and evaluated in a high-throughput 

way. 

    Titanium implants are extensively used for biomedical 

devices because of their favourable biocompatibility and 

mechanical properties, while osseointegration of them is 

limited since they are generally encapsulated by fibrous tissue 

after implantation
35-38

. Therefore, bioactive calcium phosphate 

(CaP) coatings or/and other chemical or biochemical 

modifications are frequently used to improve the bone 

integration properties
39

. Among them, octacalcium phosphate 

(OCP, Ca8H2(PO4)6·5H2O) is of particular interest in tissue 

mineralization biochemistry
40, 41

, since it has been reported to 

be a direct precursor phase during the biomineralization 

process of bone and teeth
42, 43

. Previous work of our group 

demonstrted that  a modification of thin OCP enhanced 

bioactivity of the roughened medical titainium44. Although OCP 

coatings with biocompatible structure becomes a hot field, 

very few researches forcusing on the relationship between 

different crystal morphologies of the OCP coatings with 

various micropatterns and their bioactivity have been 

reported
45, 46

. In this work, we emphasized to construct 

gradient OCP coatings with tunable crystal morphologies in 

various micropatterns on the same medical titanium surface to 

investigate the dependence of bioactivity and biocompatibility 

of OCP coatings on their crystal morphologies in a high-

throughput way. 

Plentiful methods of micropatterned surface have been 

developed, such as photolithography
47-50

, ink-jet printing
51

,  

soft lithograph
52-55

 and micro-contact printing
56-61

 . However, 

most of the conventional methods and new techniques can be 

only used for microfabrication on glass, silicon wafers or 

specific material, the materials chosen to be filled in the micro-

patterns are also specific such as proteins, polymers, hydrogel 

and drug molecules, and costly equipements and rigorous 

fabrication conditions are generally required for the 

micropatterned fabrication. A facile, tunable and cheap 

microfabrication technique which is able to gain the gradient 

micropatterns on various functional materials is urgently 

needed. TiO2 nanotube arrays films (TiO2 NTAs) fabricated by 

electrochemically anodizing has been widely studied in various 

applications, such as biomaterials
62, 63

, optoelectronics
64

, 

photocatalysts
65, 66

 and solar cells
67, 68

. Base on the precisely 

controllable ability of superhydrophilic-superhydrophobic 

properties on the TiO2 nanotube arrays films, by surface 

assempling and photocatalysis
69-77

, here we demonstrated a 

unique and advanced approach to fabricate gradient micro-

patterned OCP coatings with biocompatible structure on 

medical titanium, which can be efficient and powerful to study 

the biocompatibility and cell-material interaction. As a micro-

patterned material, the gradient micro-patterned OCP coatings 

has unique gradient function that can perform more effective 

high-throughput investigation for avoiding the disadvantages 

of conventional research methods, such as tedious process,  

Fig. 1  Schematic outline of the preparation of superhydrophilic- 

superhydrophobic micro-patterned template based on molecular 

self-assembly and photocatalytic lithography（ A） and then 

gradient OCP coatings on micro-patterned Ti substrate by pull-stop-

pull electrodeposition (B). 

 

consuming time, large amount of samples, cost and accidental 

error. 

2. Experimental 

2.1.  TiO2 micro-patterned templates. 

Firstly, the TiO2 NTAs was prepared by electrochemically 

anodizing on titanium sheets (purity 99.5%) in 0.5wt.% HF 

electrolyte with Pt counter electrode under 20V for 20min. 

Then the molecular assembling was conducted on the TiO2 

NTAs in a methanolic solution with 1% vol. 1H, 2H, 3H, 4H- 

perfluorooctyl-triethoxysilane (PETS, Degussa) for 1 h and then 

heated at 140℃ for 1 h to form a superhydrophobic film. 

Then, the sample surface was exposed to ultraviolet irradiation 

through a photomask with various sizes of micro-patterns for a 

decent period of time to selectively cleave the flouroalkyl 

chain. Finally, the TiO2 microtemplates with superhydrophobic-

superhydrophilic patterns were prepared
78

. 

