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Effects of Diphenylhydantoin (DPH) and
Lipopolysaccharide (LPS) on Cell Activities in Human
Gingival Fibroblasts in vitro
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Abstract

The effects of diphenylhydantoin (DPH) and lipopolysaccharide (LPS) in culture
medium on cell proliferation and several cell activities were investigated in human
gingival fibroblasts.

The cell proliferative rate was not affected by DPH (5 ug/ml) and LPS (E. coli,
25 ug/ml) in culture medium. DPH increased the total protein, hjdroxyproline content
and alkaline phosphatase (ALPase) activity of fibroblast cultures as compared with the
control. LPS decreased the hydroxyproline content and ALPase activity and increased
acid phosphatase (ACPase) activity of cultures, but no effect was seen on the total
protein. On the other hand, the level of hydroxyproline content, ALPase activity and
ACPase activity in DPH+LPS-cultures were also the same as those in LPS-cultures,
whereas the total protein returned to the levels of DPH-cultures. The changes in weekly
increase of hydroxyproline content of fibroblast cultures were associated with the changes
of ALPase activity. The amount of hydroxyproline content couldf: be expressed almost
completely by the collagen fibrogenesis index, which were obtained gusing a Monocellater®

that displayed the relative absorbance of cultures stained.with Van Gieson’s solution.
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A striking difference seen between nonLLPS- and LPS-cultures was the much higher

level of noncollagenous protein found in the latter ones.

These results indicate that the administration of LPS may stimulate the synthesis of

noncollagenous protein in human gingival fibroblasts, and this was particularly enhanced

in presence of DPH.

Key words : Diphenylhydantoin, lipopolysaccharide, hydroxyproline, fibroblast
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Hipesgln Yy 7 =L ¥ v M ¥ (sodium
5, 5-diphenylhydantoin, DPH) ®O#E1Z4LD,
LIFLITHADIEARA A Z PN THD,
ZLORPZENRTETWS, e hTO DPH
2 & AHRADIE R OEEEIRE L BEL, &
HIRRED AR L BETEID BT 22 L AR
nNTWwaL #ERICHNTE, DPH 05
DHTIEEADIERITHE 5§, BRI JGE A B
BLTWAEBIEAPET 2 s TwEE
£/, 7 FTODPH MO A IE KITEED
BHEHFRESNZZ L RN TV SBY

—75, DPH OREELRME S Mo O EEEH
2T, MO ERS 35— v &
BEEOBIPTRENT WAL F-8%41%, 79
N B R OERHESERIEAN O DPH O ANIC &
0, HifargE s 05 — 7 L BHEER P EE S R
2 EREL TG

RO REDKERKDO—>& L T,
BEBPrEEL&HEAZRL THIT RIEROM
WAL DONBRLE EFPRIEORIES JUZ D
ITICEE L TWAZEPHmMENTW S,

% ZCDPH 4t A IE KEEDHAE # DPH &
HEONTERE OEDY SRR 2 & 72, A
22 ClE, FRHESHEAR I 5 DPH & NERD
EROETFLVERSE LT, NBERDOFELEY
EEMETHIZ)RER)F YA T4 K (lipo -
polysaccharide, LPS)& DPH % 5% & fGHE A
Ha~i&in L, DPH & LPS OHIfaRgsE & i 4 D

