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BHEE . SHEE O elastin (ZR8T 2 FEEEY, LM
W%

oIl

B RA L VIR L AR KNS SHTFEBO elastin ICF8T 3 EESEM, £E¥NHE4
Tof-. MY, THEL, EAMEES, TAM#S, BRI 4 BEcsld, BHE
BEESICHEMEEAE TS HECOY TERNEFEMBEAVTHELT L. 1
tNENDEAIICEH T 3 elastin EFELEREL /.

BRWED elastin (&, microfibril (CHRVYE F h/-EEZ0.8~1.0 ym OEEEMEE L
THE2h, (P BERFACEFETFIGEVEI KL TWE. THEBO elastin (&,
microfibril IZERVYEF A/-ERZ0.5~1.0 ym NDEEENH L L THESh, BN
RPRPNEDHNDH%, $HAEAICEFT 2 ERIBH LN, RWHOD elastin FHE
EFH7.6%, FHFEED elastin EHEEERITFEHT. 1%, BHTEH3.0%TH-7-.
AR T, WHEIB T elastin EHFEH K, collagen EFEHNIFWMEARICH Y, F /-
TR BB T elastin EHEHI EH - 7-. BEHEEOD elastin EHEIZOVTIE, wWih
DT b EREHBERLE L#I1.5~2. 0FDEER L, collagen EFETRIE/ TEMEE
~LZ.

HRE, FHEBO elastin O7 I /AR, BN, BINEL COEEHHAS
CHBIL TV (FRL 3 4 2 H25HA)

A Morphological and Biochemical Study of Elastin in the Human
Posterior Longitudinal Ligament and the Spinal Dura Mater

Hiroshi Nakagawa

A morphological and biochemical study of elastin in the posterior longitudinal
ligament and spinal dura mater collected from autopsy cadavers was performed. The
posterior longitudinal ligament was divided into four regions;namely the cervical
spinal, upper thoracic spinal, lower thoracic spinal and lumbar spinal regions and the
spinal dura mater was divided into eight regions; namely the above four regions on
both the ventral and dorsal sides. Observations were made using a transmitting
electron microscope. The elastin content was also determined for each respective
region.

Elastin in the posterior longitudinal ligament was observed as an unstructured
substance with a diameter ranging from 0.8~1.0 yum surrounded by microfibrils.
Most of it displayed an almost parallel arrangement in the craniocaudal direction.

JIIGERIASE BENE Department of Orthopedic Surgery, Kawasaki Medical School :
T701-01 BEHMEST7 577 Matsushima, Kurashiki, Okayama, 701-01 Japan
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Elastin in the spinal dura mater was observed as an unstructured substance with
a diameter ranging from 0.5~1.0 gm surrounded by microfibrils. In comparison with
the posterior longitudinal ligament, most of the elastin tended to be smaller in size,
something is not smaller in shape and a tendency was observed for its arrangement
to be multidirectional.

The elastin content of the posterior longitudinal ligament was 7.6% of the total
dry weight. The elastin content of the ventral side of the spinal dura mater was 7.1%
of the total dry weight and that of the dorsal side was 13.0%.

A comparison of the elastin content for each respective region showed that in the
posterior longitudinal ligament to be low in the cervical spinal region while the
collagen content tended to be high. The elastin content also showed a high level in
the lower thoracic spinal region.

In all regions of the dorsal side, the spinal dura mater displayed an elastin content
about 1.5~2.0 times that of the ventral side, and conversely, the collagen content
was low.

The elastin amino acid component of the posterior longitudinal ligament and the
spinal dura mater resembled that of other spinal ligaments, such as the yellow
ligament and the nuchal ligament. (Accepted on February 25, 1991) Kawasaki Igakkaishi

1991)
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Key Words (@ Posterior longitudinal ligament
® Elastin
L & I

RO E L TEERBERERZ D > T
LSRR, collagen % ERk4 & T 5 BEE
#E L elastin % ERST & T2 HITHRME L DB S
n, SE, 3R, E#A7ic XY elastin, collagen
DS, AR, SRR SRR L I EHNH
5NTW5.

elastin ¥, FHRZMENE, BRONIEZT5
7o ORI MR S B R, B2 Xk
BED fiiifg,? 7HRVARD REELSMHLT
3. BEEHFCH, EHRRED & XD LHRC
LEERS (pre-stress) 235 D HREE2EEMLS
FTWBE0WbILTBY, Ik elastin O
ERICX 2 EE 26N T3 .Y BEHEDS B
TEEE, EEBEICIE elastin 8% ST TEH
D, IOV TOEIEN, EREENITF
IIBUR S5 0~0 DRI b 5\ I3 REREEC
BE3 2H5R1X, FEHOWL 2 HFATIZIRY

® Spinal dura mater

Te b, R, BRI EC &
THEMN SR L TBY, ZoMAMIcE
U TS 0% <, EEIIFRNC b Bk
BnELIAThH5.

