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retinaldehyde (RAL), retinoic acid(RA), 75 UMC
retinyl palmitate (RP) %8I L 7=.

# $:ROLIIFEICITTFI.4212.75(FHEL
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Quantitative Determination of Vitamin A Levels
in Frozen Preserved Human Amniotic Membrane
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Abstract

Purpose : Retinoids are associated with cell pro-
liferation and differentiation. The levels of retinoids
(vitamin A and its derivatives) in human amniotic
membrane (AM) were measured to investigate wheth-
er endogenous retinoids in AM might contribute to
the process of wound healing of the keratoconjun-
ctival epithelium in AM transplantation.

Subjects and methods . Retinoids were extracted
from AM obtained from three patients following
cesarean section. Retinoids including retinol (ROL),
retinylaldehyde (RAL), retinoic acid (RA), and reti-
nyl palmitate(RP) were analyzed using a reverse-
phase high performance liquid chromatograph
equipped with a multi-wavelength detector or fluor-
escence detector.

Results : ROL was identified and detected in AM
at a concentration of 9.42+2.75(mean*standard
deviation) ng/g wet tissue. No other retinoids, were
detected.

Conclusion : Among the retinoids tested, only
retinol was detected at low levels in human AM
tissues. Based on these results, endogenous retinoids
in AM probably have little effect on wound healing
of the keratoconjunctival epithelium in AM trans-
plantation.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 109 : 727—1735, 2005)

Key words : Amniotic membrane, Vitamin A, High-
performance liquid chromatography
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HEZBON S 2 EDBRAICHE DS N TS,

EBEB O EE 121 Type Va5 —7 > %5 3
SUNEENTWDE Z 6, AREE RIS 2
EEMRE LU TEAL WS EHfl s Tn»go), —
#, epidermal growth factor(EGF), keratinocyte
growth factor (KGF) 7z E A FE ORIG G 2 (2T
ZIPERFIONER LR ICFEET S 00, 4~
& —u A F-10(IL-10) 7 £ O SFMHIA T 23 L &
MPCFEET 2 2 &' 8, FE MO FEESFIE
BHEM OB IS T 2EbH 2. S5, AR
DFFHELEMIG % P ECREFE T % & AP O transform-
ing growth factor(TGF-8)B L UZDv 7% —DF
BBIHIZ NS 2 ED|MEPINT WS, FTz, BHEFE
JBE A U 7RSI R AN & D b R ORI &
BLTWEZEHBHERINTWES, LrLiEaENns, =
B ICBE T 2 DO T Ic DWW Tk s Tk
2N

EY I VA LZOFBEEE, $hbbr I /A Nt
faD 53k L I EHE R B E 2 R L Tw a9,
I R RIC B LTI, EY I ADRZNEZ 2
&, MHIIEOZFRHZETRMHEE & v o I ARRO b
WOMHE 2, 512, ZOMETICHES A EEO AL
BRSO RIC & 282087 & DR RV 7/
A FRFRGIC I DFHICSEET 2 2 BN TV
ZEMBHIR T N xS §ARBE LK DS
{EOEFHICEBML Twa EFEZ 5N TWD,

VA R EFAERICE W TE, BREDIER 2
ERIEREZFET 2 2 RO TW» 5202, JEIAERE:
PRERL T B A & ONTEAFIC LV F /A RRZFDORES
EABREEND 2 e e s, FERMERICBWT
bREBRICV T /A FOFET RN EZ 505, L
L, EMNEFRICBU 2V F /A4 FOBEENLBREIZHR
HEEThINTWERY, 22T, St b EREERT O
VI A N EVMHEREE S a< N2 T 7 4 (reverse-
phase high performance liquid chromatography, RP-

HPLC) # B CEEST L 72,
NS S
1.

