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EFFECTS OF AMYLASE ON THE DEMINERALIZATION IN HYDROXYAPATITE

In-Hwan Lee, Jeong-Taeg Seo* Byung-Jai Choi, Jong-Gap Lee

Department of Pediatric Dentistry, Oral Science Research Center*, Yonsei Unsversity

Salivary proteins which are produced in the saliary acinar cells have been known to be
involved in the Calcium and phosphate metabolism. The acquired pellicle resulting from such
metabolism is considered as a secondary defence membrane against tooth caries. In this

respect, some proteins included in saliva probably play an important role in the preven-
tion of demineralization in enamel, On the other hand, fluoride has long been known to pre-
vent the demineralization of enamel by the inhibition of the growth of Streptococcus mutans
(8. mutans) and by the chemical reaction with calcium and phosphate, Therefore, 1 have ex-
amined the roles of amylase and albumin in the demineralization of enamel and compared
these preteins with fluoride in terms of anticariogenic effect.

1. The demineralization caused by §. mutans occurred slowly and progressively for the first

60 min, then the rate of demineralization was accelerated afterwards.

2. pH decreased continuously during the entire period of each experiment,
3. The demineralization was significantly inhibited by the preteatment of amylase and flu-

oride but albumin had little effect on it. .

4, An addition of 0.1 mM lactic acid (final concentration 0.1 M) caused a rapid increase
in calcium concentration reaching a maximum within 10 min.

5. pH decreased rapidly by the addition of 0.1 mM lactic acid and reached a minimum with-
in a few seconds followed by an increase in pH. pH reaced a plateu with 10 min.

6. Fluoride, amylase and albumin played little role in the 0.1 mM lactic acid-induced dem-
ineralization.
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7. A slow infusion of 0.1 M lactic acid at a rate of 5 #/min caused a slower increase in
calcium concentration compared with the bolus addition of lactic acid.
8. Fluoride had an inhibitory effect on the calcium release caused by slow infusion of lac-
tic acid while amylase and albumin had no effect on it.
These results suggest that fluoride inhibits demineralization by protecting the HA from
the acid attack whereas amylase has a direct effect on S. mutans to prevent demineralization.
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AZA $HoE B Aol Fe S
Fuket A A3 (progressively infectious disease)
o A, S E, B e] Jsaed 9
gt fEE Ol AR A XY A7 F
NN = Streprococcus mutans(S. mutans) 7} F DA 0]
H (Hamada £, 1984; Loesche,1986:Hamada %
Slade, 1980) S. mutans’= X Mol B2} Za @ A
A HZE AA oA g FEd F S
tanse Ao 5 o] HAE § glucosyl-
transferaseol] 9]8ld A (sucrose) S ZHE X T
F % A (glucose polymer) Q] H]444 mutan$
A8 HKoga 5,1986:Clark 2 Gibbons 1977). &
A9 mutand AN FA3te A7ty A
= 7MY, o|8A st A 223 S -
s AR oMo Aol HAA gelati-
nous mat?l bacterial plaque FE|E X|o}o] E43
9o SHELEN Rop2|Fo] wAE = I3}
Hol AL AFITHY B Ut o]H R op¢-
A F2A -9 cariogenic plaqued| = tiehs] &
& H2x10)4 Fo] TFH 9o, o] A7} =}
Fol T3 Aoz Fa)H 3 pHrY 55 ofst
2 Holx AxFQ Xolg @3N ¢ e Z
o] ZAJETE F pH 2ol 93 AA Ao
HHE S HFF ) g B} olojx WA &
3)7} Yol X|oh9-4] B Ax(caries lesion) 7} HAY =
£ Zlo]tHTaubman, 1992;:Cole ¥ Eastoe, 1988;
Houte, 1994). ©]& ZFo] Ro}-p-4152 Mol
ot A Astoln, 7)o AR S8 =
F, 2B A7) 23k Mt 7hA|So) o] A3
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o A3 B=7t AA AT, host factorZH 2o}
AHAZE AYL e g3l WE AFEs, a3
22 g2 Ry FHULE Befo] Aok
F 138E dbsle $8¢ AR H7E T 3ok
ojAY Ao AWHOE HolxpA o] &I
e Aot grle] ARAEoz B 27
o gAld Aoz AZHY, ddd: 3L A
oR-AF L A& F7EAC A7) WEl o 7}
A g 2980l BRH2E Ak A
AEo R Agsia gl