 

2.2.  Gradient electro-depositing of OCP. 

The as-prepared superhydrophobic-superhydrophilic micro-

patterns were used as a template for electrodepositing OCP on 

the superhydrophilic units only in an aqueous electrolyte 

containing 0.042mol/L Ca(NO3)2 and 0.025mol/L NH4H2PO4 at 

pH 4.5 under galvanostatic mode to form OCP micro-patterns 

on titanium surface. And during the OCP electrodeposition, a 

pull-stop-pull method was used to control the sample to be 

moved out of the solution at a certain rate to enable gradient 

OCP coatings deposited on the different sized micro-patterns. 

 

2.3.  Simulated body fluid immersion test. 

Page 2 of 9Journal of Materials Chemistry B

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
B

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

The bioactivity of the as-prepared gradient micro-patterned 

OCP coatings was examined from the biominalization in 

simulated body fluid (SBF). The samples with gradient OCP 

micro-patterns were immersed into SBF, which mimiced the 

composition of the inorganic part of human blood plasma. The 

SBF was prepared based on Kokubo’s formulation by dissolving 

8.035/L NaCl, 0.225g/L KCl, 0.355g/L NaHCO3, 0.311g/L 

MgCl2·6H2O , 0.292g/L CaCl2 and 0.231g/L KH2PO4·3H2O and 

0.072g/L Na2SO4 into double distilled water buffered with tris-

hydroxymethyl aminomethane to ph=7.3 at 37℃，and NaN3 

was added to inhibit the growth of bacteria. The samples were 

exposed to SBF under static conditions for 3 days for 

evaluating the transformation of OCP to hydroxyapatite (HA). 

The samples were thoroughly rinsed with double distilled 

water after immersion, and then air-dried for further 

examinations. 

 

2.4.  Surface characterization. 

The surface morphologies and chemical compositions of the 

gradient micro-patterned OCP coatings and its mineralization 

products were characterized by a field emission scanning 

electron microscope (FE-SEM, Hitachi S4800, Japan) equipped 

with energy-dispersive X-ray spectroscopy (EDS, Inca system, 

Oxford Instruments, UK) and electron probe micro-analyzer 

(EPMA, JXA 8100, JEOL, Japan). The crystalline phases of the 

samples were identified by X-ray diffractometer (XRD, Rigaku 

Ultima IV, Japan) with Cu-Ka radiation source at 35 kV and 15 

mA. Three-dimensional profile images on surface were 

measured using a 3D Optical Surface Metrology System (DCM 

3D, Leica Microsystems, Germany). 

 

2.5.  Cell culture. 

Mouse MC3T3-E1 preosteoblastic cells were used for all 

biological assays. The MC3T3-E1 cells were cultured in the 

medium contained alpha-minimum essential medium(α-MEM) 

supplemented with 10% FBS, 100 units/mL penicillin, and 100 

μg/mL streptomycin and maintained under a humidified 

atmosphere with 5% CO2 at 37 °C. The cells were detached 

from the culture dish when 90% confluented with 0.25% 

trypsin, centrifuged at 1000 rpm for 5 min, and resuspended in 

fresh culture medium. Four groups of samples (gradient micro-

patterned OCP coatings, circle with diameter 100 μm and gap 

length 100μm) were sterilized by soaking in 75% alcohol for 1 

h, air-dried and wetted with phosphate buffer saline (PBS). 

Then the samples were placed into a 6-well plate and seeded 

with cells at a density of 5 × 10
4
 cells/cm

2
.  

 

2.6.  Cell adhesion and morphology. 

After incubating for 6 h and 24 h, all groups of the samples 

were rinsed with PBS to remove the nonadherent cells.  

    The group 1 of cells were stained by 3,6-bis (dimethylamino) 

acridine zinc chloride hydrochloride (Acridine Orange, Sigma, 

USA) and photographed under a fluorescence microscope 

(Nikon Ti–U, Japan).  

The group 2 of cells were fixed with 4% paraformaldehyde 

(PFA) for 2 h, stained by 4′-6′-diamidino-2-phenylindole 

(DAPI, Sigma, USA), then photographed under a fluorescence 

microscope and counted. All of the data were collected from 

at least three samples for each group and expressed as mean 

values ±standard deviations. A value of p< 0.05 was considered 

to be statistically significant.  