AR SR & U ¢, alltrans retinol(at-ROL, AC-
ROS), all-trans retinoic acid(at-RA, ACROS), 13-
cis retinoic acid(13-cisRA, ACROS), all-trans reti-
nal(at-RAL, SIGMA), all-trans retinyl palmitate
(at-RP, SIGMA), % L T 9-cis retnoic acid (9-cis RA,
WAKO) R L7z, WEPEAERRL & L ¢, all-trans-9-
(4-Methoxy-2, 3, 6-trimetylphenyl) -3, 7-dimetyl-
2,4,6,8-non-atetraen-1-ol (TMMP-ROL) & all-trans-9-
(4-Methoxy-2, 3, 6-trimethyl-phenyl) -3, 7-dimethyl-
2,4,6,8-nonate-traenoic acid (Acitretin) Zf#H L 7z.
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Zh 51, Hoffman-Roche HFFERT (R A R) 7 & 2 &
7z, TMMP-ROL 1% ROL 7 & tfi2 RAL, Acitretin
1& RA IS 2 N HERR & L TR L 72,

2. & b #E &

t MEEREE E UCER L. SER O EVIFTF
s &3S NIHREE R 0.006% 4 7 v 4% s
K TR L2, 0.5M, 1.0M, 1.5M dimethyl
sulforxide (DMSO) & TZ 2Nk L, #ExL —80°C
THRERFEL:, &8, E bEBREIA 7+ —AF -1
vy hRfTok ECHEALE.

3. LF/A FAIE

1) #8

RS PRAE S N 7e FORHI BRI 3 M DA I R L 72,
110X 10 e @ BRI % ERBEMERE T L ERK 5
Bz, £R2OWEREEZHE L, ERBEBERT TOXE
AL B/NRIC T 2 72, FEARBERE I RIMRRIN v >
X (CCG G-YL, HHF) #EE L. Zho DN
n-propyl gallete(50 ug/l, SIGMA) &G > BEEHRK
PBS)Z2mlinz, #7 A8KRKEY XA —V—TERL
fo. TORBEEE 10ml A 7 ARBRECEL, &1
TMMP-ROL (60 pmol/10 x«1), Acitretin(60 pmol/10
ul) DNEIELESR 2 REML, V5 /14 NO#HZ2T-
’z.

2) VF /A N

@ at-ROL, at-RAL, at-RA

WhH 7%, Napoli?® @ alkaline ethanol/hexane ;
acidic ethanol/hexane EIZ¥EU T2, T4 bb, kN
WAk VA 05g, 0.025 HEAREILA Y 7 A E S50
ng/ml BHT (t-butyl hydroxy toluene, SIGMA) &F =
&/ —n2ml 2Nz, 2L 7T, 50 ug/ml BHT &F
n-~¥ Y > 4ml 2HZ 7z F T4 EE3,000 rpm, 5
) 2fTo 7. ZOMEEREE 2 EITV», GEF8ml D
TNAY e NFY U R BRI CHEEE L
fTo7z. &5z, KR 4 BEER 167 ul 2h02 7215,
50 ug/ml BHT &H n-~F ¥ > 4 ml Zh1z2 =000 %
179 FERE s i RE % 2 [EfT v, & 8ml DRMEANF
o R A LT,

@ at-RP

i X Smith** D FFEICHE LT, Tabb, BHEhCHE
Hokz 2mlinz, BRURT 7 AFBEICEL, 1¢/1 n-
propyl gallete &% / —) % 1ml, 10.1 mol/1 /K&
1AV 72 0.5ml 2Nz, 500COAKME G305 THAL
2iTolz, 2D, K ETI00M®BEIL, K&K 1ml
Pz 7z, ZhiZn-~F Y >»4ml %0z Do R
(1000 rpm, 10 43f) % 2 [\EfTo 72, &FF 8 ml D~ F 4
IR FIRR AR R 2 1T o Te

3) RP-HPLC #iE

v+ 4 RHIE X, JASCO ##! intelligent HPLC
K> 7% 7 )L PU-1580, MD-1510 £ Hi#%, multichan-
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K,\-“ ,,,,, — K‘\Wwﬂﬂ/ 340
— )\ -
_b_./\\m_\w ——- 325 nm
L . 10 15
BHEERE (9)
1 All-trans retinol (at-ROL) DIREY > TN I 07 757 1 &7RT.

B &L, » 5 2 Waters #84 yBondapak (C18 4 5 A, 3.9%300 mm), ZEFHIZ70% 7=~V

Vs 20% KK, FaEIE 1.5ml/4rTH Y, at-ROL A3 325 nm 12, all-trans retinal (at-RAL) »% 370 nm !

wmH s h:.