getr old AokgHFS AA sy At
o 7HA el olgHo fith Aoke4E
drar] A% 7P 712 AL AL 3
ZIAA L g AWE AAS e Wl 12u A
S22 PFol FART Lokt AA FofRAA
HEs7dE og2 Heol glon, A d7
(groove) Ut SH(sulcus) el S Alg& A A3}
T A7 B2 FFAQ Aoy oy
il #HE 2 HAL ool F2HAY, |
9, YA T, ohld AAFZEL 0|43}
of Aok¢-HE AAFLA ste A=7t JFHL
AT o] T B2 AANA 7MY ol

(Murray, 1996), 244 #3875 %o (Hamilton,
1977 Marquis, 1990; Tenovuo 2 Soderling, 1992),
R op-2]Z ddtel] 22 HE AL e AR
AZFA ) AT BAE AMS-EHA Rolo] A ulb
A& YehA 3he o] 28k 4% (dental fluoro-
sis)o] HAHTHE Q8 AFA A Wl (Brunelle,
1989;Ismail %, 1990:Riordan, 1993), A A&



Ae 29 TR U =] ALHT Yot
(Rozier, 1991 Horowitz, 1991), B4 8% o]9]d] )
o2 o] Aol 2% Ago)mg Aol W3t
PHES AAEE Xole-4 S dutslEE AT
7F Aol gow, AT A} S mutans A o)
Aol B8 glucosyltransferase S S8 BE
ARE W Aok By gol Zashe ASE )
e}, Aol Mo n R)o}9AL oure
F 5ol dFHATH(McGhee ¥ Michalek,
1981;Hamada %, 1991:Smith £, 1982). 181} S
mutans7} Al ARz FALE B9l F2E
7RI Qlof, o] ol tiste] A E A7} AL
@l AREAY Agste A4zAE BN 7}
s/30] AAIF o) (Ferretti 5, 1980;Hughes =,
1980:Van de Rijn 5, 1976), ®Y 83 0] x|o}$-2)
S AFA ALl deMe AR
o] FAHS-S s ds]opat sh= I O EA o)
g 4 At

ol9hzto] okp-2lE dquslElE k¥ Hio
Bl Z Bgidr Mole-4=3 ARy £Q
& A2 F748a I oH(Scannapieco, 1994). B}
A A ZAA s duldo) Ay Wb
calcium(Ca™) 3} ¢1(phosphate) TiAl Todalm o]
278 F4HE acquired pellicee Xo}$-4]8 o
Azl o) Wojgto g By 9lo] XA g3]9]
249 4 F 3uE el ghlEe) 248
T A B hld EAshs dAERE
2 S5 Asld} ddz FAF0 glon, 7}
7] O gYMozRY Ewgd 13y Ay
(Siogren’s syndrome), F74% WAL ZAL, S4 ok
& 5o (antihypertensive, antidepressants, antihista-
mines)(Valdez % Fox, 1993) S92 glgo) A}
Ho 7 Ru|5RA 9o ™ (hyposalivation Z-2 xe-
rostomia), 3¢} Fere] B qi7bz) As) A& 1
23 T BAl, $AE ot 9] EA)
€ oFlEH, Al#el tidt Zdex Zrhet
(Vissink, 1985;Fox %, 1985:mandel, 1989; Axell,
1992). & 42 I 24 fuid7t AV L P& &
2, 3H5ty QA st 73E M3 clear-
ance actionS WERNA 2H(Ericson 5, 1975; Mandel,
1979:Mandel ¥ Ellison, 1985;Ligtenberg 5, 1992).
I 5ol gl EX3E ohordt 279 gae

