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Brij 35, 30% bis — acrylamide(electrophoresis
grade), sodium dodecyl sulfate(SDS), urea, p-—
aminophenyl mercuric acetate(APMA), bacterial
collagenase, type I collagen-2- Sigma3]AHUSA) <]
A& T3k AH831913 °H - propionylated
collagen, vertebral collagenaser= New England
Nuclear 3}AHUSA)9| mYARFEAL HALE
& FHEl AMEst . =3 7R ok
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R RRELEEIES

*H - propionylated — collagen(specific activity
10¢Ci/0.166ml, 1.3 X 10°dpm/3.34g/101)) & cold
collagen(3.5¢g/10) 3} 4o} 10Wd 22000dpm 2}
WA S 2T 3% 30ug7t A 2A3BSI -

@ ZAAFNEAL FHAA

EF YA %3] & A(bacterial enzy-
me(Sigma Chemical Co.,USA), Tad pole
collagenase(NEM Co.,USA)E 1pg/mi~1Ing/ml
2 3 A3}l collagenase assay buffer(CAB,
50mM Tris —HCl, pH 74, 200mM NaCl, 5mM
CaCly, 0.05%(v/v) Brij35, 0.02%(w/v) sodium
azide) 9} T4 10 [PH]collagen{22000dpm) <
22°Coll A 3~24A17F WS AIAH. WHEF
12000xgell A 102-7F A4 F|AA 1042 43
AL He] 4ml liquid scintillation cocktail
(Enlightening and Enhance, NEN, USA)& &
%3t F liquid scintillation counterol]A] WFAAL
L 2Astgct. EA8A L % digestion
=cpms in supernatant/ total cpms added) 2
2 AHEg .

A2 7Y EAFHAMEE A 4
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strip(Harco Co. Canada)$ ZH3A}l=t 4%-¢4)
A A&dTFW Imm7bA] AHYEle 3RF
Periotron(Harco Co. Canada)el] A/ k(1
unit=0.0054)-% 233 F 0.5ml microcentrifuge
tubeol] ol WF RIS 27 2 AT
2] 23 7942 Periotron unit 1005+$1% 100ule]
collagenase assay buffer(CAB, 50mM Tris —
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HCl, pH 7.4, 200mM NaCl, 5mM CaCl,,
0.05%(v/v) Brij3s, 002%(w/v) sodium azide)
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oA A1t AP t® gelE 0.125%
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levels, DT 2851, Data Translation Co.,USA)Z.
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A AFTEHAA e A2 TY £%
=5 F3lo A s
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1-[ a chain]/ [ @ chain + 3/4 @ chain]
total enzyme activity=

=
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enzyme activity x gingival crevicular fluid
flow/min x dilution factor
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Type I collagen-g- 0.05M acetic acidel] -2} 3}
Ao, YA LH L FaFo npeutralizing
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buffer(0.IM Tris —HCI, 0.2M NaCl, 0,04%
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Al AY7) AFH22 A HE A} F oF
8740 g8 12¢1& AAI}AG O AFF
ofo] wiwidl iz}, @ g Ex 1 o]AFe] ¥
oA 2mm o] A48 XF2A FF AFA(loss
of periodontal attachment)o] ¥ AL @
AFdoez 7t dQe3t Ak HAA St
AAY FA Y7 FAAE 43 A$e
ujj A 3} .

74 Bl heel WA Askct

@ 4FAAE Hol3 A2xA f 9 5
AAPFE Hole ot AFgopelny
Aeds @ AFE FAHA EAe] 3
2 A3§A] B A(progressive site)

@ AT FAR AT FolE Ko
A"t FHA G50 U FAAYAY
Aol AAHA o G
(comparably stable site)

® A4 F7} 3mmu|ate] T F-FA A ] ¢l
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o A3 A2 434S AR

@ LuAHAY WAL ES
7+ B (3 HA 33D ANA o AL
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@ A ejA]$(Silness & Lbe)
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A me] 2dd AN o ANE A
73k gLz Ny e AxAF
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AFHE 9792 1.0ml microcentrifuge
tubeol Fol WA EAXAA -
60~ —70°Coll A §5 B33t

@ A9 +2¥ A4 (Milhlemann & Son)

@ A% Bl Y AFER AUE 37

® FHYAMIARL ed FAH WA A
#s

@) X2g7H RA Bilgs §N HA

AedFae AAF UALelel AAI
o}, X5 Periopaper strip2 20042] CABE
Yol d74E 323k Spectrophotometric
collagenolytic assaylS o] &3l ZHAlslglL
o d7dd BAEAY-L umnit2 A3