(-

1. all-trans-9- (4-Methoxy-2, 3, 6-trimethyl-phenyl) -3, 7-dimethyl-2, 4, 6, 8-nonatetraenoic acid (Acitretin)

2. all-trans retinoic acid(at-RA)
2,4,6,8-non-atetraen-1-ol (TMMP-retinol)

nel program JASCO-PDA, FP 2020 HGH 25 % F
L7z. HPLC # 7 A2 ix Waters tH8! yBondapak (C 18
A7 Ay 3.9%300 mm) ZEHAL .

@ at-ROL, at-RAL

BEIFHIZ70% 7 X b= b VL 1 30% ZKE K (10 mM
C2H3CO2NH3 &H), W 1.5ml/4, LK E
(at-ROL 1% 325 nm, at-RAL i3370nm) D& & L,
AR % 150 ] BEIMH IR, 2D 100 ul 24 7 A
FALTHERT->7 (M), FHEHDO7a< 75
ATELNLEZEVTF /A R OFEHER» 5, 3k
EENLVF /A FODE—ZEVHL, TOE—75
Mg A7 bVEENTIC X D EERTTo 2, 72, E&
1Z, PEPEEHESURL & BHESRl D © — 7 DR S e SHRE
EARZERL, MBEERLYVOEERELTCERL
7.

® at-RA, 13-cis RA, 9-cis RA

BEIEIZT0% 2 ¥ 2 —) > 30% 758 K (10 mM C2
H3CO2NH3 &%), W# 1.5 ml/5%, EAERKEE 340
nm OFFE L, BE%E 150 pl BEIMHICHE R, 20
100l 20 7 LACEALTHIEZITo72 (K 2). %7z,
FIE XFEREIC R~ b VT TFT 5 72,

® at-RP

BEIAHIZ 100% X% 2 —n, Gk 1.5ml/4, ®#6
HIE (Bt ¥R 325 nm, HOEHEER 370 nm) DT, &
FHa 50 ul BENMH AR, 2020l 25 7 ATEA

3. all-trans-9- (4-Methoxy-2, 3, 6-trimethylphenyl) -3, 7-dimety]-
4, at-ROL 5, at-RAL

LHE 217> 72 (B4 3).
11 *

1. at-ROL

(R ERERD 7 v~ b 77 A IEHERE O at-ROL
ERIFE CE BRI E — 27 &, FDOART b
IR CEEAMEIROERE 325 nm 12 B — 27 23D 2 L
5, WIRERRIZ retinol SFFET 5 Z E R E NIz (X 4).
ZLT, FEEBEMCEHET % at-ROLEE X, Th
ZH9.4242.75 (CF ¥ fifl + 42 #& {Ff 72 ) ng/g wet tissue
weight (n=3) & 13.73+1.22 ng/g wet tissue weight
(n=3)Th-o7z.

2. at-RAL

EEEEHREBEO 7 0~ 7T AT, EERKEO at-
RAL & AHERIA—T 2 € — 27 3@ > 13, MW
iz at-RAL 3 s e o 7z,

3. RP

FRO7u~ s 77 AT, EEREOWE R —E
T%5RPOE—27 3D 5NT, ERICRP 3mEs
o7z (K 5).

4., at-RA

EELRBEDO 7 0~ 7T AT, EERXEO at-
RA L IZIZFE CHAHEICE— 27 B & iz b8, AR
7 N OVERIT TR ERAMRIROEE 340 nm i2 ¥ — 27 2FEH &
N, WA IZ at-RA 3 S o 72 (2 6).
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2 At-RA Y T7No0Ov bS5 7 1 &R,
WMHE&MR, & T A Waters #:8 yBondapak (C18 71 5 2, 3.9%X300 mm), BEHHIZ70% 25 2 —) ;
30% 7&K, WEIX 1.5ml/53TH YD, 340 nm THH S L7z,
1: Acitretin 2 : 13-cis retinoic acid(13-cis RA) 3 : 9-cis retinoic acid(9-cis RA) 4 : at-RA

