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Observation of Dermal Collagen Fiber Distribution by Second-Harmonic-

Generation Microscopy

Masahiro IT0*, Takeshi YASUI*, Syuichirou FUKUSHIMA*, Tsutomu ARAKI*,
Toyonobu YAMASHITA** Naomi KUNIZAWA** and Motoji TAKAHASHI**

* Graduate School of Engineering Science, Osaka University, 1-3 Machikaneyama-cho, Toyo-
naka 560-8531
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Second-harmonic-generation (SHG) microscopy has been applied to observe collagen fiber struc-
ture in porcine dermis. Difference of collagen fiber structure among different sliced samples is
clearly visualized as high contrast SHG images using a sample-scanning SHG microscope based
on a transmission configuration. From comparison of the SHG images between the transmission
detection mode and reflection one, we have confirmed that the reflection-mode SHG imaging is
also applicable to observation of the collagen fiber structure in the porcine dermis. Furthermore,
we have employed a beam-scanning SHG microscope based on the reflection configuration for
optical-sectioning of dermal collagen fiber in thick porcine skin every 10-um depth and confirmed
that the collagen fiber structure in the dermis is spatially evolved along the depth direction.

Key words: second-harmonic-generation, collagen, femtosecond laser, dermis, skin, microscope

T C ® IC

th%%rhwéwk@W%twbnéﬁﬁi =354
« B % (dermis) « 7 FAHR% (subcutis) D=
InsohT, ERIFEGORD -
c KRGREOERCESBES L TBY, BT 5H

i),

92, <A 7 a i,
, MR RSN ETH B,
omt%&i:7 7 URE DR
TIXEEMEE DS,

BICEENTBY, EROEENE X UHEE
J%%ttfué o))
(dermal collagen) DS HEH S
5. Z I CHRIGHZZRL,
EERLIZ COEBEEEZOND Z

WHERYIE- D 2 5 — 7 v R BRI Gy
SRR TR R T 2 28,
VSRR EFHME T 2 FEEE LT,

mL (V¥ —y oy
ol as—7
FERABIHY, X RE

BBRRREY 2 b mESI LT
é.L@L,wfﬂ%@%%%ému@%%ﬂﬁiﬁf%

ZD XD ERICE
BEEIZHEANT 5D 2

BEEHS COMIRICH %% 2 723
&, BHECHUCHERCRE2AHPRET L Z LItk
R I BROBED S
37 =7V ORAEM S HESMEREN TV B,

X5

Lo, BRaAT -7 OB EE=Y —F 570 DEH
B AiRIE O T EEhTw» 5, @EIE, KE

*** E-mail: t-yasui @me.es.osaka-u.ac.jp

36 15 (2007)

FBEOZKHED ST, 277 YIRELEAOR
i E R 2 JEEAl 15 2 TR OFE R EEn B,

35 (35)



ZO XS BEREWH T AGEREEE T 5 0 £ DOFEN
KT —THTH S, FRCBT B RNRMEHTDH 2 NG
FEN T T a—F BHRNESTHY, ThETicb &
F & OB ERIENRE SN TWwS, Kae—1v
YANESZ 74— (OCT) TiF, ZEHELLOF»S 2
E—V Y RARRFT A ETHELNDOAZ I E— L VRS —
MRHET 2 C 82 X D15 S N BEELR BRI 2 © H
OWifEEE 2 I Hb 3 29, FilziE, 27— YFHlicE
LT, 27 =7 0OR7T 28R % mEEZE OCT
THiIE T 2 2 L&Y, KGEREZHAOICH?IRA S
TWw37, RETHESBEMGTHE T, SRS crRAR
el v —¥ - LT, HESRE2ZEAT 2
LY, ZRTOEMSERERER T 5. R, Z
D& BEM7 4 VY ) v THRIE, KEROLERGE LR
B U IR BORLRREE /N & WiR T BTG D A TTRE &
T 579, LEBELC KL ZEBRIZT O 0» ZRITTHEGRIY
BRTREICT 5, F2UT4H, TOGFHOCTEMEE 2 vz 4E
ABEIE BT 2 b IEFRICTb L TE Y, g,
BeeMlEo BRI EFAT 2 2 1 & 0 YL E TR
BT LHAADITONTWVLEY, TSRS, EARHB
SHROBERZAET 2 LW HTRTSATVRER, 2
DS a5 —7 ERO A2 USRI HIET 2 2 &
R TH > 7.

72 AN Q075 F) A —F—DE VAL —Y—
Herk MBI BN T2 &, KEHLa 7 -7 v anTFodk
MIPAHAERC X o C, ARV —¥—HKOFERE (Hdw»
F2REOREE) OXVE ZEF R AN (4 SHG
) L UTCHET 29, EEH S, ZOEAKSHG X
T —7 EREIEEMA) £ — N THIET A TR E L TEY
ThrIEwEHL, AR SHGHEH W TS £&E Lt
MHB D 2 7 — 7 VERAEEEICE T 2% R 1T o Tw
Bl EHEOSE, 37— Y RBEKOAICER
EEh (BERT0%), REB LUK THEBICIKIZEA
EEFhsnwI L wEHT 2 &, BHE a7 —7 Ol
WD B w2 RHRACH T 2 FB L LT, &K SHG AL E
ThirrEIONE, IhETIKY, £ SHG Y2
WIREE T 7 =7 v OFEEFHEY LI EEHETY 3 ERE S
NTWBH, HEaT7—7 > Ol S ElE 3% &
ACIEINTOR Y, 2 2 TARPSETIE, Baiehost
LCHEK A7 =7 » OF Ml R BEE S ARRIE 217 5 72 D TH
£ 3,

2. 4R SHG XEZRWI-ERZH
25— v OERMEEIZ R S F RPEE S ¥ A

36 (36)

Femtosecond pulse laser

Dermis diagnosis ) »
Specifically sensitive to

* Disease collagen structure

» Cosmetic .

- Burn Collagen SHG light
Non-contact

Non-destructive

BG light free

Across
' epidermis

Dermis |
(70 wt% collagen)|

Fig.1 In situ observation of dermal collagen fiber with
SHG imaging.
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Fig. 2 Experimental setup. AOM: acousto-optic modula-
tor, P: polarizer, A/4: quarter-wave plate, HS: harmonic
separator, GM: galvano mirror, L1, L2, L3, and L4: lenses,
OL: objective lens, CL: condenser lens, BPF1 and BPF2:
blue-pass filters, PMT1 and PM2: photomultiplier tubes.
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Fig.3 Microphotograph of HE-stained porcine dermis
(image size: 400 ymXx400 ym). (a) upper porcine dermis,
(b) lower porcine dermis. R: reticular dermis, P: papillary
dermis, E: epidermis, B: blood vessel.
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Fig.4 SHG images of sliced samples (image size: 400
umx400 xm). (a) mouse tendon, (b) papillary layer, (c)
upper reticular layer, (d) lower reticular layer in porcine
dermis.
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Fig.5 (a) Transmitted SHG image, (b) reflected SHG

image of porcine reticular dermis (image size: 200 ym X
200 gm).
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Fig. 6 Depth-resolved SHG images of porcine reticular
dermis at 10 xm-depth step (image size: 100 xm X100 zm).
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