@) EAIX

% gl A RSN U4 W A
Babd AAR wEE Ad Eely FTY
= AR 449 HFEAH F nonpaired
Student —testS A3t ct. =at A3 Y=
A 9 o] HEo #3 el AAE
AdMEe AFAS APA el s wYAaAL
A %] 9] sensitivity, specificity, overall
agreement S A 3131

diagnosis\>s  c'ispase present disease absent
detectable True Positive(TP)  False Positive(FP)
indetectable  False Negative(FN) True Negative(TN)

Sensitivity= TP/ (TP+FN )
Specificity= TN/ (FP+TN)
Overall agreement=(TP+TN)/total
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assay
Bacterial collagenase: 10#g/ml®] FE2Z(Al
A A o 1 100mg/10d) 3417 F%
ARE o W ARAAN 0%e] BAo)
gAH520, Eage] vHEA] 86%2] v 5
ZdAEHE EH4g. ud
collagenasegl tad pole collagenase™ 2 —104g/ml
(WA 20~100ng/104) 9] FEZ2 2447k ub
2A] 121-189%2] mYAEH A S W)
Al A2 wiF AYAE 0-34%9
&S Bgon, F EAEAHE o9 fA}
st
ab& o) o] "7 FH AAl bacterial
collagenase: 24A|1 7t ¥ YA & 43| H3)
gted GAE band7} [FEFHZA gk} Tad
pole collagense(10pg/ml) = 24A) 7+ F type I
collagen @—chain®] 3/4 «—chain® 2 3 ==
FAE FA3H S densitometry A A
13%9) TRALABHL B VR A7
Az A 2EFHuEHA A E type I
collagen a—chain®] 3/4 @-chain2. 22} A 3A}
2 2R YA albuminol AR o
Lane 1 2 3 4 5
200KD

974

vertebral

& AT £ gle] AFARA X 2gFAY
dAge F2A4L 98 £ dd-h
Densitometry -4 A A 4 9-125%, 2854
B4 438-531%% velle] AZHe) wiAlA
Aol o3 AM e A elsiol(Fig. 1).

(2) Spectrophotometric assayoll 2f#t &4
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FAEE TEo gt AYAAE Jepy o
365gu|ate] s EAME AT FREE F
A &hH A plateaud vhefblio] 1 o]Ate] E{]
AREA TYAFHEAS FHE A YA A
F AT 4 9k

2-2) ETAYARHEL] A

FAZA 2 bacterial collagenase®] 7% vl-&
AZre]l ZAFE Frise] 154 AFHFol=
0.25¢g, 25X 7t 7 3ol = 31.25ng, 354 7H3o
+ 1563nge] ] =M 713 (eF 3pg type
I 293)E A9 o Eajsisch 84 Ax7}
5 HdeEE ZE uhS AIZtelAM kg 84

TE HAAY Ing7HA 2 EbS.
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Fig. 1. Gel electrophoresis using 10% Laemmii gel of cleavage fragments of type | collagen by standard collagenase(Mwt
marker : lane 1 and 11, Collagen sustratellane 2 and 8, Bacterial collagenaseilane 3, Tad pole collagenaseilane 9
by enzyme of 6ug/ml, and lane 10 by enzyme of 10xg/mi) and GCF extract{lane 4 —7). The collagen substrates
were incubated with enzyme solution for 24 h at 25°C withoutflane 4 and 6) or with adding 1.4mM APMA(lane §
and 7). Note the collagen @ —chains and their 3/4 length fragments, and also the serum albumin band.



Calibration curve for the absorbance
at 570nm for collagen content

0.5
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0 20 40
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Fig. 2. A freshly neutralized collagen solution(800mg/ml) was diluted with assay buffer, on ice, to give a range of collagen

concentration. 504 aliquots of each solution were gelled, washed in microwells, and then stained, and the Absw was
measured as described(Y=0.00984X + 0.00895).

Table 1. Clinical features and enzyme activity of GCF sampling sites

No. GCF flow probing depth active total ratio of active/total
group site (30sec) (mm) enzyme(mu) enzyme(mu) enzyme activity
Progressive 21 119(7.9) 6.4(0.4) 13.5(2.7) 15.8(3.1) 0.90(0.05)

Stable 12 63(95) 5.7(0.4) 34(1L1) 6.9(2.6) 0.52(0.12)
Gingivitis 5 97(17) 2.8(0.2) 74(3.1) 17.0(2.2) 0.53(0.23)
Healthy 6 51(11) 2.8(0.4) 1.7(0.6) 5.2(2.1) 0.53(0.18)

Values are mean(SE).