el
s &
T
=
=2
o
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B AL (antibacterial effects) S Ho)71% d7,
B Aol A FAHE RS 3= 24
T 7L 9o, gAY 75E AE gedsiyg
(Lumikari F, 1991). B%0] HZd& ggd &
Aske 22 gdo) &4 B3R glo] et
W e dig A7t 9id O AR BE
Aoke-AZ3te] AR T3 BEE AFAE
Akt #49] diate]l H3 et

o]} Zro] Eel Tl o] Qo] 77| FAMA
FA F831aL 11 GEo] thesIAIE Ely &
Aete WAL FA histatin®} acidic proline-rich
proteins 7o} Bt T Ex| gt @l d, o A
Aol &= A 3= T A (o} slysozyme, mucins, im-
munoglobulins), L8] 3 o] opd ¥z 7o
o2 7194 @A () :amylase, albumin, Zn-al-
pha2-glycoprotein) 2 Us 4 Ut}

HA histatin histidineS o] 4§32 I
A FL 97139 HEPRIZEA olstidA F2
HJ= U &%F ofabdelM e 8= =H(Oppenheim %,
1988;Sabatini 5, 1989), S mutans AY = B =F
of sl SFaAE 7R 21.2™, Porphyromonas
gingivalis®] hemagglutinationg 4| ¥+ ch(Nishikita
Z, 1989:Murakami ¥, 1992). =3 1% 24 1t
glgjole] ejgte] EAE= WS4 lipopolysac-
charidesE F3AA 57|14 =& F
(Sugiyama, 1993), Candida albicans®] A7z} 28
T JAT & e THE /KL i (Xu 5,

=
&
i

1991), ©|# 3t histatin®] Aot (bactericidal) 22 4

3t (fungicidal) &= FA8HE ol & histatino]
AA e AgA 1 28 FHAIAY T3
TE B3N] WEele dAXY guER
3 oY% histatin® FAAHAAN G55 (ac-
quired pellicle) 893} A3]3} Ao 7)o 5}
(Oppenheim, 1989), WB]THA| E(mast cell) ZH-E
histamineo] ¥ EE A& go} 2AGHES o
Adhe 71%5% 72 ItK(Sugiyama , 1990). 3
H proline-rich proteins(PRPs)+& ©)Z(heterogenous)
9 AZ FAHO glon, 7FHA SHAA
acidic PRPs= Ca*'3} 733HA| 235te] =] 2 (pel-
lice) & &4, Bt Ca™ AR, B EAY
Al 58 83} ) qH| F-akste] T2 A%t
AAE ot apatic crystald] A JA g}



(Bennick 5, 1983:Aoba %, 1984:Saitoh %,
1989). Histatin®]\} acidic proline-rich proteins ©] <}
o o FHAYdx EAf3l= el A A= o
EHO R dathering & 4 U=, ©]3}4, otshA,
2]F Von Ebner's glandilME 2vlgu, 94
A (labial saliva)oll& EAI8HA] F=tH(Hay 5,
1984; Azen =, 1990). J18]% statherin® acidic
PRPs9} vR7HAZ eldu] Zg Ao Tols)
=t (Hay £, 1988;Raj 5, 1992), hydroxyapatite®]
ol E&H statherin® P, gingivalist} Actinomyces
viscosus 59 WAES FEo] o 2 dojuA 3}
o (Amanno %, 1994), B HA R © Z A statherin
FRERY §8FLT 7)o tH(Douglas 5,
191). ¥ mucine 2E Fo HeA (visco-elas-
tic character)-& Ho3= @¥aAZ (Bamer 2
Hirsch, 1978: Watermann &, 1988;Van der Reijden
5, 1993), glycosylation® ] $17] @&l protease
o o3 & RaHA 2b=TH Scannapieco, 1992). w}
24 mucng P Bl 9% duld 23 2eg
AAFeEN NERT, FE2ES 39, o] 2d
g4, FHEEY AE FANIeHE B
o} 3HH(Levine 5, 1987: Tabak, 1991). o]¥ol &
XF ol Aol = gl dats 23
A, T2 9% v goh} vlolg Ao 93
HARNZHE S B3] A oy 2
Fo S FEs AAEZE /AL UdH(Abra-
chamson, 1988). o¥ ©ld EagA & 5 g}
A £A3E cystatin(cystein proteinase in-
hibitors®] 9F)& mucin?t V7R 2 Gl A 3
e A YL, XeHoly AFAF e ¢
SRHAl U O] cystein proteinasesE AFHEHO.
EX blolgl AR REH 2AE B F4. E3
cystating HA1H A G X9 F43) AEE
3= 98-S & ¥ olve} hydroxyapatite9}t 2%
st 5o Ao #Hoj3H= 3 hydrox-
vapatite®] 24 43& A= gt