HNEIEIE L34 2 2B 2DV TRET & A 7,
M B LUHE

1. IBEMEL S
EERIZIE, & DR R O fAE S,
HGF-1 #Fw/,
ik, F 2 (Hyclone Laborato-
ries,r Utah, U.S.A.) #5%Mz7, "=
Yy 100U/ ml) &HiEEA LT hv A v~
(100 ug/ml) % &%, o-MEM (Flow Labo-
ratories Inc., California, U. S. A.) (e MEM-
5%) MfEHsNT,
EEREEIZIE, 0.1M NaOH THRL 2V 7 =
Znwke#s¥ v hr4 (DPH, 7LE7FY® K
HASLE, KRIR) & ZRBARIZEBRL 2 AR
#+v#754F (LPS, B.E.coli 0111 ;B4,
Difco Laboratories, Michigan, U. S. A.) #»*
TROLI RN,
1) xtBE#E  «MEM-5%D A (DPH, LPS %
)
2) DPH # : DPH (HA%EBE 5 ug/ml) %R
il
3) LPS 8. LPS (HA%NBE25 g/ ml) &R
hn
4) LPS+DPH# : LPS & DPH (Litig®%)
AN
% &, xtiaEEIZ 13, DPH L ZEE® 0. 1M NaOH
& LPS L EBEDEBANIMZ 51z,
2. 18 & &
#HRE (5.0X10* cells) &, 79 AF v 7 5
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# Y v — L (Nunc, Roshilde, Denmark) T

aMEM - 5 % 15 T 2405 35 3614, K 3EBREED

BRlZ s s, EERABM S N, M,

IREE AT AR # AR (5% CO4-95% air, 37C) T

REsh, EIE2 ks,

3. ¥EREE. ALPase - ACPase FM®M
AE

BN, kB L /0. 25M saccharose Tk
#1%, Potter-Elvehjem Bl 5770 v k£ ¥+
A =12k 0.25M saccharose FCHRE Y+
f R, BEREE SN,

MEHRERIL, Lowry 5DOHE"IZHEW, 4+
MiF7 N7 3y (Fraction V, FIEHIHE T 2,
KBR) ZfE#EL L CHIES N,

TILUAHIVMERAT7 74—+ (ALPase) &%
D#I7E X Komoda and Sakagishi O 75k 124
WTTY, TREBROERELD —HEEL 12,
AEEEL
T, 1mM MgCl, #%% 50mM carbonate-
bicarbonate #&{&#&, pH 10.5, 30T % K5k &

, TEMEAENE sz,

BiErZA7 7% —+t (ACPase) iFHMEID,
Walter and Schiitt @A iE» 12FH 0T, 10mM
p-nitrophenylphosphate # & ¥50mM citrate
wRiEWR, pH4.8 & Gk & L, 30C T205 MK
IBL, IE s,

4. eFOXITOYCEORE

BEREE, ok L) v BB &R SEAW (PBS)
TikiF%, 6 N HCl hT 110 C, 22/RiH0 7K 55
Ran, WEREOR, ABRTHEMRLAE
A e xh,

tNax> 7o) &l Bergman and
Loxley o 7#i#™ 12wy, L-hydroxyproline
(FErtise T3%) 2fF#Es L CHIE S Nz,

5. Van Gieson & & #DHE

BEMI D y—L 0 E, 0.1M) EEH
10%HtER v~y » (pH7.2) TREZESh=%,
Van Gieson ft % fgx 17z,

p-nitrophenylphosphate (10mM)

dish DFMETH -7 (Fig. 2),

BRMOT7 7 v R T 5720
Monocellater ® (A1) ¥ /¥Z2 W) Z{HHL
2o B EN~ T v — L 21RO Monocellater
2R B AT, 3T = L ARHE A
7 7 X (collagen fibrogenesis index) & L
THEbasN/, FBESEOMBEOLEE N A
Y7y 7 A100 &I,

& R

1. mhRsEsE

EEBRTEH COMNDOETFE & HE5E 1213252
B ENLE -2, DFD, DPH HM & &
U LPS & ORIEEFIIT Y, HfaBEEOIEE »
5 VITHIEIERIE A S WG ol
2. MEREE

FLERITFL LIRS BT CHREAEE AT
BHOLENTY, SETOMEAERIZN 1 Omg/
dish Th -7 (Fig. 1), $E68LIED DPH
BEINEE (PHERE L LPS 8 MOEAE R I
ZIFFTOS5NT, 1B TH 1. 6mgdish Th-
7o DPH Zshni#$ (DPH # & LPS+DPH #)
Tk, BEE6ELMETDPH BRINELY HBE
HERAP ML, 20EIIEEEMA Lz L
%Y, 1LATDPH #CIdxtiEBeEE L 014%,
LPS+DPH #TIZ LPS # Xk 0 19%8i0L 7=,
3. AL.Pase {4