    The group 3 of cells were fixed with 2.5% glutaraldehyde for 

20 min, stained with Phalloidin-Tetramethylrhodamine B 

isothiocyanate (Phalloidin-TRITC, Sigma, USA) at room 

temperature in darkness for 1 h and further stained with DAPI 

for 5 min, then photographed under a laser confocal 

fluorescence microscopy (LSCFM, TCS SP5, Leica Microsystems, 

Germany). 

    The group 4 of cells were fixed with 2.5% glutaraldehyde for 

2h, and dehydrated in graded concentrations of ethanol (30, 

50, 70, 90, and 100%). Afterward, the samples were dried in a 

freeze-dryer (Eyela FDU-1200, Tokyo Rikakikai, Japan), 

sputtered with a thin platinum layer, and then examined by 

SEM observations. 

3. Results and discussion 

3.1.  Fabrication of gradient micro-patterned OCP. 

The fabrication of the superhydrophobic-superhydrophilic 

micro-patterns on TiO2 NTAs films using photocatalytic 

lithography is shown in the schematic outline in Fig 1 (A). A 

facile method was designd to fabricate gradient micro-

patterned OCP coatings with biocompatible structure on 

medical titanium. Because of the extrame difference of 

wettability between the micro-units and their the gaps on the 

superhydrophobic-superhydrophilic micro-patterned template, 

the aqueous electrolyte contacted well and the OCP crystals 

were preferentially deposited on the superhydrophilic units,  

while the superhydrophilic locations with air trapped at the 

liquid/solid interface were prevent from the contact of 

electrolyte. Therefore, electrodeposition process can only take 

place in the superhydrophilic regions. Different deposition 

conditions such as deposition current density and deposition 

time can be controlled to fabricate gradient micro-patterned 

OCP coatings with various morphologies and other structured  

CaP as well. The patterns with different shape and size can be 

realized by using various designed photomasks.  

The fabrication procedure of gradient OCP coatings on the 

micro-patterned Ti substrate is schematically shown in Fig 1 

(B). The Ti sheets with superhydrophobic-superhydrophilic 

micro-patterned template were immersed in the aqueous 

electrolyte containing 0.042mol/L Ca(NO3)2 and 0.025mol/L 

NH4H2PO4 at pH 4.5. And a galvanostatic mode of 0.5mA/cm
2
 

was supplied with Pt sheet as counter electrode to deposited 

OCP film in the micro-patterns on titanium surface for 1min. 

Then the sample was quickly pulled out from the solution for a 

distance of 2mm while keeping electrodeposition for another 

1min, then again the sample was quickly pulled out from the 

solution for  
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Fig. 2  SEM images of the gradient micro-patterned OCP coatings on 

superhydrophobic-superhydrophilic micro-patterned templates 

with different dimensions and structures on four samples(A,B,C,D): 

OCP-1 (1 min) ; OCP-2 (2 min) ; OCP-3 (3 min) ; OCP-4 (4 min) . 

Fig. 3  3D profile images of the gradient micro-patterned OCP 

coatings (A); Element distribution of the micro-patterned OCP 

coatings (B); XRD spectra of the gradient micro-patterned OCP 

coatings (C); EDS spectra of the bone-like apatite formed on the 

micro-patternd OCP coatings after soaking in SBF for 3 days (D); 

XRD spectra of the patterned OCP coatings and the micro-patterned 

OCP coatings after soaking in SBF for 3 days (E).  

 

another distance of 2mm while keeping electrodeposition 

for another 1min ……., By such multiple procedure of  pull-

stop-pull electrodepositing of OCP, the gradient micro-

patterned OCP coatings were obtained as shown in Fig 2, 

where the images of OCP-1, OCP-2, OCP-3 and OCP-4 indicated 

four locations of micro-patterned OCP on the same surface by 

electrodeposition for 1, 2, 3, 4 min respectively. Therefore, the 

nucleation and growth of OCP crystal can be controlled on the 

different locations on the same surface to finally form a 

gradient micro-patterned OCP coatings by adjusting of 

electrodepositing conditions such as depositing time and 

current density. 