Table 2. Statistical analysis by ANOVA and Student t— test

group GCF flow active total ratio of active/total
(30sec) enzyme(mu) enzyme(mu) enzyme activity

ANOVA e * ND b
t - test P)G ND ND ND e

P)S xk * ok kK

G)S * ND * ND

SOH ND ND ND ND

G>H * * *% ND

*** p0.001,** p<0.01,* p<0.05
ND : There’s no difference between 2 groups by nonpaired Student t —test at P<0.05.
P : Progressive, S:Comparably stable, G : Gingivitis, H : Healthy

3547} HF-£3F bacterial collagenase & A EA 15.6~31.2ng7}=] 2] #Ae] <A =gl Hig
2 Sigmarle] FA(720U/mg)ol A= 1~39ng  tad pole collagenase®] 7-9- 625~125ng7}pX| 9t
7Ae] EaBAel AAHYTL ofE A BA o] AAF ] bacterial collagenaseFAd el ¥
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F A d9dzENAS AAFL
EE o7t g ALE vetoy F 14
7toll= Student t-testA] A X]FH 471 oHA
Waka @A Jepd gL e &
AR FH kg B vebdon AFge] 2
At A E Wae ARFAS AY fARE

T 6T
Z2HEAHA L B} (Table 2, Fig. 3).
DAY A 2G T fEFe] E4F

49 & Bag4el FAn(FE 4) AF
¢ Aoly EagAe ¥ uhgt 43S n)
A A ekekeH Fig. 5).

3-2) AFAY AT Achfoze] f45

TYULHES BAol VPELY Ae
HE2 F43A Y18l 38l specificity,
sensitivity 2 AbE3dlgth. FA YA EHEA
2] BA 5-12mue| HALFEANAM sensitivity =
57.1 -80.9%, specificity>= 69.6 ~82.6%, overall
agreements= 705~75%3 2™, SmuE YX|(A
987 + 2 SD=4TmU)Z H7}A| 77
80.9%, 69.6%, 75%2} +2 8 X.od specificity7}
2 7S b e (Table 3).
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. 3. Comparison of collagenolytic enzyme activity according to the periodontal status of the sites.



r=0.657(p<0.001)

Y=0.15505X - 5.8609

r=0572(p<0.001)
Y=0.15505X - 5.8609

r=0.332(p<0.05)
Y =0.15505X - 5.8609
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Fig. 4. Scatter diagram for the pattem of enzyme activity according to the GCF flow rate of the sampled sites.
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c) ratio of active/total activity
(r=0.130, p)04)

Fig. 5. Scatter diagram for the pattem of enzyme activity according to the probing depth of the sampled sites.

Table 3. Evaluation of the diagnostic value using active collagenolytic activity for periodontal disease activity

threshold level sensitivity( %) specificity( %) overall agreement(%)
12mu 52.4 91.3 72.7
10mu 57.1 82.6 705
Tmu 66.6 784 72.7
S5mu 80.9 69.6 75.0

2 o] 83 7% sensitivityr 71.4-90.5%,

specificity= 58.8 —65.2%, overall agreement
65.9~72.7%2 eyl 0.8(AW AR +

28E=0.77)% H9HZE o] &4
652%, T27%Z Jehdo] specificity7} <7+ @ x| 7] 3>

z+7zy 85.7%,
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Table 4. Evaluation of the diagnostic value using the ratio of active/total collagenolytic activity for periodontal disease

progression
threshold level sensitivity(%) specificity (%) overall agreement(%)
0.9 06.7 65.2 65.9
0.8 85.7 65.2 72.7
0.7 85.7 60.9 65.9
0.6 90.5 56.6 727
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stz s ZAeldh o] HAL WY F
S Zxto) e Ao AkE B
22 ol A AT 290 §T A
Arole} Q430 wwA HAstel A4 el
FX s AFe] 7153} Fluorometric
collagenase assay©|-§A]ll&= Chromophore?} 7
ARA) #(crude sample)e] E3FE 4 gloem=z
Ao G v F AU ol o

E AA gaMe AFHFE 48
spectrophotometer”} o] -8-E A%t o7 AR
T P EAs 25" A A glolA
N zo] EHIsl 22 R <XE 4 9l
oz Zldstd e, YA ok 35~5ugxte]
E SA oz wHrbedle] ZUA R EA
g4l ¢] SmUoIAel AFAARE 1647 w %k
g Follof SebH22 AR 4 gl ubd
F U RHFELTAHY FHAL ol &FHE
Azocoll(Calbiochem Co. USA) HA ¥ oA = tt
) Ra E Aol o3t A A urEA Eel npe}
ZA5E oz FAIMKNEE SohHo=
B e folst oy, EFEA 84S o
£3 BN ndARNTAHY uFEs}
Nethery2] Hp#?ol] wl&] w4 3= o] gle]
PR EALGA 9] Hrloll = FA 3

