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Experimental Study on the Phase-Contrast Imaging of the Living
Hippocampal Neuron Cells by Digital Holographic Microscopy
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Abstract In accordance with the need of observing and analyzing living cells, based on the pre-magnification off-
axis digital holographic theory, an inverted setup of pre-magnification off-axis image plane digital holographic
microscopy is designed and built. where the image plane of the microscope objective is coplanar with the recording
plane of the hologram. Therefore., the step of the numerical diffraction propagation by the computer is needless and
the numerical reconstruction is simplified. Meanwhile, the simple and fast surface fit method is applied to correct the
phase aberration. Furthermore, the actual resolution is measured by using the USAF resolution mask, which is
0.87 pm. Finally, the quantitative phase-contrast images of the living hippocampal neuron cells in the natural state
are achieved. From the experimental results. the structures of cells including the cell body and the dendrite are
observed. The basic parameters of the cell morphology are also obtained. The results show that the digital holography
is useful in the quantitative morphological detection of living cells and it provides a non-destructive phase-contrast
imaging approach for the cell morphological analysis in the field of the bio-medical research.
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Fig. 1 Schematic of the recording for the pre-magnification
off-axis image plane holography
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Fig. 2 Experimental configuration for the pre-magnification

off-axis image plane digital holography

e v LR IR A O SO 28 20 A WY B L
3 3 T DR AR A R B (BS) 5 A% 72 CCD 45 I 5 1hj
s ENEEOGCERY 9 pm 16LF R i
S5 AL S 22 U AR A0 T T 3R 1 A A7
FAE T 8 o AN S AR BORS i 1Y) 2 2% s IR0 B BRI A
RGO VR R . R e W IR & B RS
e, Z2H 52 ALY . 9 BS A
PHFT T S E SO — MR/ A T
FERY 5 BE 4 A (R 42 B ED 9 CCD SR 4, fir il CCD
FMHLIE E H 1280 pixel X 1024 pixel, 8 E K/NRF
4. 65 pm>X 4. 65 pm. CCD % MF Z K/t 1 i 4
SRS 0,233 pm X 0. 233 pm., SRS F A B
T SEETHSEHL AP 58 BORBCE B L 45 21 15 0 R b
AIAR L3 AT (s )+ BV AR A AR 5 52 5 B o 1o T
T P45 125 A T A S Wy 722 A 81 A A3 ey 7 5 AR 4 A I
14 TG G 2 1 BLAH LR
3.1 REHPHRNBNE

TE TR 28 iR T 07 42 BOt b, RGE 0 HE
R WA B CCD 1y S8t e . St bk
FH B SO B B (B AL AR (NAD Sy 0. 4. 25 Z % CCD

A R BRI U 2R S Y BEAR 20 RO
0. 6102
0 ="y = 0-8113 um. (14)

I 26 [ 25 4243 P M CUSAF) 15 Ry 145 9 1
HEAT S5, A H] CCD 7R 9 (A5 Th R 46 42 B L O fif
T M B o AR e (FFT) 3 8. 4 B K b
1024 pixel X 1024 pixel i 1F J5 TE X 38, W& 3 Ca) ff
7 A5 B 4 B RS 23 A an & 3 (b) B . RO
B A B ARG AR BB 3 o) BTR 1 4 B
MRS IR . R T S A A B R G SR
gy PR F B 3o iR ALAE R A TBOR R . B 3 (d) AT
/N LAY BB 3 BRSS9 A 2 L)L H
Xof I 14 S B 9 BE 0. 87 pm, R BIZ R GE ] DL g3 B
(/N T 5 B R 0. 87 pm AR BT BRI A3 PE R
X T A ORI BT A R USRS
TE P [ 0 B R FH BB 6 215 35 O 0, S 5 el
OGRS B TE A W 722 19 J7 5 SRR S R T OB TR Y
KL e R R LRI R AT R IR
A BE {5256 53 B 58 B 25 b 43 30 e T P fE
ETEIE Wl , CCD S50 > 14 5% Wi L B S 3 v O
O MR 75 5 TR 3R 3 B SE Bn 0 FE S3AN A] BB 8 42 ik B B
W R,