 

3.2.  Strucure dependence of micro-patterned OCP on fabrication. 

The 3D profile images of the gradient micro-patterned OCP 

coatings are exhibited in Fig 3 (A). The typical topography of 

the micro-patterned OCP coatings with nano-structure was 

orderly and uniform in three dimensions. There was an 

obvious increase in the thickness of the OCP coatings from 

OCP-1 to OCP-4 because of the increasing deposition time.  

The EPMA images in Fig 3 (B) reflect the element 

distribution on micro-patterned OCP coatings visually. 

Elements of Ca and P (corresponded to OCP) showed 

significantly large amount in the superhydrophilic micro-units 

while F (corresponded to PTES) behaved the opposite. It 

indicated that almost removal and photodecomposition of 

fluoroalkyl chain took place in the micro-units under ultraviolet 

illumination, which led to the electrodeposition of OCP only at 

the superhydrophilic micro-units with distinct boundaries. 

    The XRD measurement shown in Fig 3 (C) confirms the 

presence of  OCP with characteristic diffraction line to (002) 

plane at 26°(JCPDS # 44-778), while other reflections were 

ascribed to the TiO2 /Ti substrate. As was seen in the spectra, 

the intensity of the (002) peak of OCP was enhanced with the 

increasing deposition time. The sharp diffraction peaks 

indicated a well developed crystalline structure and a 

preferred crystal orientation with respect to the c-axis 

perpendicular to substrate. The quantity of OCP crystal kept 

increasing with the increasing deposition time since the 

intensity of a XRD peak was proportional to the quantity of a 

substance theoretically, which was also obviously displayed in 

the 3D proflie images of the gradient micro-patterned OCP 

coatings. 

 

3.3.  Evaluation of mineralization ability. 

Fig.4 (A) shows the SEM images of the prepared gradient OCP 

coatings with different crystal morphologies changing from 

scattered-flower-like, scattered-flower-short-ribbon-like, 

short-ribbon-like, and long ribbon-like, due to the different 

time of electrodeposition. The test of SBF was adapted to 

evaluate the mineralization ability and in vitro bioactivity of 

OCP coatings with various morphologies in the same 

physiological conditions
79

. It was found that the different 

morphologies of OCP crystals behaved significantly different 

ability of mineralization for 3 days soaking in SBF solution, as 

shown in Fig 4 (B). The scattered-flower-like morphology of the 

OCP crystals (OCP-1) almostly maintained while very few of 

some new CaP precipitates were visible on the surface of the 

original morphology of the OCP crystals (OCP-1), and much 

more CaP precipitates were observed on the scattered-flower-

short-ribbon-like OCP crystals (OCP-2). Further more, the 

villus-like precipitates almost covered the short-ribbon-like 

and long-ribbon-like morphologies of the OCP crystals (OCP-3, 

OCP-4). The newly formed CaP layer on OCP coatings showed a 

similar morphology to that of natural bone. The EDS spectra of 

the CaP precipitates formed on the micro-patternd OCP 

coatings after incubation in SBF for 3 days was shown in Fig 3  
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Fig. 4  SEM images of the gradient micro-patterned OCP coatings 

with different dimensions and structures: morphologies with a 

higher magnifacation of corresponding images of sample A in Fig 2 

(A) ; CaP precipitates on the different locations of micro-patterned 

OCP coatings after soaking in SBF for 3 days(B). 

 

(D), indicating the presence of calcium and phosphorus as well 

as small amounts of sodium and magnesium. The Ca/P atomic 

ratio of the precipitates newly formed was 1.63, which was 

similar to that of HA phase. The XRD spectra of the micro-

patterned OCP coating after incubation in SBF for 3 days was 

shown in Fig 3 (E). After soaked in SBF for 3 days, the (002) 

reflection of OCP was still obtained and even dominant, 

indicating the crystal growth retained a preferred c-axis 

orientation during immersion in SBF. The mineral crystals in 

nature bone had a similar preferred orientation. Several gentle 

peaks appeared at 32-34°, which were consistent with the 

standard XRD peaks for HA (JCPDS # 9-432). It implied that, 

after soaked in SBF for 3 days, the main phase on the OCP 

coatings evolved from OCP toward an apatite phase and the 

orientation of the newly formed apatite resulted from the 

similar structure of the prepared coatings. The significantly 

different mineralization behaviour of the gradient OCP 

coatings was demonstrated visually in the micro-patterns on 

the same surface of sample, which was an advanced 

evaluation with high efficiency and may aviod from accidental 

error occured among different samples and surroundings at 

the same time. The ability and bioactivity of OCP-4 was 

relatively higher among the four, which proved that the 

surface composition, thickness and structure of the prepared 

coatings play a crucial role in the process of apatite formation 

in body environment
80

. 

