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The Effect of Ascorbic Acid on the Enzyme Reaction in Pyridinoline
Formation during Soluble Collagen Maturation

Mi-Hyang Kim

Dept. of Food Science and Nutrition, Silla University, Pusan 617-736, Korea

Abstract

Normal tensile strength in collagen fibrils is due to intermolecular and intramolecular crosslinks
which are known to be altered in aging. Pyridinoline, a mature crosslink which is stable and non-
reducible, is derived from two hydroxyallysine and one hydroxylysine residues of collagen fibrils.
The excess formation of pyridinoline in collagen is associated with making the tissue stiffer, less
soluble and less digestible by enzymes. Lysyl oxidase is the enzyme that initiates the biosynthesis
of crosslinks in collagen by catalyzing the oxidative deamination of the lysyl and hydroxylysyl residues
in these molecules, and its activity is inhibited by B—aminopropionitrile(BAPN). Our previous work
demonstrated that the pyridinoline content of bone collagen significantly was increased during incubation
for 5 weeks at 37°C in vitro, but it was decreased by the addition of ascorbic acdi(AsA). In this study,

we clarified the specific action of AsA in aging process in vitro enzymatic reaction.
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Collagen2 £AH] = B2} 7)o cl ) 7l g 3
As}e] collagen A7t =}, CollagenZ9} 7}al3 Al
L F2 AT A o] F A, 3] collagen 7T
Hile 2435, e - g3 AL FotE £
gtz = Qleh1-9). 2elmE, 7l3E7le) &
collagen ¥-43= 227435 dod F 3= 7HeA
% A A8t 1 9o} Pyridinoline-& collagen®] 4 %7}t
24 2.4 hydroxylysine(Hyl) 1222} A Aol A &
43 wk-2-of] 2) &) A= o1 hydroxyallysine 28217+
Agste v EsH b o3 AARCH10-13).

Lysyl oxidase¥ collagen #2141 2] Hyl 2 Lys(ly-
sine)A7) & AHs}A 0 2 "o} x3}3}e] hydroxyallysine
A7) EE allysineZ7)9] A& 2ozlE Asolth
=3 fr2] o] Hyl# Lysell& @4 & 714 A] ef2ut, Al
E 9] A fibrile FA & collagen 3} F2 Lys =&
Hylol| %t 2H-4-819], o] uh-g-of Hfj 3t Fol gt A sf AL =
4} B-aminopropionitrile(BAPN)e] et# 2] 9lth(14-19).

Siegel(20)& pyridinolined Z§3HA] e =g
olz] AF F2| 97184 collagendl lysyl oxidaseE *
7Fste] 37°Cell A 1092 72319 -& o pyridinoline A
A& glslked 12, 554 ] pyridinoline 844 %2 0.144
mmol/mol hydroxyproline(Hyp) 24 lysyl oxidase 5
Yol vls) gHalo] Z71=E9)-8-& gt &, ke
Z7)o]] Hyl-& lysyl oxidasedll ¢]3}¢] hydroxyallysine
2.2 Wstatd 3, AA 7] 7h2ol oE A o2
pyridinotinee] A = 142 vebll 2 g} kAo B
TZ(21) oA A A= A A W oAl A 9] lysyl oxidaseol 2] 8
o)v] A= hydroxyallysined sl 7128 A4
3} pyridinoline 443 ¢l =12+ ¥]€}%l Clascorbic ac-
id; AsA)®] ¢ 8F-8 2 A}3bgdth L A5}, collagen 9
pyridinoline in vitro aging®] 3114 X F7}131H, o]
213} pyridinoline?] A1 71+ AsA A7kl &) oA
= i) o] o} Fa st B Qo4& pyridinoline A
el 3t AsAS] A2 98-S oS HEFsHA 3
##l, hydroxyallysine 52} collagen 7} 28 E 3314
%= 97144 collagens A BE A3t 44, 9]
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D-Penicillamine hydrochloride ¥ dehydroascorbic
acid(DHA)+= Sigma Chemical Company(USA)2-€]
T4 3}l 2, ascorbate(AsA), erythorbate(ErA), cat-
alase, glutathione(GSH), hydroquinone, sodium dodesyl
sulfate(SDS), bromophenol blue(BPB) & ¢t-methyl-
ethylene-diamine(TEMED)2 (F)fI G4l 28 T2 (Jap-
an)°ll 4], coomassie brilliant blue R-250 (5+)Nacalai
Tesque(Japan), mercaptoethanol+= Merck Co.(USA)
258 73t 40 BN (FIERTHBES
(Japan)ell A =4t 2] F-2] 2143 AL 78 37, 200g
A F 9 hartlayA 4 guinea pige HEA YT ETF
A(Japan)ell4 7413} o). Diethylaminoethyl cellulose
(DE52)+ Whatman 2.2 $¥, A28 43912 ()4
3}3h-3<d (Japan) 2278 )3t ch Pyridinoline &
ZFE22-2 Fujimoto®} Moriguchi(22)2} ¥ o) )& &
Z3}9d ). 2,3-Diketo-L-gulonic acid(DKG)® &3
BEO(23)9] why ol 93t §HAdstedct. 1443 DKGE
dinitrophenylhydrazine ¥ HPLCdl & +x25 =
Absted 98% ol4He] A& AHg-stdct.