SEIZEE IBRHHE, BB O elastin D
&, Aratk, aB&Ex EEHEN, EEEN
REWRICOWTEREZMZ .

i e L UERREE

AEEMRTFHEC T, SER 48RRI DA i fig]
BARDOKERENRD 2 W ITBFEIR L D EASE
AL, clot disperser (Champion #1%Y) , cell
conditioner (Champion #:%4) % & 7% 2 EEHl
W3 0 2HEARANRS 7 (Conrac #8! PE-11%))
PRAWTCEAL, MMEB LS clot XBEELI-#E,
959% ethyl alcohol 7.6 2, 35% formalin 1.3
¢ , diethylene glycol 2.7¢ , phenol 1.3¢,
water 88 SR EEREFEAT A I LITED
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Table 1. The posterior longitudinal ligament was
divided into 4 regions. The spinal dura
mater was divided into 8 regions.

Posterior longitudinal ligament

1. Cervical region

2. Upper thoracic region

3. Lower thoracic region

4. Lumbar region
Spinal dura mater
Ventral side of cervical region
Ventral side of upper thoracic region
Ventral side of lower thoracic region
Ventral side of lumbar region
Dorsal side of cervical region
Dorsal side of upper thoracic region
. Dorsal side of lower thoracic region
. Dorsal side of lumbar region

O~ U W

B R R ALE DS HEAT S 7 R Bk 2 (E A L
Jz. ™ ®

R FRAR D SEMED S JEHE £ THES TR 21T\,
BB & BREREE 2 SR L 7. FEROYEHE,
BRERTH S b DO, Bitis, TR
BbH 2 WIXERE O K £ D S IR RIZAE
LOED 523 b DIKERIL 72,

1. HRESHER

TR OER I, 3R E 2K, L 16 &
DAL 7. ERALBIT OFHE % & 3 7 0 B
I, EAIMaRESS, TAIMIHESS, BEHEETD 4 HRAL
X DAL 7z (Table 1) . BRI IZSEMEST X
C RO, EALMHESR 1 ThafE kg,
TALRIHESS 1% Thotte R ¥, BEMEDR 13 Lo#E
PRI ALE 3 5 AR R BRI L 72 Al
X721%, 761%, 80 TH o7z,

ERFEREOER X, 3K 1E, L24) &
DEREL, ZNTHEMERR, LAIMHERS, TAL
FamR, BEMEERD 4 F00 L DR L 72, B
Wik, SEREERI CHMEMREE, AIMIHESRIE Thattt
{RER, TLBoHEER 1t ThoMefRER, MEMEITIX L,
MERERICAZE 3 2 BREEE 2 B8R L, £ Th
PREE E BENC B L TR S BEA R BRI L 12
(Table 1) . FH#hi69%, 77K, 80 TH o7z,

AL, BEEU%0.1M cacodylate buffer %0
%2 T pH 7.412 LU 7-2% glutaraldehyde 12 1. 50
RIEE L7-#, 1% osmium tetroxide 12T 1 K

BEEL, %0%7 Va3 —W Iz CIEREAKZTT
v» Epon 812128 L7z, A5 A4 7 2/ESIL,
ultramicrotome % V> CHEEE AN L CHElT
HB L OENEO > OBEY 2 FRL, &
By T =—) . 7T VBB RITo 7. Yy
U 7z80kHE, HIrsd H-50080% 88 B T B
PHWTEETKV  THEEZfTo /2.

2. elastin, collagen MAAL2EAIE

BMEEAX, 176 (B13fk, L4k L OE
BTz, SROLBICOME %S %5 Iz SaMESR, b
PSS, TOAIMRESS, BEMER O 4 SRALIC s
TEHOSIER B U 72, i 1329~94m%, iy
FERIXT8.6TH o 7z,

LRERERL, 14k (B6fk, &84k LV
BTz, SALBICOME S A5 I SaMEDS, b
RIMRERS, TORIMIHERR, BUEERICo T, Chz
& oI L BRI E 21T 8 B HFHL12
AR ZEE L 2. ERIX29~91%, FHEmiE
6.5 ChH-o7e.

(@) WEBREBOAE

B UTEARZ, BT CHI1I~2 mm? IHEBT L
721, polytron homogenizer % Fi\>& & 128 H#E
L 7z. ethanol - ether i & D ik, Bifig&4T-
724%, vacuum oven IZ A N50~60 °C T12MHsR]
P CRR SRR EEZHEL /2.