0909001-4



D¢ BH o 92 46

& BRI ¥ B DX 2 T3 A D A 2807 4 BRI AT AR S 98 T 5T

1.0
120 b
100 0.8

0.7
80 0.6
6 0.5

0.4
40 0.3

0.2
20 0.1

0

X 10712

DN

B 3 FEESESHRRALBER. (0 28K (D) SHEE; (o RIEHIG; (D B 30 P AaHESS 43 B El
Fig. 3 Experimental results of the USAF resolution mask. (a) Digital hologram; (b) spectrum of (a);

(¢) reconstructed amplitude image; (d) magnifying image of (c)
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after subtraction; (f) three-dimensional phase distribution
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Table 1 Basic parameters of cell morphology of the living hippocampal neuron cells

Number of pixels

Size of the corresponding object plane

Maximum axial optical thickness of cell structure in the marked area

A A,
63 pixel X 61 pixel 12 pixel
14.7 pmX14. 2 pm 2.80 pm
61.301 nm 7.112 nm

4 4k ®

o A 3 A N L R R R T —
205 2 UMOK B ol 1 T 50T 4 B B R S
CCD FER T 1 3R 4 4 B P 72 T30 HL oh 0k 77 951 1%
WS 4 T TR P 1 4 I 45 2l T
LA B IE 5 A W 78 6 4K ORS 8 1 5 %
BUE BT VR L LA R L 75 52 PR A
P T T TR R HERE . 9006 R SC I T TR E
S BRI T X 28 5T 40 M 19 e A A% T
AT UL L O 2 S 4 L3R4S T b e
W TH 75 1 L% 250 19 58 S R 5 1 I [ 28 7 40 M
F1 3% 3 % 02 1038 FE WL ) 4 T 41 5 A 1 2 )
SRR

5 F X M

1J W Goodman, R W Lawrence. Digital image formation from
electronically detected holograms[J]. Appl Phys Lett, 1967, 11
(3): 77—79.

2 A Faridian, D Hopp, G Pedrini, e al.. Nanoscale imaging using
deep ultraviolet digital holographic microscopy[J]. Opt Express,
2010, 18(13): 14159—14164.

3 WJ Qu, CQChoo, YJ Yu, e al.. Microlens characterization
by digital holographic microscopy with physical spherical phase
compensation[ J]. Appl Opt, 2010, 49(33); 6448— 6454,

4 WJ Qu, C Q Choo, L T Rongwei, et al.. Physical spherical
phase compensation in reflection digital holographic microscopy
[J]. Opt & Lasers in Eng, 2012, 50(4): 563—567.

5 ] Rosen, G Brooker. Non-scanning motionless fluorescence three-
dimensional holographic microscopy[J]. Nature Photon, 2008, 2
(3): 190—195.

6 B Javidi, E Tajahuerce. Three-dimensional object recognition by
use of digital holography[J]. Opt Lett, 2000, 25(9): 610—612.

7 E Cuche, F Bevilacqua, C Depeursinge. Digital holography for
quantitative phase-contrast imaging[J]. Opt Lett, 1999, 24(5) .
291—293.

8 K J Chalut, W J Brown, A Wax. Quantitative phase microscopy

with asynchronous digital holography[J]. Opt Express, 2007, 15
(6): 3047—3052.

9 Wang Huaying, Guo Zhongjia, Zhang Zhihui, et al.. Image-
plane digital holography for quantitative imaging of cells of
chinese medical decoction pieces[ J]. Chinese ] Lasers, 2012, 39
(2): 0209003.

T, S, kRS, FOEATREATEBARN AR
2 i i R B AR WFSE LT ] RO, 2012, 39(2) ¢ 0209003,

10 Zhao Jie, Wang Dayong, Li Yan, et al.. Experimental study on
the quantitative phase-contrast imaging of the biological samples
by digital holographic microscopy[J]. Chinese J Lasers, 2010, 37
(11): 2906 —2911.

BN, ERT. &M, FOBTF2 R BHORM AT A YR S
MR AR M 92 5 BF g8 (1] Wb E o6, 2010, 37 (11):
2906—2911.