DEG2 0|2 m&sX|e| =X

DE52 o]-& & AZ A 20gel 500ml) /-8 A
7ste] A A& F30~40% A A F 45 Hr]8=
HA & i w53l BEQl vIYPRF AAT F
0.5N NaOH-%-0.5N HCI-£-0.5N NaOH-&-2] $4]
2 AAstg el dde) o) Ao g Al A g A= gl-
ass woolZ A2 A glass column(3.0 X 20cm) <
FA15te] N ABM urea/0.1M Tris-HCl buffer, pH

76)% 33 3}stict

Lysyl oxidase2| F2XH|

Lysyl oxidase®] ZA® & Fig. 1o vrebigict. A
S A A 49 dlE9 20ge] 2ZFAB(0.15M NaCl
/0.1M sodium phosphate buffer, pH 7.8)-F 40ml 7}3}
o] ZAsIg F Al Ee] e 23] doix] A Eo &
FHAE 7tete] A4S FE39ch dojA 284 Y
& A 212] % DES2 columnel] #38}5}ed 25 A 200ml
5 £g=, 05M NaClg Z33F 39 A 200miE
BRIz Y3 AR Frr]&7] e o8 S=lsd ol

Bovine aorta(20g)
- Added 40ml of Buffer A"
- Homogenized at 4°C
- Centrifuged at 17,000g for 10min
Pellet
- Added 40ml of Buffer B?
- Homogenized at 25°C
- Centrifuged at 40,000g for 60min
Supernatant
 Loaded on DEAE-52 cellulose column(30X% 20cm)
| Washed with Buffer B® until the absorbance of the
eluate at 280nm was about 0.2
I Eluted with linear gradient(200ml of Buffer B? and
200ml of 05M NaCl/Buffer B?)
Eluate
l— Monitored at Asgo
Fr?ction(No 16~38)

Lysyl oxidase
UBuffer A: 0.15M NaCl/0.IM Na,HPO, buffer(pH 7.8)
“Buffer B: 6M Urea/0.05M Tris-HCl buffer(pH 7.6)

Fig. 1. Purification of lysyl oxidase by DEAE-52 cel-
lulose ion exchange column chromatography.