LPS ®mEE (xHiEEE L DPH ) Clf, 8%

B 2~4BIIA23T, 28T ALPase &4
EHL, BBA~-5BTE—7& % D H55mU 7
6 WLIR, &
HEEPPETL, BIE—EL %o, IDATO
ALPase i&i1%1%, *$FEFE T 36mU “dish, DPH
FET50mU “dish ThH - 7~

LPS #“hn#¢ (LPS & LPS+DPHE) O
ALPase {§M13, LPS BRMEEL VKL,
BL~LBETOW-L VL ERLUA, BE6HE
DIFgIZ, EHEIZIZE—E L B> 2BLED
ALPase {1413, xtH8ED20~40% T LPS (1
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TOTAL PROTEIN CONTENT ( mg/DISH )

Fig.

ALPase ACTIVITY ( mU/DISH )
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1. Effect of DPH and LPS on total protein in human gingival fibroblast cultures.

60

40
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Results are expressed as the means * standard deviations of the three deter-
minations of triplicate dishes, except for the cultures of the first three weeks
which were analysed in duplicate. open circle, control;closed circle, 5 ug
DPH ; open triangle, 25ug LPS ;closed triangle, 5 ug DPH 4+ 254g LPS in
culture medium. (Plottes and symbols in Fig. 2—6 are also the same as in
Fig. 1).

O —0 : CONTROL
| @——@ : DPH
A—-—A : LPS
A—-—A4A : LPS+DPH

/ \\/§

Fig. 2. Changes in ALPase activity with culture time in fibroblasts by DPH and LPS.
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Fig. 3. Changes in ACPase activity with culture time in fibroblasts by DPH and LPS.
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2 100} A&—-—A : LPS+DPH
4
. 0
i
=
3 /////
¥ Q
2 / -—"L
g S0F "‘ —"
; / o e © s ——-A
= Pt
> /’
= 20 A5
A
o™
0 ; ' L ' '] ' ' 'l
0 1 2 3 4 6 8 11
WEEKS

Fig. 4. Effect of DPH and LPS on hydroxyproline content in fibroblast cultures.

& BIEMEDGEE 2 MHI RO 5 7,
4 . ACPase g

BE 3B E T, 2FEEREFO ACPase J&%:13(12
FElEgIZ ER L2 (Fig. 3). 2D, LPS &
RINEED ACPase 1&MEIX, BT 2 DODETFL,
1B T10~11mU,“dish £ 257, LA L,

LPS#Tl3&51258F TCACPase i3 |k

LU, DRIZIFE—E T16mU dish DIEHET H
-7 LPS+DPH #TiX 6 8% TACPaseid

MAERLU %, ZIF—EL %Y, 18mU,dish

DIEHETH - 7=,

5. erOxI7OVUCE
SRBEOL Fuxy Fay v &I, S Fihg
RIZEEIN U, 558 11E TIX 104 g dish Th -
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Fig. 5. Changes in weekly increase of hydroxyproline in fibroblast cultures by DPH
and LPS.
150k / .
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e -
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Fig. 6. Comparison of the time courses of collagen fibrogenesis by fibroblasts

cultured with or without DPH and LPS.

control culture at five weeks is

and Methods for details).

7= (Fig. 4 ),

DPH#ov Fox 7o) &, 5
WE T s 2B s N Lo 6L
FRIZAHETE LD, e Fux > 70 »&A
L, ILETHB0% DEMA S - 72, 1 EREHD
Ok FaFxy ol OEiElE, 5— 6580

(

e

b

Collagen fibrogenesis index of
expressed as index 100 (See Materials

P CHHATE £ D F950% M L Tw/e (Fig. 5 ).
LPS BTld, ALPase /G EEHREIZE L W
KFEAPEDH SN, v FaFy 7o v a&idatis
FEDA0~50% T1HE TI345 pg, dish TH - 7z,
LPS+DPHEIZHEWTHLO6EET, O
Fo7ray) BT LPS #HEOMIZEIZ -
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7o UL, DPHBEE[ERRIZ, 88~ 118
T Fax 7o) LEIE LPS # &0
U, ILAT26% OB, /-, @&
LY OMENEITZ6 —8EE 8—11BT LPS ##