(b) elastin EBDBIE

REAECHZIE L TAEAR £ 0. 1IN NaOH % 8 ml
3 Oh02.95~98 *CIZfRIB & /- water bath ¥
TH0RIEHE L 721, 3,000 rpm T1043f, =
LY BE% 1TV supernatant Q2 EREL L 72, PR
MnSE - 1-HERE I 2 hFh3 ml 3 OEE A%
HEAL, 3,000 rpm T103ME, #=OOBEZITV
supernatant @ % $¥Et:, FE3 ml 370K
ZHEAL, 3,000 rpm TLOSME, #0408 %2 1T
> supernatant @FEEL L7z, o 2RI,
ethanol-ether & anhydrous ether TRi/Kk %2 1T
> 721, oven IZ AN105~110°CT 2 FFR#7 1%
¥, elastin FZEER 2 HE L 7z (Table 2) .?

(c) collagen EEDHIE

BEEX L 77 supernatant @, @, @#ELR T &
W ERERE IR A L /2. supernatant % H 1%,




50 N B % = 3% (BE17%& #1585 1991)
Table 2. Procedure for measurement of elastin collagenE &3, hydroxy-
Total dry weight ar}d elastin dry weight were determined using proline & iz 1 ] ?ﬁi 1,
the method of Lansing. J .
i f1#& & (2), factor 7.46
1. finely minced with scissors until the particle is about 1~2 mm? A ‘ N
2. dehydrate in 3 : 1 ethanol-ether 2 hours T & Woessner ik
3. centrifuge 3,000 rpm 10 minutes & Y mg ﬁu’cﬁ H L
4. extract with anhydrous ether 30 minutes . 10)
5. centrifuge 3,000 rpm 10 minutes 7z.
6. vacuum oven 50~60°C 12 hours (d) elastin, coliagen
7. total dry weight is measured gravimetrically ne
8. 0.1N NaOH 8 ml 95~98°C water bath 50 minutes EHENHEH
9. centrifuge 3,000 rpm residue 10 minutes supernatant @
10. wash twice with 3 ml of water CHPRER & eIaStm %
11. centrifuge 3,000 rpm residue 10 minutes  supernatant @, & REREB XU collagen EE
12. dehydrate in 3 : 1 ethanol-ether 2 hours . .
13. centrifuge 3,000 rpm 10 minutes DEEERD, ZhTho
14. extract with anhydrous ether 30 minutes AR O elastin & & =,
15. centrifuge 3,000 rpm 10 minutes o
16. transfer into weighing bottle of known weight collagen & H F 2 H I L
17. air dry 24 hours 7>
18. dried in an oven 110°C 2 hours g
19. elastin is measured gravimetrically R ERALBNE SEE % 3K
D, %h%%@iﬁﬁ@ elas-
, tin & H %X, col-
Table 3. Procedure for measurement of collagen
The determination of hydroxyproline was performed according toWoes- lagen BHEELL
sner’s method.’” The collagen equivalent of the soluble fraction was ex- 77, 2 BYEEH
ressed in milligrams, using the factor 7.46 to convert hydroxyproline to
; g i yeroxyp HLEE 21X Student
collagen.
TREZFW,
1. neutralization of supernatant @, @, ® : neutralization (1) B %A \\ﬁ
2. measurement of the quantity after the neutralization (1) BRFE 1% TEND
3. hydrolyzation with 10N HCL "
4. oven 130°C : 3 hours bLIARLEL
5. neutralization : neutralization (II) 7z.
6. measurement of the quantity after the neutralization (II) ( lastin &
7. chloramine T : 20 minutes e) elastin
8. HCIO, : 5 minutes 73 Be
9. p-dimethyl-aminobenzaldehyde : 20 minutes into the water bath 60°C
10. cooling in the water : 5 minutes h
11. measurement of absorbance at 557 nm with Gilford system 2600 BRI A5
12. determination of hydroxyproline ’
13. calculation of collagen B L b F—FE
DOYEMEES & 0 AR
PERELL , EHERE

A% E(1) 2 EE L 7-. %& supernatant 1 ml
BH 7 AEZANION HCl 1.5ml 20z %
L, oven 2 AH130°CT 3 B R %21T o748,
7T AERBE L, HWBEICE L TR, t
fEEQ)ZHE L 72, chloramine T, HCIO,,
p-dimethyl-aminobenzaldehyde % IE¥& i 2 €
F&fh X ¥ Gilford system 2600%{FHE L, EE
557 nm TIREE % #I%E L 72. Hydroxyproline
standard WOBILE £ DLLE 2RO ZEARD
hydroxyproline D& %17 7z (Table 3) .

B 1Rz D IR & EEl & 2 AR L
7z.

B X4k (B2, 2 LD 4E
K, BREHEER L S HEAREHEL 2. Fi ik
69~86%, FHIERHIZTI.IMMTH > 7. FHHL
JoREAR o, Hizk U 72 Lansing 32 2 FHw T
elastin OfH Z1T - 7.