 

3.4.  Assessment of cell responses. 

The fluorescence images of MC3T3-E1 cells cultured on the 

same gradient micro-patterned OCP coatings stained by 

Acridine Orange and DAPI respectively are shown in Fig 5 and 

Fig 6 (A), and the quantitative results of cell numbers are listed 

in Fig 6 (B). After 6 h incubation, MC3T3-E1 cells adhered 

almost onto the superhydrophilic micro-units and formed cell 

patterns on the OCP coatings, due to the different wettability 

between micro-units and gaps, and different biocompatibility 

of OCP micropatterns as well. Moreover, some important 

proteins involved in cellular adhesion and proliferation, such as 

fibronectin and vitronectin, which may preserve an active 

conformation on superhydrophilic regions rather than on  

Fig. 5  Fluorescence images of MC3T3-E1 cells cultured on the the 

gradient micro-patterned OCP coatings stained with Acridine 

Orange: 6h(A); 24h(B).  

Fig. 6  Fluorescence images of MC3T3-E1 cells cultured on the the 

gradient micro-patterned OCP coatings stained with DAPI after 

incubation for 6h and 24h (A); the quantitative results of cell 

numbers. Significance: *, p<0.05 (B).  

 

superhydrophobic surface
81, 82

. The number of cells adhered 

onto the gradient OCP coatings was markedly different 

depending on the structures of OCP deposited for different 

times, only 1-2 cells in one unit of OCP-1 electrodeposited for 

1 min, 2-3 cells in one unit of OCP-2 prepared for 2 min, 2-6 

cells in one unit of 3 min precipitated OCP-3, and 5-10 cells in 

one unit of OCP-4 deposited for 4min. According to the 

quantitative analysis shown in Fig.6 (B), the cells number 

adhered on the micropatterned units increased with the OCP 

thickness (prepared for different times) after 6 h culture. After 

24 h incubation, the cells adhered onto the superhydrophilic 

micro-units of OCP were well-spread and began to proliferate. 

The number of cells adhered onto the different OCP coatings 

behaved different degree of the growth, which appeared to be  
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Fig. 7  Fluorescence images of MC3T3-E1 cells cultured on the the 

gradient micro-patterned OCP coatings cytoskeletal actin staining 

with Phalloidin-TRITC (green) and nuclei staining with DAPI (blue): 

6h(A); 24h(B). 

Fig. 8  SEM images of of MC3T3-E1 cells cultured on the the 

gradient micro- patterned OCP coatings: 6h(A); 24h(B). 

 

higher by 67% on OCP-1, 98% on OCP-2, 166% on OCP-3, and 

103% on OCP-4 respectively than that incubated for 6 h.  

Cell adhesion, spreading activity and mobilization of cells 

attached on the different OCP units after 6 h and 24 h of 

incubation are assayed by staining with TRITC and DAPI to 

visualize the F-actin and nuclei respectively
83, 84

. The results are 

shown in Fig 7, while Fig 8 provides cell morphologies by SEM 

observations. It is indicated that the spreading of cells was 

remarkably regulated by the different OCP coatings during the 

6 h incubation, The cells adhered with a sphere or fusiform 

shape onto the micro-units of OCP-1, less bioactive because of 

too thin for OCP coatings. And the cells spreaded out with a 

fusiform shape on OCP-2, a small amount of filopodia was 

stretched out. In contrast, the cells on the OCP-3 micro-units 

displayed a polygonal shape, while cells on OCP-4 spreaded 

much better with a polygonal shape and prominent filopodia 

and lamellipodia protrusions
85, 86

. The expression of F-actin on 

OCP-4 was significantly better than that on OCP-1, OCP-2 and 

OCP-3. After 24 h incubation, most cells were well-spreaded 

and began to proliferate, with a long fusiform shape on the 

micro-units with OCP-1 and with an polygonal shape on the 

OCP-2, most cell body on the micro-units and a little 

prominent filopodia on the superhydrophobic gaps. Apart 

from the difference in the number of cells adhered onto the 

different OCP coatings, the spread of cells behaved remarkably 

different, implying that the different bioactivity was closely 

depended on the structures of OCP coatings in the micro-units. 