o]9] AL FHHE a-amylaser B
of wj-$ FF EAE glycosylationo] HolE &
g =Ho A &2 g F st e A
o]atA ¢] 7 100-2600g/ml] amylased 1) 3}
2 Stk oje|g amylased] EASloll= Zgro] ub
EA B83 2 AR (starch) 2] a 14 2FS

=
[S]
9
ks
=

z4
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glucose®} maltose EE|AA B2 F
ZAA7IE 988 a3 st T amy-
lase= ©]¢] ofe A $4E gA s
3} E£3] Neisseria gonorroeae$}t Legionella pneu-
mophilal®] F4JA EFe Avhs RIv Yot
(Mellersh 5, 1979). =3 amylase™= B2 &
3 9A &, Ca'# etA Agdte] 3 (pellicle)
£ ¥4, e G IARAL BEAYA §
A3} A FH| FHete] F7]2 e AR
gto} apatic crystal®] S JA@orL 3
5t 714 oFA7EA] WEHAA 2 Aol
ojepzto] Xol9-2Fg FRATIE QRICEE
host factor24] *|o} @ €} microflora, 123 7]
Z (substrate) -2 S4E(diet) 5ol T o]
29 A3 g 93t Xopg-2Fo] WAL}
3 deA o e 71K digtdxE B2
2 Qo ohgk AJop-2159] £ 7] ¥ (initiation)
oju} ol X8 &X(rate of progress)7} A7k}
F$¢] ZA(environmental condition)l] W&t 23
He ACE Hol Bl W host®] Wo]7]%(defense
mechanism) 8] ©]/¢o] Xol¢-2FE& fids o
AR 4UY 7FeAol vl 2 ASE BAMH
t} £3) elY-& mineralization® demineralizationS
FEE  J= T+ (mechanics) 2, ElY 2] AE)7}
HA etz ATk A9t et HFAT {ARS
B4R 7E F 229 (892 calcium phos-
phate® ¥ 3tEo] 7] WE), calcum
phosphateol] ¢J3ted FEshE|o] Qlof, HFolAR
el A&A2 2 jong Fa3dtl Yo ey
bufferel] ¢]3ted pH WES ZolEth I¥AT g
4o oldt & g A 70 A
o8 g MAAzdA FAste tlido] AF
calcium} phosphate thAL #addln o] ZHE] &
¥ = acquired pellicleS X o}$-2]-S A &= o]
at wojete 2 By Q) tHScannapieco, 1994). o]}
2ol HIZY FPHIY e ] ArAHAE F
Yoted B of X2 €39 FEHQ 9 F 3
Uz gl dhFe] 248 & 4 gloun, o]
el A o] A2 gl RE Age AF 73 ¢
A 2HE ggo] 7] Wil e oy
o] Xl &30l ZFPHORE o JFE A=
AE H9s] Wzl v gt} H&o] Xjope-A%

=20
ST

o
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o MA7)H £ @ # 3] (demineralization) 3
o] ozl e A THEolR] §7)4ke] WA
B AFE 53 Faso] gL Waa
A3 N hat T3}, pH, A& So EFZA
SfollA BHZ9) 2714807} doJUHA DCPD(di-
calcium phosphate dihydrate) 9} &3 Balg 4
AFBFR1 314 (fluoridated hydroxyapatite) & 343 S},
FEHZY] FAHQ HAIFBA I SAHE 7| Ako)
thermodynamic driving forced] o8] WEZ -
o] ST Wapdo] gajE T o] LaaEe
THA] S &ate]o] 3320 FEA ] AAL 9o
# ol &t A} 33 remineralization) 7} Ho} Ew=
o] AASA HAXA HE Ro|th(o], 1992).
ojg} o] Xotp-a e WA e w39} A Bs}r}
AFHLE dojubs Hgolng gl w9
QL2 949 F7Hx) SHX EHo 7 3y o)
Aok & Ao AAET

wetA B A7 E etz

FE 5& Ca2+ sensitive electrodeS 0] L3}

BU2EA, Beda Bae) 27y Ea)3)