HH X L7z elastin 126N HCL %0z & L
110°CT24RE I NER L, Ik 53 8 % 4T - 7212
HCl 2L, RS- elastin 27 3/ BH
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Fig. 1. Electron micrograph of a cross-section of
the posterior longitudinal ligament (stained
with lead citrate and phosphotungstic acid)
showing an elastin (E) and a collagen (C)
(X5,000)

Botate iz, 72 2 BAIE, HiIE®H
7 3 BEBSHEN (835-50E)) TITo k.

& 2

1. HESMEHER

(1) &Rt

collagen 73 dominant %% TH D, AL I
B F 5 Iz elastin BRE® SN2 (Fig. 1) . K
RS> D elastin 23HEWTHE T 13 ¥R (Fig. 2),
BFETREBC Rz (Fig. 3), elastin OE
% 130.8~1.0 um, collagen ® E % I
0.05~0.07um TZNETNEF|DRLL Db —
D SN2 & A YD elastin, collagen 23
HEEAFIIZZFETIGOWES 2L TEY, #Ex
® elastin ORI 12 M microfibril 2558
»ohiz (Fig. 2).

RO & AAEEWBIL T,
mhonkhroiz.

(2) HHEER

FEHI, i@ & b B¢ 81 [F Bk collagen 23
dominant S TH D, FIRCEIFEE ST
elastin 238® 57> (Figs. 4, 5).

HRI 73 collagen DE £ 120.05~0.07 xm,

G Ry et 1Y X

Fig. 2. Electron micrograph of a vertical-section
of the posterior longitudinal ligament
(stained with lead citrate and phospho-
tungstic acid) showing an elastin (E), a
collagen(C)and a microfibril (M) (x30,000)

Fig. 3.

Electron micrograph of a cross-section of
the posterior longitudinal ligament (stained
with lead citrate and phosphotungstic acid)
showing an elastin (E) and a collagen (C)
(% 20,000)

elastin OEFEIF0.5~1.0 um T, HHEEH L Ib
RPN D D DOBE D STz,

elastin, collagen OECFIS ML, HHEEH &
A WVHEEAAEODO AL S TEHMANICEYT % HE
‘HH Y (Fig. 6), HMEHRFEER, L O elas-
tin @ EF I 132 M microfibril 2338® 5
7= (Fig. 7).
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Fig. 4. Electron micrograph of a vertical- Fig. 5. Electron micrograph of a vertical-section
section of the ventral side of the of the dorsal side of the spinal dura mater
spinal dura mater (stained with lead (stained with lead citrate and phospho-
citrate and phosphotungstic acid) tungstic acid) showing an elastin (E), a
showing an elastin (E), a collagen collagen (C) and a microfibril (M) (X20,000)
(C) and a microfibril (M) :

(%20,000)

Fig. 6. Electron micrograph of a cross- Fig. 7. Electron micrograph of a vertical-section
section of the ventral side of the of the dorsal side of the spinal dura mater
spinal dura mater (stained with lead (stained with lead citrate and phospho-
citrate and phosphotungstic acid) tungstic acid) showing an elastin (E), a
showing an elastin (E), a collagen collagen(C) and a microfibril (M) (X 40,000)

(C) and a microfibril (M) (X20,000)

BRI & A & TiX, TERB2ERICEE & H R iEE 2. elastin, collagen DEHE
IZRD SN o Tz, F-EREEREE, 0L TR Delastin&Z B XL, EHT.6%T
XS HREVWIEIED SR T, o7z, AR D elastin &8 K 13, ML
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5.9%, LI MIHEERT. 9%, T g He 258.8%,
BEHEERT. 7% TH > 7. BMEEE D collagen &
BERIE, F62.5%TH Y, AN ITTHHESS
66.3%, L {f By #E #559.1%, T I Mg #E &5
61.8%, MEMEER62.3% TdH > 7z (Table 4) .

elastin B3I, FEHEIZ BV THIOIERAL &
B UEMEERLTB Y, B SEHES & Thile
HROMTIREREEZ (p<0.01) ’SFEH L.
collagen BH XX, FHIL THELZRLTEY,
T EHMETR & LA MaMEER OB THEEZE (p<
0.01) »S@BHoHNT-.

BRI O elastin & A 1%, B TFH
7.1%, BHHITFEHI3.0%TH > 12, EAIHIT
&, SEMEERIEMIT.0%, FEHEEREMIG5.6%, L
RS RERI7 .39, b7 fg #E S5 45 R112. 1%,
TRIMIHESRIERIT. 0%, TAIMaHESEHI11.0%,
PEHEERREMIT . 2%, BEMEIREHI13.2%Th - 1z
(Table 5) .