Cells spreaded out crowdedly and actively on the micro-units 

with OCP-3 and much more obviously on OCP-4 with extense 

polygonal shape and a large amount of prominent filopodia 

and lamellipodia protrusions, cell podia bridging over in the 

single micro-units and among different micro-units. A few cells 

adhered onto the superhydrophobic gaps with low viabiliy 

because of the space limitation. The expression of F-actin on 

OCP-2, OCP-3 and OCP-4 was better than that on OCP-1. 

Mobilization of cells can be indicated in the fluorescence and 

SEM images,too. Toward OCP micro-units with gradient 

coatings, cells tended to adhere to the border of the micro-

units in the initial adhesion and spreaded out to the inner part 

of the micro-units until the units were fully occupied and then 

had to spread out of the micro-units. 

During the initial adhesion, the coatings of OCP-4 behaved 

the best bioactivity with most cell adhesion and active cell 

spreading. It was found, after incubation for 24 hours, that the 

coatings of OCP-3 was able to modulate the cells to be more 

stereoscopic with the fastest proliferation, indicating a more 

superior of bioactivity comparing with OCP coating in micro-

units. As a result, the composition, thickness and structure of 

the OCP coating play a crucial role in the adhesion, spreading, 

and proliferation of mouse MC3T3-E1 cells. 

All in vitro tests of MC3T3-E1 cell demonstrated that the 

cells showed  different number and morphology adhered on 

the different micro-units in which cells were effectively 

limited, indicating that the cells are of high sensitivity to the 

gradient structure of OCP coatings, and the gradient micro-

patterns of biomaterials can be as a powerful tool for not only 

high throughput evaluation of biocompatibility and bioactivity, 

but also highly efficient design and construction of various 

advanced biosurfaces. 

Conclusions 

In summary, we have successfully developed an approach for 

fabricating biocompatible gradient micro-patterned OCP 

coatings based on superhydrophobic-superhydrophilic micro-

patterned template. The patterned OCP coatings with different 

morphologies behaved significantly different ability of 

mineralization in SBF and bioactivity in the adhesion, spreading 

and proliferation of mouse MC3T3-E1 cells. The equipements 

we used in our approach are very simple and can be easily 

performanced in general laboratory conditions. In our 

approach, the substrate material can be titanium or other 

metallic materials, and various biomaterials such as calcium 

phosphate, proteins, antibacterial agents etc. can be deposited to 

the superhydrophilic-superhydrophobic micro-patterned 

templates by the wet chemical methods to fabricate functional 

gradient micro-patterned coatings. The gradient micro-
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patterned OCP coatings discribed in this manuscript was just an 

example of the construction of gradient micro-patterned 

coatings. Because titanium is a wildly-used biomaterials and 

also electrical conductor, electrochemical method can be used 

to deposit various biofilms on the superhydrophilic-

superhydrophobic micro-patterned templates in more accurate 

and controllable mode. It can become a facile and efficient 

technique for fabrication of various gradient and micro-

patterned functional materials by using the strategy of 

superhydrophobic-superhydrophilic micro-patterned template 

and pull-stop-pull approach. Meanwhile, the bioactive micro-

patterns with gradient coating is of an effective modulation for 

spatially control of dynamic cells attachment and proliferation, 

which is enable high throughput evaluation of the cell 

behaviors, interaction of cell and materials, and bioproperties 

in a single experiment. The development of gradient micro-

patterns is promising for not only high throughput evaluation 

of biocompatibility and bioactivity, but also highly efficient 

design and construction of various functional materials.  
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Graphical Abstract 

A facile construction of gradient micro-patterned OCP coatings on titanium was 

developed for  high-throughput screening of biocompatibility and bioactivity. 
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