42982 fraction collectorE- o]&3}o] oml¥ 33}
o 19| A 280nmol A FFx 0.2 o] A4S el &
23 ES wol, hFAB FollA 243 T4t o]
Ao Zatel o8 dolxl FHAUA G 2ELNCE 3
o FAAZE F -80°CollH FARES N} Bowhy
AL Lowry(24)¥H ol o8 SA3slgdch

7188 =H|

Guinea pige] 5258 dF-& &gl A
3t ¥ BAPNS 3 7}ste] 37°Coll A 241 2F 71-23}e] o
A B4E BZAIEAT Fo gl o5t BA-
PNg #H¥ &4L Atz IM NaClE 23st=
k2N C(0.06M Tris-HCl buffer, pH 7.5)2 4°CollA] 2
A7t collageng F=&3l4ich LA E] o of& deixl
el NaCle 3718t 3% 5= 20%2 =3¢ F
£Col A 330 wubste] Al E-e]o] o &) A5 2| vl
collagen A ¥-& A At el 12 Ax e 459B
£ AHste] £A% F A Bt AT A S VAR
3lgch AF5g0 2 1l o 3Bmge 97H-A collagen
4 d4ih

Gel ZTH|
Egeld 15% 2 3t acrylamide, 34 2%, TE-
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MEDS] =22 E3tslo] gelst & wi7l=] 147F A&
o upA)slgrh e w2 45% w29 F5geld
wEdh

AlBe| A

A4 E A B4 59 48319 mercaptoethanol
A7t F 100°Cell A 382k 7l A= sisdch

H7Hds

2001} Al &5 geloll ¥-3}3ke] $43-<4(0.025 M Tris,
0.192M glycine, 0.1% SDS, 0.1% SDS, 0.2% BPB)<&
A}-g-8te] 15mAlA] 3087 A1 53 F 30mAell A
160%-2F 713 533t

A7 ] ¥ ¥ gel- coomassie brilliant blue R-250%
f?} % 5% methanol/7.5% acetic acid-2-%}
i sk o

€ Fig. 2o vrehligde}. 714 9] fibril

HAL 93l 37°C°ﬂ 4] 27} preincubationd ¥ &
AAYE Arpste] 37°CollA 2~6A17F - &
Fspgich B B3l o3 4R kst At
245§ AH8-s}o] FAbsk2A (Olidector-Model 5,

Oriental A715A]3] AL, Japan)2 &4 3tk

SEE=

712 9] fibril& Al F ¥ Aol A] vh-g-E 32 A 5}
o] 2F A Arrel T Ao 37°Col A 10~204 7 uk-$-
stgieh. 72t AP Tolle FA 2 ol o *ﬂi“ﬂ/‘—]f
27] 93 2~3uH-2-9] toluened o 7}stch =
PyrAA ol ®1xl& AsA9] 3¢S A8 8 37°c
oA 14947k w28 A A AsA] A7l 2 g

Substrate(0.2mg collagen)
Preincubated with shaking at 37°C for 2hr
Added 10™M pyridoxal phosphate and 10°M CuClz
Added enzyme(3mg protein)
Added buffer solution” to a final volume of 3ml
Incubated with shaking at 37°C for 2~6hr
Reaction mixture
L Determined H202 by O2 electrode detector

Ppuffer solution: 0.15M NaCl/0.10M sodium phosphate buff-
er(pH 7.8

Fig. 2. Enzymatic reaction for the determination of lysyl
oxidase activity.
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Substrate(0.2mg collagen)
I Preincubated with shaking at 37°C for 2hr
L Added 10™M pyridoxal phostate and 10°M CuClz
I Added enzyme(3mg protein)
L Added buffer solution” to a final volume of 3ml
Reaction mixture
- Incubated with shaking at 37°C for 10~20 days
I Centrifuged at 20,000g for 20min
Precipitate
’- Hydrolyzed with 3ml of 6N HCI at 110°C for 24hr

Hydrolysate

Evaporated to dryness under vaccum

Filled up to 2ml with H20

Filtered
| |
Pyridinoline Collagen
analysis analysis

Dhuffer solution: 0.15M NaCl/0.10M sodium phosphate
buffer(pH 7.8)

Fig. 3. Enzymatic and nonenzymatic reaction for the for-
mation of pyridinoline.