#4998 2RHIA B,
LAY RE 3 e
1L AE K2

HBE] FAEQ sHo| =2 A) o} ulelo) E (hy-
droxyapatite;HA) = Chemika(Switzerland) ol A]
TA3A L™, FelE spheroidal A 008-020 mm
2719 HEE AMEHT, 7Y F 24 Edo)
AT LHERE AAS 98 2-3 2 =
FrE AR F dAZ7 A gkl AZA AT

NaH:POs, NaHCOs, KC|, MgCk, CaCk, sucrose 5
< Sigma(St. Louis, USA) oAl FYate) A5ty
oo, B dATA amylase, 1287 932 &
HQl lactic acid 94| SigmadlX FY&ATh BA
+ NaF(Sigma) & AM&34it}

S mutans 3¢5 S8 Y(KAISTHY &
AFFAT 2NN B wS KCTC 3065(ATCC

o i
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25175) Brain heart infusion(BHI) HAu)=]o]
Fahed AP AL

2. Mg ah
7). e 3 A A
q}})g x.]]zy_ Al L.

24T 2 re

Z4o] FYs £ (FE
A Bl F FU3 A
ZAE M 8AE AxddA AL EY
NaH:PO: 55mM, NaHCOs 25mM, KCl 207mM,
MgCl 03mM 52 EFAIZOH o L
30mge] HA beadE H7HH ¥ A Ho) mdds}
Qe [ £ Ca* FE7} 0lmMe|EZ
CaClk 0.ImM=S £HW ZIX AT L3 S mmtgns
o QA o] B} fA1E SAelA shsst
£ sucrose 5% (W/V)E H7MA AT

Y. 8. mutans®] ¥ 2 spectrophotometerdl] £]3}
8. mutans®] A 23}

1) BHI(Brain Heart Infusion) Y.&Wj=] 2+E7)

BHI powder 111g3# agar 6g& YWY ZF5E 9
o] F £40] 00ml’t HEE § ohe Z E3fat
T o7l 2AE9] pHE 7471 94 89 15
718}, 121Coll A 2087 EF718 o] &8t A7
4t B & v petridishol] E7)7F glom ©
o2 W] Fe IHZ dry ovendl| A AZAIAT

2) S mutans®} W} 2 AT 23

o455 3714 (aerobic condition) o] A] Bl =] o]
EE3t 16 A7 vl F 4 Coll BAHO] Y=
Streprococcus mutans KCTC 3065(ATCC 25175) &
AW 3] colony s WA AR o] T @ale]
19 AIZF vl FTE, AxulR ol A vl 3 2,000pm
A 20 #7F AR E NdsEH o) wixE
A #TE A7) YeiAT QAR 2K
FFAE AAG F, 3L on d4¥E 80%
glycerinel] & %¢] B+ @ BHIAE £33 40%
glycerin BHI ®jA]ol| Ak £ 3¢t 1807
Y & 3] pipettingsl) microcentrifuge tube
1} eppendorf tubedl] 05-10m EF 3o - 70°C
o Bastd, dojeo] #& AEd F yAujA o)
T e 0d 95E FAdrh

HFE 7o A7k mE BAHEE 28] 9
gt 7o AT S-S AP THFig. 1).