FER)TI3ERALA OBEZ TRICED shiz
o 72 H3, BHRITIEEEMEL T 3 AL L b
BIcEWE (p<0.01) 2MEonle. 72Tk
HESR & BEHEER DR 12 b B EZE (p<0.01) 233D
sz,

Table 4. Elastin and collagen content of the poste-
rior longitudinal ligament g/100g total dry
weight (mean+SD)

Elastin Collagen

Cervical region 5.9+2.6 | 66.3+7.3
Upper thoracic region 7.9%£2.6 | 59.1%£5.7
Lower thoracic region 8.8+2.2 | 61.8%+5.4
Lumbar region 7.7+£2.7 | 62.3+6.0
Total 7.6£2.7 | 62.5£6.6
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BERAL S L E R & ElE R L TARB L, »
THOEALT S B DS HHER & D #I1.5~2.0
BEULOBEERZRLTED, BEE (p<0.01)
DED SN Tz, BREFEEOD collagen §H X,
HREITH959.5%, HHITFE56.7% CTho7z.
BB AL B T Ik BE A I RS {8159.99%, S HME 55 15
56.8%, EAIMREERREMEISI.1%, EAIfkesRiy
156.4%, TAOLMIHEERREMISG .49, THIHIHESS
HHI59.3%, MEHEERIEMI59.7%, MBS )
54.3% TdH > 7z (Table 5) . FEHITIFERAIIC &
LEEIWD oo Tzh, HHITIE TR
B L B O THEZE (p<0.01) D o0
7z.

BEROLZ LA E BRI Z L TAB L, W»
FTHOEALTHEEOFHHHER & b PIEME %
RLTBY, BEHFTIIEEREZ (p<0.01) 23
»oiiz.

3. elastin @7 3 / EEHARK

RtER, TR elastin O 7 3 B
% Table 6 12753 . glycine 238 ED#130% %
{5 &, alanine, valine, proline 7t ¥ OIEMm M 7
S BOEIED% <, lysine, histidine 7 ¥ O
W7 2V BOEEBYRWENES L, Zhid
O, O HEE? 4 & OB - 8
PO ERL T,

desmosine, isodesmosine D&HZ T TR
$90.3% ThH -7z,

4. WROKIE

(1) BAEET O elastin 13, microfibril 12 Bt
DEE N7ER0.8~1.0 um DOMEEEYE & L

TEgash, HL0HE
B A BN IE IR ATICNE

Table 5. Elastin and collagen content of the spinal dura mater g/ 100g WERFI B LTz,
total dry weight (mean+SD) . o
i & 2R ITFED 5
Elastin Collagen o 7z

Ventral Dorsal Ventral Dorsal 2 ZTHHE i )]
Cervical region 7.041.9 | 15.6+3.5 | 59.946.6 | 56.8+3.9 elastin i, microfi-
Upper thoracic region | 7.3+1.9 | 12.143.1 | 59.1+4.4 | 56.4+3.5 bril Il Y EE L oE
Lower thora}cic region | 7.0+1.7 | 11.0£2.8 ‘ 59.4+3.8 | 59.3+3.3 0.5~1.0 um DOfEEFE
Lumbar region 7.2+2.6 | 13.2%£3.1 | 59.7%+6.3 | 54.3+4.4 M L L OB SR
Total 7.1£2.0 | 13.0£3.5 | 59.5+5.3 | 56.7+4.1 T N ’

RMEBR T L RN
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Table 6. Amino acid composition of elastin in the posterior longitudi-
nal ligament and the ventral and dorsal side of the spinal dura

CB17& H1S 1991

(5) BHREBERE D col-
lagen & H XX, EH

mater
TYH59.5%, HHEIT
' . PLL Ventral dura Dorsal dura SEHI56.7% T & o 7=
Aspartic acid 29,84+ 4.3 30.4%+5.5 22.8+3.6 RERICIXERAL R DS B
Threonine 15.4+ 0.9 15.5+2.9 12.3+1.8 e =
Serine 15.7+ 1.9 14.5+3.2 10.9+2.2 Ka;ﬁ%:%b;t::abén
Glutamic acid 51.1+ 5.7 54.5+4.3 50.343.7 o land, BREITIE
Al ML | M | ennyy  TUlEEREmO
anine .3=x10. 4=£8. A7 .
Valine 105.1+ 6.6 101.9+4.4 105.5+3.1 HTHEEE (p<0.01)
Methionine 7.2+ 1.1 9.940.8 10.2+1.2 DD STz, ZEAL
BIs04 | RIS BINT CLemmeRBEK
eucine P =iy O [ pung I8 e Jusl B .
Tyrosine 17.6+ 2.3 20.4+2.8 19.1+1.8 BLTHa2E, WTH
Phenylalanine 27.4% 0.5 27.4%+1.6 25.3+0.7 DAL T b EF DT
Lysine 8.6+ 1.3 9.4+1.4 7.5+1.1 X 1 Rl AT
Histidine 3.3+ 0.7 3.6+0.5 3.040.6 el )D e °
Arginine 16.2% 2.3 15.0+1.8 11.840.9 LTBY, BT
Hydroxyproline 30.6% 4.7 34.34+4.1 35.9+3.0 HEE (p<0.01) 2338
Proline 112.1+ 1.3 113.8+3.7 118.5+1.8 .
Desmosine 2.6+ 0.3 2.5+0.3 2.8%0.1 ,bl " R
Isodesmosine 2.9+ 0.2 3.140.2 3.4+0.1 (6) #MptEFEZ oV
— y — - - — WCEREEREEAS L O
Expressed as amino acid residues/1,000 total amino acid residues(mean+SD) B X 0 Hit U7 elas
BA Z -
tin 7 3 BRAHEICIZ
Db ON% L, HHENCEST 2 EAHED EERIFTD SN oo 1z, glycine BEEDOH