o Ao} 3t7] $18) uk-3- A2 A catalase 0.1
mg/nl 7ehgh g2 At AsAs] AAH B
32 5] S8 S 23ehe Al 2¥AR
£ AE A sted 37°CollA] 24417 g A1 A A8
ch(Fig. 3).
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a2 o8 A5Ae AAs A
HC1~ H7vete] 24417} 7hp 8 g F 7L
9] Pyre¥s} Hyp%S &3 3491 th(25,26). AsA
228 ¥ 4% HPOs& Z-2 oF Arlsted &
ul)-g A At YAl E el o s Aozl A o
AsA$& HPLCE °]48le] 243 tH(Table D).

o, Hr 2N
ol S min
i ol P °h'

Ea0 THY 3 BHFFYe HE

Lysyl oxidasetx A1F, tl59, o, 9% 5 o8] 4%

Table 1. Chromatographic conditions for AsA analysis

Apparatus : Shimadzu LC-5A or Hitachi 638
Detector : UV detector{254nm)
Column 1 250X 4mm id.

Packing material : LiChrosorb-NHa(Merck)
Eluent 1 0.01M H3PO4/0.01M NaHPO4(pH 3.3)
Flow rate : 0.7ml/min
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23] Fofl A3l Atold, M EZ EAFY colla-
gen°li} elastind-froll 78tA A@gsla glerz ¥
Aol dg-doe Ao FEHA g 2EEY 82
E AHgSobt £52% 4 glo) =g, B4FE A 015
M NaCl& 2331 0.1M g1tk (pH 7.8) 2.2 4
Asbd aio) vgAe] Fogicly delA QAeh2).
ot B AN B4 g 35 Bxog Lo
& ALS-3lg T, Ak Ao R oW AR 3
6Me] 842 ®455S 314 th Lysyl oxidase: glu-
tamic acid, aspartic acid 5 A4 olnlxAtS o} X
g3l 4H4 iAo}, Diethylaminoethyl(DEAE)7]
£ 7HA & o] 2 3% celluloses A S A 54 7337
Asle g 9ollx] QdojAl 2& 4 9S DE 52 cellulose
column® 2 #-EA A7 ¥, UV 280nmll A $23 %
o FAEE SAYT AAH RS ol B}
29 fF Aol doiAl FRAA ALY opv| x4t 2
A ¥4AE Table 29 Jeti K} R EAAEZLE
Kagan 5-(19)0] &3 A A A4 9} v) 28] 4 aspartic
acid, cystein g&&Fo] Yot 3, lysine &3 =9t} &
29 il =T Lowry(24)4 o) 28l 23833,
polyacrylamide gel A7]°3 &5 0.2 Ex}8k-8 F2 519
t}. Lysyl oxidase A& 22 o nja} o1& 7oz
4eA glon, Kagan 52 49| dlEmo g RE] Ao
A AAEA] FAEFE oF 30,0000 4 60,0002.2 B
& eh(19). ¥ A oA E FEHYA LS ALL3}
FEHAE AL EAle-E 34T A=), BA1=E 30,000
760,000 -] A& band7} FAA}. o)L E AE

Table 2. Amino acid composition of seml-purified lysyl

oxidase
Content(residues/1000 residues)
Residue Exporimental Reference
data data(19)
Aspartic acid 527 116.0
Threonine 60.5 53.7
Serine 62.6 103.8
Glutamic acid 134.1 127.1
Proline 515 52.8
Glycine 78.3 122.9
Alanine 83.2 80.0
Valine 575 36.9
Cysteine 78 209
Methionine 22.9 158
Isoleucine 46.0 29.1
Leucine 94.8 734
Tyrosine 37.7 239
Phenylalanine 40.0 271
Lysine 62.3 327
Histidine 186 285
Arginine 52.7 55.4

*Data of Kagan et al.(19)