3
uAU 1 W
8.0E+05 {
6.0E+05
E
£
1
eH |
= 4.0E+05 i
,
2.0E+05 {1
I
] |
i | j ‘ Iy A
AL Al R ] . A
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EHEERE (5)

3 All-trasns retinyl palmitate(at-RP) DIZ#H >IN o0v b IS5 7 1 &2RT.
Mg hix, » 2 & Waters #:%4 yBondapak (C 18 5 F 2, 3.9X300 mm), BEIHFHIL 100% £ & 2 —),
WEIE 1.5ml/53CTh Y, LR 325 nm, H#OEE 370 nm THRH S Lz,
1: a-tocopherol 2 : a-tocopherol acetate 3: at-RP

WChRIzh, ERE R IIRAER O IRRIICEE T 5 L

v % % LTW3Z s, SRIOHAIEREREZ, BB
S, HERESNIEREE#TOE Y v AHIE EPHHBOEY SV ADEFEREZRKBL TWS EFH 2
BiTo7z, TE O EERE H1E DMSO, 7'V & SNtz F77, BER-S80CCTHBREE S, L3

T—)l, WIFNOFECBWTHEE FFOFEIL BT BN BRI Tb N 2 & 2R L, BSEHEE
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% Jl!\‘\ 4‘\ fi | j[]% Wavelength [nm]
| It { J,\ | ) i
2 AW AL,
A \ f \\.-.
W\AW/MW N 0\7}\ /\\
\
0 .-.\‘__/J \ M 370 nm
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B HRER (4)

4 P MEEICHIT? at-ROLOBHoI O IS5 T 1 &RT.
TEHESRL & R CA RO ©—2 Q) 13 A7 MVIEITIC & D SBARBOEE 325 nm i ¥ —2 2o, at-

ROL L[RIE & N7z,

1 : 60 pmol TMMP-retinol

WEBEY SV ARBEIELL LWL D EHEHIL 72,
EREFEBIC BT A EY 2 AICET 2HE T,
Wallingford %2+ Koskinen 5291% 3K 12 B 1) % at-
ROL OFFEZHE L Twb, £z, Gao 65237 vk
I3k D retinol-binding protein (RBP) #32E 4% D 9
b PO A RERR D, FE R E T2
at-ROL OFTEZ E#MNCEEA L T w3, SEIOHE
BWT, EFMHEBEO at-ROL 2 H L7722, %0 RBP
DRFFEEFZFRET 5 &, &z at-ROL I3 FEEE L

2 I WEAIME at-ROL

Dbt L AR EEMEBICEELTVwEbDEHEZS
niz., —H, WMEBETEFRLEEL, L0E L0 at
ROL & Eh Tz, Zhid, MEBEZESE RME %
BY32em0, MBEORACEBHBREERT L, 2
NoDZ Ens, at-ROL FERBEOME R & 0 REE
o NCEBROEEZRAL, EREFEABXS LA
e E Z o B ds, ZhoffcB 1% at-ROL O
W% T % retinol-binding protein OFELEITTILEED

L 2TV, iz, FAKIZIE at-ROL 2372 7E



732 HIES3E 109% 115

uAU _ W’
w4 ot

2,500

2,000 h/!'“

1,500

RS (nm)

1,000

500

0 5.00 10.00 15.00 20.00
BHER (9)

5 FIRHEEICEIT2 RPORHI O NI 57 1 &RT.
FRHESURA IR & —2 9 2 RP o ¥ — 27 B0 5 g, FEEHIZ RP IR D shzhr ok,

0.01 WHEZNRYT NT L
10
|
0.005 f ‘$
8 Abs \
£
™
P -0.0025 s
=X 200 300 400 500
4 1
Wavelength [nm]
340 nm
2
J )
0
0 5 10 15 20

B HEER (5)

6 FREMRKICHITZ at-RADRH I OT NI T57 4 &RT.
REHESUEL L IIZE CHE R O ©— 27 (W) X A7 MVIITIZ L D, RIMRBOLE 340 nm 2 € — 27 2388
7 at-RA Tidh w2 EMFEIEI Tz,
1 : 60 pmol Acitaretin (W) R&I DY — 2