Sz, BRALE & U, BEHENC X 2 M8 138
ooz,

(3) 7HEENEE D elastin SERITFIT.6% T
Hote. EAIANZIE, BRSO L
BEERTEECH D, B & TARMEEE O
MCiEEE (p<0.01) BSEDH LN,

collagen &A RI3F4562.6% Co o7z, Gtk
Tz BT MO LEEERLTE D,
TR L B O C I EEZE (p<0.01)
@b oI,

(4) BBEERE O elastin &4 R M CF
7.1%, SEITEHZ.0%ThHo 7. BEHITIE,
EAAOEGERCERER D ShRd - 728,
BT IS T 3| LEE (p<
0.01) WCEWENE STz, %I TRLBIHEER &
[EHER OB TEEZ (p<0.01) @D 5N,
WO T b AR 0% .5~2. 0fF D
elastin @FLE2RL, HHENCLERORE
(p<0.01) 2§D,

30% % %, alanine, valine, proline 7% £ DFE
7 3 BOEIED% <, lysine, histidine 7
COmET I BOEIGSD R Tz, des-
mosine, isodesmosine DEEF XX, WINDHH
0.3%THo 7.

% o

B, BRI, &5 5 b RIAREE
& DT B B 5 6T 2 Lvb
nTEh, BEFNCFRCERCHKT 5%
ZBHNT W5, RN b ERMtEERE & B
R OHBHER » ORIZ, SEEEBRTHEEL T
VB2 L b TE D BRER, TR
AR b REIRC b EEESELH Y, WEE
g2 2 L 3EBRLEEZONS.

Cailliet’® 3&ERFEE L L TOB S EL T,
BTSN, BB E L LCEE, i
BEAYEIZE W EBRLTz. Steindler'®
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BREEOEMIIEICEME, Al ciTbhn,
(R ST, B CITbNS LIBT3,
7z Walls'™ i35 O E i id = S, LA
M, JEHETES Z D (B IITEME, EIMERRITERD
BEnETHLEL.

ZD&Si, BREOE X IR E ST THH,
LAkaME, hIfaME, BHCBWwTZEAThE
25 EEZON—T DI OBBE, T
BERE D) & B 5\ 13 S1HH] stress  ZNZThE
nHEEZOND.

Db Z Liroteiitiins, B REREE 2 SR,
FAIMGHEER, TAIRIHESS, BEMEERD 4 SA1c s
3T elastin D&, TTHME, SEEICD SR
L7z,

Cheng,'® {EBES V12 & % & ERERE I EEAI
TRESEHICH A IEVWELZY, ALrx
VT DREHEN & T & D el T AR oS E IS
IDEBECENWI L 2BRRTNS.

AR D Z & < EHREEE O EH] & BH8HE & o
RN IARHE DR & FEE LB ENC TR D &
b TBY, FHFEEOER & S O E
BRERPERL, BHEHERIIER & EFES T
T elastin DIFFEEIT- /2.

SEOWETESNIREE, AR,
EALFER, ERIFRCEET 3.