QA PAELBY DG ANVE
(Detection limit)el] ©} 3} bacterial collagenaseE
o] 83 79, NetheryS®, Johnson— Wint? -2
10ng, Birkedal — Hansen®} Dano®”% 1ng,
Levenson™ 75nge] 82 Hislgd=d £ o
Fo| M= Sigmarle] MFA YA EHEL



(720U/mg) 1~39ng(14-07mU), NENAIS] &
AF 156~3l2g7tA e BAE AT F A
et old wlE HFFES] EFAYAFLIAE
ol B8 AR TE Nethery5?e] 7,
crude sampleol] Al 1641 7F%- 60pg o2 R 113}
=d R oA tad pole collagenased] 74
625~125ng7kA 5t BAe] <l He] AlFA T
YARNE2 w8 =T} W Aoz
vlelytol, vbgoll Collagenase assay kitE o] 4
g} radiofibril assayA] MF(3A17F ukg) 2 A
FEE(UNZ W) TAFRAELEY <
AEE Mg =2 FAHAH &4k $7F
of wtE ub-gAre] 712717} ¢ @kt

Spectrophotometric assayZ ol i3t A& 3k
A9 oJ3ko 7 SDS, CH:COOH7} E48AE
A st Ao JePgil collagens 3
microplated 15+ o] A A=A el A H3gt F-
AHgsle TR E el o3 g8 =rt A
Ssion oS a7 A Nethery S,
Johnson —~ Wint?' & HZAH| 2 Fx ¢
assay bufferZ ¥71ste] B3sl: Ao frels)
o shlck

2 Aapge) gARoEA ARY £ Qs
Aoz YA Agshe HRAE(FA
QD S8 GAA JFE VL F 9o
w2 Age) FAARA 49 Telder Do
ol2]3} of ke W RHFAE AHoR o
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— Abstract —

Collagenolytic Activity Of Gingival Crevicular Fluid In
Progressive Periodontitis

Hyun —Ju Chung
Dept. of Periodontology, College of Dentistry, Chon —nam National University

There were many reports that elevations in the levels of active and latent collagenase in
gingival crevicular fluid(GCF) have been correlated positively with periodontal disease
activity. To provide a simple diagnostic approach for testing GCF collagenolytic activity,
the detection limit of enzyme activity was compared using radiofibril assay(Sodek et al.
1981) and spectrophotometric collagenolytic assay(Nethery et al. 1986). The detection
limits of both assay for standard bacterial enzyme were similar and the radiofibril assay
showed a little(1/2) lower detection limit for tad pole collagenase. To evaluate the
relationship between periodontal tissue destruction and the collagenolytic activity, GCF
was collected, and latent and active enzyme activities were measured by a
spectrophotometric collagenolytic assay. Twelve subjects showing progressive lesions were
selected according to the presence of immediate tissue destruction, frequent abscess
formation, and increasing need for tooth extraction, and the absence of underlying systemic
disease and previous antibiotic medication history within 6 months. Comparisons were
made between sites with either: 1) inflammation with a previous history of progressive
loss of periodontal tissue and bone support(2]1 progressive sites): 2) previous history of
bone loss and periodontal destruction but now clinically stable(12 comparably stable
sites): or 3) no loss of periodontal tissue and bone support(1l control sites including 5
gingivitis sites and 6 healthy sites). Active collagenase activity was the highest in the
progressive sites and decreased in the order of the gingivitis sites, the stable sites, and the
healthy sites. The total enzyme activity was 2~3 fold higher in the progressive sites and
the gingivitis sites, compared to the stable and the healthy sites. The ratio of active to
total collagenolytic activity was twice in the progressive sites. Analysis of active
collagenase level(5mU) and the ratio of active to total collagenolytic activity(0.8) as a
diagnositic test indicates that these measurements have the sensitivity of 0.81 and 0.86,
the specificity of 0.70 and 0.65, and the overall agreement of 0.75 and 0.73, respectively.
Thus, this me —thod has significant merits as a diagnostic tool to determine wherher the

site is in a state of remission or progression.

Key word : disease activitg collagenase, spectvophotometry, gingival crevicular fluid.
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