3} oh37EA 2 2] 9] Hylell 213 2H-8-81 e ol
2} collageni # 2] HylAl7] o)) 243} 2 2 pyridin-
oline s 3317 ¢d& 258 ¢ guinea pigd] AF col-
lagens 713 2 33 ¥ EAHA LA E A48 model
WhSA S A sl B ZAukg o s A sE hy-
droxyallysine< &3] £tAg EAolmg wig &
IR E A H0F 543t 48X AR 314
t}. Lysyl oxidase?] AF3}ab-8-of 21§ collagen 713 2]
FAbstpae] ARAA L Fg A

0
g (o]
-NH-CH-C- I
é -NH-CH-C-
H2 |
| CH:2
CH2+H20+0; ) | +H202+NH;3
| Lysyl oxidase CH:
CHOH |
i CHOH
CH: |
| CHO
NH2

Fig. 49l modelAl ol ] A}-4-3F & A} HAbsl g
o A el gl 714 9 collagen % 0.2mg/
8mg proteinel] W 3ted B Agke] F7te} A 4kl
48] A A o2 Zo sk w3 E4) 9
3+ 714 collagen 2} Hyl #}7) 2] Ak3}2 &ql37]¢
3 6A17F Fot A A H o 2 salslpiaks 2%ty n
A)Zkete) whg-ol & sl a 3he] Hyl%e) W3t s =4}
ek 2 A3 Hyl A7) A2 34 3hask o,
o] ol utsle] Hy0. A -2 Z7}sl4ich(Fig. 5). ©]
Ao Astz Re B AP de)al lysyl oxidase
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Fig. 4. The relationship between the amount of hydro-
gen peroxide formed and that of enzyme.
Reaction solution was incubated at 37°C for 2hr.
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Fig. 5. The degradation of hydroxylysine and the for-
mation of H202 in enzymatic reaction.

E4X glg 9l "|FEAN gk2oifMQ| pyridinoline

Z @D} A7 A fibrilgl7t Al =4 = 213" col-
lagen$-94 & 37°CollA] 4~5F7F 7F-2-8H& o Al
Yol 4] 7}aEA Q) pyidinolinee] BA EH & B s}
At} o] ¥h-S-& in vivodl A collagen 3¢] Hylo] At3}
=] ¢} hydroxyallysinee] ¥ 32 ut-$-olw AsA pyri-
dinoline A4 oll e A L& e A2 vebsk
t}. o] o} P sle] & o Fol| A& collagen 7FE EF
514] 9 A7HEA collagen 7] 4 ol 9] o2 -
] B EAH AR lysyl oxidaseS 73l 44 2 )
F44 v AE 23ste 39 A A pyridinoline
Akl tiste] syl

Pyridinoline A4 oll 9 2. wh-g-A17H-& A 517] 4]
8} collagen 7]& o) lysyl oxidaseZ #H7}she] 1047t

Table 3. The influence of incubation time and BAPN

2 204 7F e A H 2 2 A7E Table 3¢ e
o}, ¥-2 %7 pyridinolinee 714 collagen %9l 7 &=
2] $¥9k 2.H0.01mmol/mol Hyp °13}), 1043t 7123}
9% o pyridinoline A4 #%-2 0.111mmol/mol Hyp=
Z7bstgich -2 274 BAPNE 371314 S o9
0.034mmol#} H]23}4S o 3u) o] A4S A &S
e 2deh. 207 718kl & o= 1094 78] 7h-2-3 v
asled oF 150 Zr)sksdct. olel & AtA 2 e o]
3}] 418 ol A pyridinoline A3 ol H 2.3t vk A1 7H-E&
9zl 2 AAstodct. 4, lysyl oxidasex TE| & X
Fehs FLEAE Ao, B F 49 pyridoxal-5' ~phosphate
o] 7ol o5 BAPNS £484 Az A=A E o
A7} AFssithe Bak glo. B 2(2829), o] vH-g-Al ]
F2]o]-& o pyridoxal-5'-phosphated A 7}+3lsich
2 A3}, pyridinoline A4 & lysyl oxidasell 2}& &
A kg o&sln 9lgol Hal= UK Table 4).