1. MEENER

FEMEARHE DS elastin & Z O B O microfibril
PO ENS Z LiX, HRAEFEESIC X
LBET, ZLOMRB R LI>THESh T
% .19~ elastin IIfREEME & L TBE S,
MRS DS BRI X o T elastin & micro-
fibril DEIEHRZ Y, LB EARME Tld mi-
crofibril EBWXFEELEBT L L HREBA TS
Ewvbi T3 .22 29 microfibril 1 elastin @
iRz B o 2 EEL00 A DM THY , &
LR IITREETH S . BAE microfibril 1345
EHEEZOMTEBY, BN TRIEET
elastin @ carrier & U Cf &, ffgs crEt
@ microfibril ¥ 72 - T elastin OFFHETE B EFR
CBUBREEME L CEELBERZEL TV
EHRIZNT WD 2 F 72 microfibril I elastin

CRE/BERLTELT,? MMEHEORH
EBERLEWNS ZERNPEINTVRD,

IR T 2B BT 5 elastin OFE @R
EFHEMEEIC L 2 REENIERIZ, BEOBH
U5 7- #iFH I3 EBIH, ) AR, 0 B
B COMEELADDHTH L. Ll
R X D B RERER & B U BT A TR
BITo1RE 3A SN EH, HHREKTOR
HEREFEHEOBHLUBHE CIIRY 500w, 4
E O T, EBMrhe I HRERE 26
L, %8s, TEREEO elastin, collagen
DBFBERT> 120, REREKICB T2
ETFEBSNVBE I IIYYIRM LD, L
LT, BRI T OPHEROR
R, FBCHREICHEY) 2 BERELE & 21Tb
nhig, B, SHEROETEMECO
BRSO TH L LWL, SEHD
WFETIE, BRIt & SEHEER > & FBAEDT %
THIBE USRI R 1T - 7o hs, BREI0912 130
HITHERIIRAEAR & AR AR TR IS L, M
ER T I BERERRF & MEfR & ORI HEARER IR DS
HEUMHEEE OFREEIZHTH 220 Lvubh TH
b, BEMMRE T O AT IEETDH >
7z, TOI:OARIOHE T, BRHE IO
TIIMEAER & D BRER L AR D 12 D v THIZE
B2iTo7z.

BHEHE O elastin 13, & GOWEPEBER
K& microfibril I2E Y B 7 EE0.8~1.0 um
OFBEYE L LTHESh, $LHEBAA
WIZIRFTIEVES 2R L Tz, KERS D
elastin 25, #EWTHE CTIXEHEEE, MITE CIZAR
1R 2 ZR TN TR 5 A FARR ofEsE 2
BLTWS EEZ iz, B2 13BN
HE, MRS CER{EEARIETL, #HE
HRESCIEIA <, FRRERIEER MIEIT LT
VWAL, WEIGIC IR - 7o 5 R H U SERR %
ELTHOTHIETL TS O Z0X5k
Bk G 2 L TWa 70, MRS D A DT
AR>S FEERT 22 L BRSE#2
sz,

HRERFRL D elastin 13, BHEHHO elastin [[]
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£ microfibril 12H D B & 72EE0.5~1.0 pm
DEREYE & LB h, B & Hg
LRR/NEIDY D% FD STz, elastin,
collagen OECFH ML, HAEEE B VEE
FHEDHA% S TEHRAICET T 2 @[3 H > 7.
=TT RO T ARSI L
TwieEzo6NnTz.
2. E{bpmER

elastin IZZEARPICIA S T 2 RRMEEEEE
ThABREEDI2D collagen 12U, ZD4&
(LRI L BTz, elastin O
Hikix, 19414F Lowry 532 X D EE3hizb
DOBEYTL% Lansing 59 @ hot  alkali ¥,
Partridge 53 @ autoclave %12 & Y collagen
2¥ I F LU THRY KL Ak, Miller 539 D
guanidine & collagenase % i\ 7 ks E05%
EEINTWBEY, PEEEAOMEZHET 5
Z L iImS THREET, W 7AC standard 2
BRRWEZERTwRY, SEOPRTRRET
AL HAWwS N TV 5 Lansing 59 12 £ % hot
alkali #:12 & D elastin D ETo 7.

elastin &8 EHKME LB E LTix, H
B (74.8%) , BEEHE (46.7%), KEIIRY
(28~30%) s EBME SN T WD, ZOf, ff
Ja2» 39 (3~7%), 7%V ARD (4.4%), HEH
o (1.7%), KRE? (0.6%) O elastin &FHE
DBEE I N TV B, BitE, THERED
elastin §E X T 2 HE IEZFOBMLE
HHTITRY ok, SHEIOMFEFERICEL S
L, BHEEIE O elastin &6 EIXFNT.6%,
BRI Delasting A R IFFERITHIHIT.1%,
HHITEHIB. 0% TH > 2. i bEEFE
PEOWME L VERTHo 72, THFLVARL
HR2EERERLTEY DR L L LITEEE
OEAMRIEL TS EEZ S5l BN
VISEHEER DM I DEBALICEL L elastin &
BRMBE L, TSR D elastin EHEHBH
BRI A S Tz, RIS B > TIARNRY
CEHES TSI Z L L, TR T
BAMICEBDO TRV RIS,