T2 e E2EETNT, EA>SEREEAD at-ROL BT B Ak B v T at-ROL & B7 B o retinyl ester

DIEDTFAELF Z oz, ESEEOLIE, HHTH1:2~1:6 tBFOSHEN
ERNTIE, at-ROL 133 2T, MEBREOaE K, &K %3 Bz i3 at-ROL O IFE B T H % at-RP O B &
BR, B, KB, KRS 7% & OMB Tl S 1oy, at- AT o e SEFMB I IR S Y, FERE R E

ROL i3 ~E & S h 5933, Z k5 at-ROL % fiy 5 3 ARPEAINESO T H 2 ATREME I e v EHERI L 7.
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at-RA 13 at-ROL O 4 )V R v EFHFEETH VD, 5
Sa7MEE IR TS, B, K, I B DNERS
B, FEREROMIETIX at-ROL % at-RAL 2544
B & TR0 M T TV S ) M Tk
cellular rerinoic acid binding protein (CRABP) & #&
LTw200  at-RA BR#PEDLO THEPLTH Y,
TV arBgfagic O R@shsr, LI
MBZA D cytochrome P-450 #&7F % monooxygenase 12
ko ssBEoE Ly T A4 FARBE 37209,
MEIC BT at-RA 13 at-ROL #1003 D 1 & »
) I MEBEDRE TLLEEL RV, BEEHBT
X, & bR E bR H i CRABP OFFED

WENTEY, s DMK at-RA OFEELRER
S0 —J5, b bR E MR 81 5 CRA-
BP OFAEIAHTH 205, SEIOMERTIIE bFEEw
X at-RA I3 & v r o7z, RP-HPLC D iR R
W72 2 WikE D at-RA 28, FEREE B o Bk &
n, UL IEFEE LR TEARSNIEREFEL TS
AEEELHEZ SNz, L L, RERHCKRERTCE
B 2R E IO at-RA EEBRICO W TIREED &
ZHTHHTHD, ZOEEBKOHTEIETH 2 at-RAL 28
At TR S ol 2 o, FREBIHICIES %2
L EDEYENTEERE T % at-RA OBRENIBRICKRT
L T3 ATREME S H#EHI S 17z,

83 AZAREEERRO Mo EEEE BRY
2, IBERRENERA SN T 7. Kaz Soong 5491
A AR LR B OERNC 0.01% at-RA IREKE %
#BEL, AltoilEl 2o Cws, %7z, Ohashi 547
1F 1500 TU/ml o RP SR % b 5 I 8 D FEB1Iz
BELEMTHo7: 2 2L Twa, 20O RP AR
WrREE % EECHRET 2L 0.082% &5, K
BT D EFEMMO atROLSEERZILEL1 & L CHE
BB BEIWCHET 5 £ 9.4242.75X10° % & & 5,
A S 72 B EAEKR DS drug delivery system & L C at-
ROL Rt 2 LfREL T, LFLO RAR
HEL RP AR E B L COMOTHETH S Z &
5, BHEIECEEIIIARLICS W D EHEZE Lz, &
I, FREEPBMHEZEEE LUIRKICFELT % at-
ROL®%ZH D iAtr & LT dH, SEIDOFER» S at-ROL
ZI ATV E LU THEEEAMRNICETR L 2535, il
SN at-ROL 2B1E 35 Z L 13F 212 L, BHEEOA
T - B RE D SH b D HER e Bt b O IE I AR T & 2
WHDEFZ SN, Flz, FEBOGREMEMICB TS
at-ROL D O Iz B> T, 58 340.9+57.3
ng/g tissue weight, FLES 965.5+83.1 ng/g tissue
weight®? &, SEIME U 7z K REFEICE T 5 at-
ROLOEERIE, o LT T METH->
7z, Ubp s, EEHEBCEET 285 AR, #
EMEIRSRIZE B 3 2 EERBAEIC B U 2 LR O REsE

XD Y T v A ER - FIGM 733

WX LT, RERBREEZR-L T EFHEZ T,

A5 24 BN > 7 75 > A P27, P92 72518
1 2000 £ ARVO meeting : No 2398, P 453 THEL /2.
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