FAX - H|ZAH BI20||A pyridinoline AjAdof|
ojxj= AsA U AsA MEES] HE

Pyridinoline 2§43 ol ©13 AsA, DHA % DKG2| 4
gL AaA - v ELA da WA H RS
g ch(Table 5). AsA 0.1mM A7}l A pyridinoline
AR A= =22] @k}, 1.0mM o] 4ke] H7tell A py-
ridinoline 279 oF 60%7t2] 3t43tc}h DKG
A7VFol 9l eI A = pyridinolined AsA 717l v] 3}
i e % sl A9 vl 53]t A golgle}. 12y, DHA
£ A7 A4S, 0.1mMe] 32 F =49 pyridinoline
AR e 22 oF 70%% 2 1.0mM o] Aol A& 40
%t AsAt Gt o2 FA 8- Fojlx] EA
o 4 A 4t3}5] o] DHAZ 5 2 Yol7} DKGE s g}
o] Hk-2-A ol 4] AsA-S pH 7.89] &3} 271 F2le]
o] T3HE ] 93 374 Q) 2ol n 2 et Abs}
7 4t 2822 E4Hk3 2] AsA M3 E =
AL8}7] )8l 24412 7 A1 A o2 sk oh(Fig. 6). L
A}, 34 FH7 vsle] 248 A7 AldlA AsA

Table 4. The influence of cofactor on the pyridinoline

on the pyridinoline formation formation
. . Pyridinoline . . Pyridinoline
Itr.lculz;aitxor)i Incu(li)iagon concentration Iggﬁgﬁ%? Iggﬁggﬂg? concentration
ime(day condition (mmol/mol Hyp) (mmol/mol Hyp)
10 Control 0.111 Initial contents 0 ND
control + BAPN 0.034 Control 14 0.130
Control 0.173 Control Cofactor 14 0.133
9 .
0 control+BAPN 0.014 Collagen solution was incubated at 37°C for 14 days.

Control: Enzyme + Substrate

Control: Enzyme+ Substrate
Cofactor: CuCl, Pyridoxal Phosphate
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Table 5. The effect of AsA, DHA, and DKG concent—~
ration on pyridinoline formation of soluble
collagen in vitro

Amount Pyridinoline fromed

Compounds  _juedmM)  (mol/mol) (%)

AsA 01 0.023 92,0

10 0.016 640

10.0 0.015 60.0

DHA 0.1 0.018 720

10 0.010 400

10.0 0.007 2.0

DKG 01 0.021 840

10 0.017 68.0

10.0 0.011 440

initial 0.000 0.0

Control Final 0.025 100
I I 79
) - a—a AsA1.0mM ad

bstrat
) OG-0 ASAOImM  OUPSTEe

*—e AsA
& 1.0mM Substrate + Enzyme
O---0 AsA 0.1 mM

o

AsA concentration (mM)
AsA concentration (mM)

Time (hr)

Fig. 6. The degradation of ascorbic acid(AsA) during
enzymatic reaction.

) Anjgo] BE Ao 2 velygth Lysyl oxidasex™
FEA U B2 T E st FHALEA
Zhaut-ge) 8% Fele FxE 2~25uMelzte ¢
A Qlth30). =3, BAL AAT a6 FHE A
s 28 X0] FEFHE AE B gtk &
Aol A8 faae] Fel FRL YL o 2y
A 1goll et 0.2mg EFE Ul wh-gy F4
Fe) FEE 1Mol At} o127 ¥ A A EL F2) 27}
Falo]- &g uhg A Fx o ul e R3] Al
W3] T2 & 1M S = H7)etsich AsAS 78
o] 2% 1712 sl AFgE A= AR deA
Q1 2(31), £ X §3= Al AsAS) wHE Fas
Felo]e-9] Heirl & o2 2A = oA} ole§t A
= AsAL 54 WA A E 2I)dA oA HF
A} 23 291 pyridinoline®) A4 & A stx 9l-&& A4
&z olck. =g AsA B} 2.35]8] AsA AbsHEAlQl DHA
7} pyridinoline A2 o AlstE A2 Jebgdch £