3) NdT &4

A#S 4C, 12,000rpm(Jouan high speed cen-



trifuge) Al 1087 A4 Ed & 4Z4E ¥
2 30mie] it Q14FeHE &Y (phosphate buffered
solution) 2. & clean bench WollA MW #1335 &
spectrophotometer & ©]-&3Fe] Al F9] optical den-
sity(OD) 28 §2% 60nmolA SHA. 7
S TAAHLE XN F 7+ A wjR] FEe
w2t Y FS HE vhy oAl ZAR| ) EEE
o 4% cdony NS 543 AAA F&
o @& OD, 3ol R¥Fo] TEFAL SAAA
OD. ol W& #4& AZFsAch(Fig. 2).

o}, el A3 AT S muansel] 93 5
H d3d g3o) vX= &%

1) #7329 (mouth model) A&t

HA beadd|X frel=le 249 %43 pH WsE
ZA3%7] 98 4 FRERDE Az XY
o] TYole ¥ Bt 3 HA, T3 S mutans 5
o] AAE F U 4FF Y chamberE TEIE
Bl chamber®] F71= W7 36cm ¥l 6cm, F &
2 60mIZA acryl2 A &eQom 7oA e
o] 31CE #AE7I1 98 B¢ &7 (thermo-cir-
cuator) 7} FHAEHEE o U EYTE VE
3, o] B9 Eodro Aty ) 44
L7t RAHES 9 ¢ AR Y S AN

12 1

E
1.0
0.8 1
0.6 -

0.4

0.2 1

Q 'y T T X} T Y T v T T 1

10 12 14 16 18 20 22
Time {hour}
Fig. 1. Growth curve of §. mutans.
The number of §. mutans increased as a
function of time and reached maximum
within 19 hour. Averaged data are plotted
as mean sem.(n = 4).
O.D.:optical density

340

w7) Yol YAIEE 3t AFErA I APA %
o] #Y&A Aol=E 3HTh

2) 99N Za w59 pH Wty 53

Chamberjol A f2lsle 259 4} pHE ¥
3= ORION(E4 920A) ion electrodeE ©]4-3}<]
23195, 22t caldum electrode$}t pH electrode
g AMstglth HASH &9, 4 2] Y lactic
add 59 U HOIES 37 sl 4R
AL chamber Woll ¥Z 3AELE dAA &
ASEE Ytk fE BEH Tl Hie
electrometer®l| A physiography (Biopac)& #3Z &
ol 2 1-tJXE W37 (analog-digital converter,
A/D converter) & %3} personal computer(PC) 2
AAHEE slo d£FQ FEdE w59 ¥s
2 ASE 7 JTE Y 7I5E SAZAT A
P (mV)elBZ Ca*Y FE(mM)E $bst7] 9
a4 <lFetd Cca ¥t 01, 05, 1, 2, 5,
10mMo] HEE 32 o) ¢ mV gS 7153
FFZNE THED ojf TEoi M3 ALY
< o)&3lo Ca* wEE AAtstH(Fig. 3).

3) Amylase, aloumin, E27} . mutansol| 18] 5
T ¥Egd g3ld nxs 23

AP (el o3 BFsHE SomuansE £CON

0.6 4
. 05

0.4

02 -

0.1

0.0

T T

] 2 4 8 8 10
Cell count (X10%)
Fig, 2. Calibration of optical density as a function of
cell count.

S. mutans was prepared with serial dilution
and optical density was measured at 600
nm in the spectrophotometer.
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Fig. 3. Calibration of mV values as a function of Ca2+ concentration(mM).
Ca™ concentration of artificial saliva was stepped between values from 01 mM to 05 1,2 5 and 10
mM. In lower pannel, the values of X-axis were converted to log values.

A 12000 pm O 2 1087 AR F Qe
PO 2 HAIAE, o] #HL 23 A3
A 732 chambero = Q1 F el
HA 30mg, 18137 amylase® 93 2087+
o HHPGE 7} I FARNEES 7|ThA &, H A
7b 9 Tl 23S AAE 50ml FH Q)
N S mutans®| Q3 2-33# YA pipetting 3}
of ol ¢d3] Qo|EZ F TS chamber2 =
AEHA FANZA D BA HA, Q1T Bl L9,
32X S mutansTtS chamber Wol| Y7 244
Fe S BEZOE B0 H, amyheE 2
AT F DFRE%S ASso dxzd B4 v
239t &9 abumin ¥ 2AE Aol X
BN A S mutanse)| 93 FEH HA &3]0 n)x)
© 9% 2 Do pHe HEE B 23,
A3 o