— M HERE D elastin SERITFFEHICHLE

B ®1S 1991

ATIWA L, collagen &7 K 3N 2 &M
Wb 23O b T3, SEIOFZE TR
A5 sample ZEE L 7272 DEROIHEIFI ST
B (KI80%H70mLILE), s & elastin, col-
lagen & EXROBMRIITHTH - /2.

elastin ® 7 & . BB IZ D\ TIX1938% D
Stein 5312 & BMEDRAIT, LAERRE < OFERR
elastin D7 3 VBHESHRE SN TWE . — %
IZ elastin D7 &/ EHBKIIERE, BERICE->T
Y OMERIRD OGNS DO RIREKRT
glycine 7% & {& @ #130% % 5§ ®, alanine,
valine, proline % ¥ OFEMM: 7 &/ BBOEIG S
% <, lysine, histidine 2 ¥Rl 7 < BOE
BUH v, ZOTHeERE U TEKEOHIR
ERTHBDEEZONS . elastin D7 2/ BAH
BT b B L 2 L X, 19704 Partridge
5312 X - THRE & N7z desmosine & isodes-
mosine #&HF T3 Z £ TH%. desmosine &
isodesmosine i3 lysyl oxydase OfEFIC LD 4
SFOD lysine EVERENDT S /BT, h
I &Y elastin IZ ZWRITHEEHTER S VR O
TLARBENFEEI NS L nubhTnd,

Rt THEFEEO elastin D7 3/ BRAHEL
BT ARG, EEHOWH LU B-EHATIIR
Wi 55w SEIORFE TR, S
JE D elastin @ 7 &/ BEAHRR 1B IR, © THED
B 72 ¥ OB L L TR D HERIR
ERELBEZoTAEEL Twiz. des-
mosine, isodesmosine iX, WTHOIALTHHY
0.3% DEIGTRD 5, EEPE,” HlwY
7 ¥ OB AR HEARPPEWEERR L.

3. EFhRNHER

Nordin 54?1z & 3 & collagen IZiRJI5EE DS
FHERELI ML WHEEEZELTBY, 5l
SR D BMERER 21T L 2eBE F THEENE
Ly, BEETOERIL6 ~8%DHIFTH
ZDITH L, elastin IZERSIBEEIVNE L, O
DT BWHEICE A, FloRYEEERBRETI &
BOARE»IT 2L X elastin IZTTORED 2 %
DL, AfEETEER TSI LR
REH2ELC 2 LwbhTw 3. EEHs I
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1 collagen, elastin 2388°E, §gER, ZRATick-
TRZSIHFETEFINTBY, ZhZTho
B O Z R ERE BB 2R L TWw 3
tEzohs.

JEHY (3 BRR R W TR AR IC R L T
Sl omR D BEWTEBR 21T - 1o fE R, Wl ERIR
AR D35 b 78 < 116.7 kg, BHREHEIED
55<36.4kg THY , HHBEITBTXE TR
[BOSMZ T 2 R IEE D S T2l h
T—ROIT LMD X 51272 D BEHIHHELE T,
OTHNEICED I L EHREL TWE . $E
A5 DI/ X 2 & BHEE SHERIIRE & b
AL TOMUBKRENI EZRLTWS. &
DI Eeh s, SHEHIZEBHHTFORE EFEED 2
W I HEFIARGER & MRS 2 —FE U TR 7208, %
NZNEST CTH~NL elastin DIERE, &F=
DHERD 2 EE 2 o, SHBREORMRDH
LEBbhi:.

TEREFAIFT R CIIHEARES OB H O elastin
B L U collagen WSEHEE AN IZIZEATICHZSI L
TBY, HEFEDOERESIHR stress IR L
TG EE 2 oz, B elastin SH =X

X

TIZEANCE UE IO 5~2. 0fF O & fE % =
LTBY, Bl EHOHEDREV TR I
Tz, FREZRIFR R & & C B BERERL C X REH],
B E bR L 13 R 7% > TEY elastin 8%
FENCECY 3 B EALTRD o, EFEHNTZ
HREWEIE D elastin 578 R IFMEAN L L& ADSH
1.5~2.0f5D@EEERL Tz, HHEEOL
BNIHEHE & Bz D HHIcE A, BROBH~D
TIFH] stress 1203 2 EEER 2B L TW50D
TRV EHEREIL 72,

Wekzbichizy, R, AR5 )IEE
BIREFHLIE Bl BRERICEATCRHE I LET.
% 7 AR I E TS E 72 120 T EIM ARSI 1T B {
Bz LEd. S o ERERREL Tuzidn:
[F BHFEHE WEH ZEBRICOLEEEOHZ, @
HEwlRogtgeyy—, BHEvYy—, YHE
BT 7% NCKINE EMFEMB B CER#h 7z LT,

nB, KX OEGX, 55 EHRERINRIZ SR
FMEE (P2 E108, #F) KBwTHRLE.
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