L

1-gAlE E2A - ulaLd & 8= in vitro
o] 52 DHA7} o] 2= A oA AHg-3he7hel dd2
o} e, 949l wnAst DHAS 735 1mM o]
2] F¥ES A pyridinoline3-& Bl A AH uk-gHe
279 oF 80% % 21H21), A4 W& £33}
B uhgAe e dlz2F9 of 40%0l AvhA] ¥t
.o]21¥ A7 DHAE v A LA whgRo 24
o] 3]} 4 pyridinoline A4 ol 743t A 283t 7
o} A1 8tz qle}. Lysyl oxidased] A %9 = Lys%
7}oln) ¥ #H A4 pyridoxal-5'-phosphatet &9
Lys A7) 8} uk-2-3ko] Shiffd 715 A4} 7148 H
7}8te] & ol pyridoxal-5'-phosphate+= 7149} £-amino
7)ol ¥h-g-st 3, 7142 A F 9] &3} A7) Hol o] F
o] ol ¢ up-e-S fHgirle ¥ 3% gleH(32). DHA=
a-dicarbonylst§t &ol™, uk-g-Ado] ¥2 AT Lys
A719] e-amino7]¢+ 2 #3te amino-carbonylk-g-<ll
3 A HES QAT 4 A2 =& 71A collagen F
°] Hyl #7]¢] e-amino”] 22| ¥h-§-3lo pyridinoline
AA g AAE 754 < ot wWebA pyridinoline ©] ¢
o] g2 7t YA ol E #od ¥ 75 FE3h o F
g Fato] AWl sllA A7 vl & AR = &
o229 o tapAjelr).

o 9 M

olo

to = e hu

EAMCH|EAH H20lIM pyridinoline 4o
ojxle 25 #elmel HE

o] Aboll ] EAA uhS-S T sl A4 = DHAS 7]
o go] L AL Yehgtoy uhg 279 #43
AsA <33Fe] §-F-o 3] &3 A5 71908 A4F
A4 9] A2 2L 2 23S Table 69 et
Utk ErAE AsA2] 5 A g datdl Ajste 5
A4712] 81271 ohE g Al o] A Aol = AsAgt A9 Hl%
& A AL 7Y 74 $4438 vrehdcha o
84 9ok ErA-& 37F& 7 $-9} pyridinoline A4 %2
2Tl B8 oF 70% 2 AsAs) & AAEH}E Ve
Wl GSHE A 184S o 1.0mM o)) FxolA
pyridinoline A4 #-& 272 WA 2ol B33t
o] A& DTTE 713t & v} & Al ch Lysyl
oxidase Z9l|& cysteineo] oFv] %A 1,000 Z+7] ¢l o 5}
ek 30%t7] ZA3t o) disulfide Aol o8] &AVL
kA steichy Gl gleh(27). GSH 2 DTT9 &<
thiol 3}3HE-& cysteine ZH MDA ko 2A] AHS-5 o]
21}, B ukg-Ale] glo] A % lysyl oxidase®] disulfide
= Aksl= Ao o8 ALA ukE JAlElE AL

22 =t} 9, hydroquinone 713t & o pyridi-
noline A4 #-& 714 gt oo, 248712t hydroxy -
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Table 6. Effect of various reducing agents on pyridi-
noline formation of soluble collagen in vitro

Amount Pyridinoline  fromed
Compounds added(mM) {mol/mol) (%)
AsA 0.1 0.023 92.0
1.0 0.016 64.0
10.0 0.015 60.0
ErA 0.1 0.019 76.0
1.0 0.017 68.0
10.0 0.017 6.0
GSH 0.1 0.018 72.0
10 0.012 480
10.0 0.012 480
DTT 0.1 0.019 76.0
1.0 0.012 480
10.0 0.010 40.0
Hydroquinone 0.1 0.012 48.0
1.0 0.007 280
10.0 0.005 20.0
Intial 0 0
Control Final 0.025 100
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