11 Pan Feng, Xiao Wen, Liu Shuo. Digital holographic microscopy
for long-term quantitative phase-contrast imaging of living cells
[J]. Chinese J Lasers, 2011, 38(5): 0509001.

WO, H O SGoX) MR R TR LS A Y AN
874 B SO kL] P EEOE, 2011, 38(5): 0509001,

12 A Khmaladze, M K Kim, C M Lo. Phase imaging of cells by
simultaneous dual-wavelength reflection digital holography[]].
Opt Express, 2008, 16(15): 10900—10911.

13 B Rappaz, P Marquet, E Cuche, et al.. Measurement of the
integral refractive index and dynamic cell morphometry of living
cells with digital holographic microscopy[J]. Opt Express, 2005,
13(23): 9361 —9373.

14 P Marquet, B Rappaz. P ] Magistretti. Digital holographic
microscopy: a noninvasive contrast imaging technique allowing
quantitative visualization of living cells with subwavelength axial
accuracy[J]. Opt Lett, 2005, 30(5): 468—470.

15 F Charriere, N Pavillon, T Colomb, et al.. Living specimen
tomography by digital holographic microscopy: morphometry of
testate amoebal J]. Opt Express, 2006, 14(16): 7005—7013.

16 B Kemper, D Carl, ] Schnekenburger, er al.. Investigation of
living pancreas tumor cells by digital holographic microscopy[J].
J Biomed Opt, 2006, 11(3): 034005.

17 B Kemper. A Bauwens, A Vollmer, e al.. Label-free
quantitative cell division monitoring of endothelial cells by digital
holographic microscopy [ J]. ] Biomed Opt. 2010, 15 (3):
036009.

18 Man Jun. Some Neurobiological Changes in Rat Hippocampus
Induced by Six Weeks of Up-Graded Swimming and the

0909001-6



D¢ BH o 92 46

& BRI ¥ B DX 2 T3 A D A 2807 4 BRI AT AR S 98 T 5T

Mechanism of the Changes [ D ]. Beijing: Beijing Sport
University, 2002, 26 —40.

W NJRETKAS B O B T XA 2 A A A B 1 R e K
HALFE T (D], Jbat. JEaliR K%, 2002, 26— 40.

19 L E Jarrard, L P Luu, T L Davidson. A study of hippocampal
structure-function relations along the septo-temporal axis[]J ].
Hippocampus, 2012, 22(4): 680—692.

20Y Z Zhang, D Y Wang, Y X Wang, & al.. Automatic
compensation of total phase aberrations in digital holographic
biological imaging[J]. Chin Phys Lett, 2011, 28(11): 114209.

21 E Cuche, P Marquet, C Depeursinge. Simultaneous amplitude-
contrast and quantitative phase-contrast microscopy by numerical
reconstruction of Fresnel off-axis holograms [ J]. Appl Opt,
1999, 38(34): 6994—7001.

22 T Colomb, E Cuche, F Charriére, et al.. Automatic procedure
for aberration compensation in digital holographic microscopy and

applications to specimen shape compensation [ J]. Appl Opt,

2006, 45(5): 851—863.

23 ] W Goodman. Introduction to Fourier Optics (3rd Ed.)[ M].
Colorado: Roberts and Company Publishers, 2004. 108—114.
24 G Pedrini, S Schedin, H J Tiziani. Spatial filtering in digital
holographic microscopy [ J]. J Mod Opt, 2000, 47 (8):

1447 —1454.

25 J A Quiroga, E Bernabeu. Phase-unwrapping algorithm for noisy
phase-map processing [ J ]. Appl Opt, 1994, 33 (29);
6725—6731.

26 Zhang Yizhuo, Wang Dayong, Zhao Jie, et al.. Investigation on
phase unwrapping algorithms in digital holography [J]. Acta
Optica Sinica, 2009, 29(12). 3323—3327.
kAR, ERFE ., B 3. & OBCE AR b S AR AR Sk
WFFE1]. a4k, 2009, 29(12) . 3323—3327

27 D Kincaid, W Cheney. Numerical Analysis: Mathematics of
Scientific Computing[ M|. Providence: American Mathematical
Society, 2002.

EERE ATTH

0909001-7