4) Amylase, albumin, ¥4 7} lactic acidel] 28
+=¥ W22 g3 vXE &3 0IM lactic acd
004E LAl QFEtAo) HIINNAL W9} 01
M lactic acidE <1FEld o) F <3 = (infusion
pump) & °}-&3te] A|Z+A o) whel B 54 A
MA 8] FAUE wol AZEr BHEEe] W
39} pH| WshE £33 amylase, albumin
R ELE ATEH] EFAA lactic acid Fodo)
o3 FE HA €3]0 o]Eo] ofm J3e n)x)
<A £33

o

oz
10
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3. Mg xiEe 24

2 bR o9 EAE HEFPRYS A5
¢l Mann-whitney testE& Al3stgom P 7k 005
A5E SAHOE ol Aol2 AHAAT.

I A

09

£

1. S. mutansOf| 2|St HA bead2]| Et3]

AFTEFA T} HA beadE THEY oo ¥ o
AY S22 Ho|FWA pHE ZAEH 662
002(n=16)2A 3¢9l 73 pHe} v &3
s Btk oF 08 F SmuansE Lo @
oAFw A pH7F A Z4dh7) A1Fske 150
F FolE 478 008(n=4)9] T@IAoH L)
BHELE S muamsE T 3 AR =)}
o ALol 01mMellA 608 FollE 050 037mM=
Z7HIAL o] o]F RE U WE &L 2 7))
o 1508 T & 327 028mMell =939 tHFig. 4)

2. 24, amylase % albuminO| S. mutansOf| 2
8t HA bead®| Et8|0f| O|X|= A&t

HA beadE E33t3 U AFEAU o S mu-
tansE 27) Aol B4, amylase FE albuming A
At e ol Gyl pH € ZgFholes &
HEol gt B8 AXNAIL S mutansE
YolFw S Zgrirt kst 2l B
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Fig. 4. Demineralization of hydroxyapatite caused by
S. mutans,
Ca™ concentration measured in the artificial
saliva was used as an index of the amount
of demineralization. The amount of acid
production from S. mutans was represented
by the changes in pH.
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Fig. 6. The effect of amylase on the demineralization
caused by §. mutans, Amylase inhibited
demineralization from 110 min after the ad-
dition of §. mutans.
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Fig. 5. The effect of fluoride on the demineraliza-
tion caused by 8. mutans.
Fluoride inhibited demineralization from 110
min after the addition of §.mutans.
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Fig. 8. Demnineralization of hydroxyapatite caused by
bolus administration of lactic acid. 3004 of
01 M lactic acid was added into 30 ml ar-
tificial saliva, Ca® concentration in the ar-
tificial saliva increased rapidly within 10 min
followed by a slow increases. A transient
decrease in pH was observed followed by a
slow recovery. pH values reached plateu in

10 min.
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Fig. 10. The effect of amylase on the demineral-
ization caused by bolus administration of
lactic acid. Amylase did not show any
significant changes in Ca** concentration.
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Fig. 9. The effect of fluoride on the demineraliza-
tion caused by bolus administration of lac-
tic acid. Fluoride did not show any signif-

icant changes in Ca* concentration,
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S n)X) A 231429 (Fig. 1034 11), 8425 A
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22 S BHYou EAH0 T 83 a9
£ ol A Hn=4:Fig. 9).
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Fig. 12, Demineralization of hydroxyapatite caused

by slow infusion of lactic acid.0.1 M

Lactic acid was slowly infused at a rate

of 5 #/min for 80 min. Ca"* concentration

in the artificial saliva continuously in-

creased. pH of the artificial saliva decreased
progressively.
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Fig. 14. The effect of amylase on the demineral-
ization caused by slow infusion of lactic
acid, Amylase did not show any signifi-

cant changes in Ca”* concentration.
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ization caused by slow infusion of lactic
acid. Fluoride had an inhibitory effect on
the calcium release caused by slow infu-
sion of lactic acid from the early stage.
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