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摘要
研究 PC-12 類神經細胞的機械性質，有助於神經再生與細胞力學響應的瞭解。本研究應用原子力顯微鏡對細胞進行單點壓
印試驗以測試細胞的力學特性，在重複往返的壓深試驗中，發現 PC-12 細胞具有預處理的特性，實驗結果顯示至少需要六
次以上的反覆壓印，細胞才會達到預處理完的狀態，此特性會影響在測試細胞機械性質與細胞力學模型的建立。
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Introduction

The biomechanical properties of cells are useful
information for investigating the cellular behaviours
such as adhesion and growth. Quantifying such
mechanical characterization of cells can provide
essential data for modeling and clarifying the
mechanisms associated with the cellular responses.

Preconditioning phenomena is common in
biomaterials subjected to the repeated loading and
unloading. The mechanical response usually changes in
the first few cycles and then reaches a steady-state or so-
called preconditioned state. A large number of studies
on soft tissues such as ligaments [1], tendons [2], and
aortic valves [3], the biomechanical properties were
estimated under the preconditioned state.

In recent study, the preconditioning effect attracted
more attention on tissue level such as livers [4] and
tendons [5]. A viscoelastic model was considered to
describe the entire tissue response including the
preconditioning. But to our knowledge, there is no
corresponding research that investigates the viscoelastic
properties of cells by taking into account the
preconditioning effect.

Therefore, the main goal of the present study is to
explore the preconditioning behavior of PC-12 cells and
propose a new approach to estimate accurate and
consistent mechanical properties of living cells by using
the piezoactuator-based atomic force microscopy (AFM).

Experimentation

Rat adrenal pheochromocytoma cells (PC-12) found
by Greene and Tischler (1976) were used in the present
work. PC-12 cells were provided from National Health
Research Institutes of Taiwan and grown at 37℃, 5%
CO2 in RPMI 1640 medium supplemented with 10%
horse serum (HS) and 5% fetal bovine serum (FBS),
penicillin, streptomycin and sodium pyruvate. For
treatment with nerve growth factor (NGF), cells were
plated on poly-L-lysine-coated 35 mm cell culture dishes.
Medium and fresh NGF was replaced every 48 hours.

The mechanical properties of PC-12 cells were
probed by a bioscope AFM. Silicon nitride triangular
cantilevers with a nominal spring constant kc, of 0.03
N/m and a length of 220 μm were used to indent the 
cells. The tip of probe was a regular pyramid shape with
a nominal half cone angle α= 35°.

After the incubation, dishes with PC-12 cells were
removed from the incubator and placed under the AFM

on the x-y stage of the inverted microscope. Isolated
and well-spread cells were identified by using the optical
microscope and then the AFM probe was positioned
above the cell. The contact mode of AFM was used to
scan the profile of the whole cell, the nuclear region and
the height of nucleus could be identified from the
topography image. Then the AFM probe was moved to
the top of the nucleus and the repeated loading and
unloading test of 20 cycles with a rate of 300 nm/sec and
a maximum depth of 900 nm were performed.

The vertical displacement of the PZT Z(t) and
deflection of the AFM probe d(t) were measured to
derive the force and indentation depth curve. The force
response of cells was estimated by multiplying the
nominal stiffness of the probe (kc) and the deflection (d)
as,

)()( tdktF c  (1)
and the indentation depth was computed by,
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where is the inclination angle ofthe cantilever.
The Young’s modulus could be derived by Bilodeau 

model which was expressed as [6]:
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and a Poisson's ratio of 0.38 is utilized  [7].

Results and Discussion

Figure 1 showed the indentation depth history and
the corresponding force response of PC-12 cells under
the cyclic testing. The peak force of each cycle of
indentation was decreasing with the number of cycle and
reached a steady state. Figure 2 showed the force-
indentation depth curve reached steady-state after 6th
cycle. The Young’s moduli computed by using the
Bilodeau model were 45 kPa and 34 kPa for the first
cycle and the sixth cycle, respectively. The results
indicated the preconditioning of PC-12 cells did exist
and it is similar to that of soft tissues. Existing AFM
study on cell mechanics do not consider the
preconditioning effect and the measured mechanical
properties may vary widely. This phenomenon might be
due to the internal structure reorganization of the cell. In
a living cell, cytoskeleton such as actin and microtubule
networks would be adjusted to reflect the external
mechanical stimulation. The preconditioning behaviour
of the cell may be contributed from both the active and
passive response of the intracellular structure. For better



estimating of biomechanical properties of PC-12 cells, a
preconditioning of at least six cycles is suggested.
Currently based on the quasi-linear viscoelasticity, we
are developing a mechanical model of PC-12 cell which
can describe the preconditioning and steady-state
behaviours.
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Figure 1: The indentation depth history and force
response of a typical PC-12 cell under cyclic indentation.
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Figure 2: (a) The force-indentation curves of a PC-12
cell in first 7 cycles. (b) The peak values of force in 8
cycles.

Conclusions

The preconditioning of PC-12 cells has to be
considered when using AFM indentation to measure
their biomechanical properties. At least six cycles of
cyclic indentation have to be performed to reach the
preconditioned state.
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