DEIS0% I L T iz,

5. Van Gieson 8

Van Gieson "’“@T , BRI BETEIRIZE
770 12 F 28 Bo 5 R, i*d“ﬂﬂﬁﬁ
CHRCQE B AN L, BkEsh b kO
27,

37— VERHEEEA v 7y 7 A D HEhIERAR
3 (Fig. 6), b Faxs 7o) v &0
fRe k%L 7,

% =

1. DPH®OE

B E R OM D A2 2512300 5 1T,
DPH%@ LPS & OfE] W h oo il # 3t g

HE L IIEER A RS o0 UL, —
75, DPH 12 & - THEHESHING O B AL & 1
5L DHREL H DT FEEEEROLS A
DPH BEZMEXCERFHOERIZ L2008 L
niwn,

DPHIZk 2 Fafxi7a) . EEDOMIEEL
DPH # T 6 BLIRIZ, LPS 4+ DPH ¢
MALPEIZFED 5, LA L, LPS + DPH
BECOMMERNRIL, LPS 125 ) il & h - ik
HEMBEEO L XV ICAE s 2138 m LS
ol

FEEILBOBEA R 2 iy 4 &, DPHEE
DREINE T A HEEE I 2% L #9230 g T, 37— 4
vEACFOXL T v EXT.46 2 5 HEE
TAL] ZOBEAOUROZE, WEREOL
FoFs 7oy v &0 (#9530 ug) (2IFIF—5
T35, LA2L, LPS+ DPH 0 LPS B2 4t
T AHREAEROBEINIH 300 ug T, MEEO
Fafy 7ol B0 (12ug) »ofiEsh

2377 RENEL, MMLAKAKDOS

CWRIFa7 -y HERAEEEZONS, 75,
LPS+DPH#oOv FaXxs7ay vigiishg
HD55%, DPHED40% LKL, 25—~
%%@ﬁu&ﬁtﬁ?tf&%i%héﬁ,%

EEERIIAEEELD 17 % s <, DPH #&1E
IFEETH 2D 7T, LPS & DPH OEEERITIC
&0, DPH#LID 513k -4 %%
FEPHEIML-EELSN S,

DPHIZ X DB KL 72 O #k - ER 12
£B3&, Milae 3T —5 LMD L SEIGC
MUT, k277 v EOMIaMEEOEEH
FHATEIIZHEANL TV B 2 & AT B & SEERE '
THsMZanTns, HfLEmMIZE, DPH
ARG EhaTy NOKET, BOEE, R
OX 7o) ool EiiArys I LD
WA £ DPHIZLXDIE KL -H{ATY,

BEHER, vlroxivu) ol tidEas
=T MEEREOEOEINT ARG s N TV, &

512, DPHIZE DB KL 2812 k¥ %4
HESFRUETIE, 77U a3 7))y DR
MARENTWES 2F D DPHIZ KL AHAD
MEXRIE, 27 -7 v EAEOHEINSZ DK
XREKD—D L L >TwWEEELLNS,
TTIZl N2 k912, DPH 12 X 3 A DIE K
SO RIESR, SHEDFIERK DD & &
ZA6NAWIEN S L TWAZENELRIZE
NTWATYE 7, BIEORSD—2Th2NEH
KA, TR % SR LR 2 @8 LS AR s
THZERECHMAENEZETHB, fiE->TH
FEROFER L, DPH 123 MMAIEADIEDT 55—
7RI E OB E, sEIERONEER D
SHIEEL TV A AREMEZTREL TV 4D
tEZHND,

2. LPS e

FRAESF AN DO IEFE 12 x5 5 LPSO B8 12
W, Aleo 513100 ug/ ml LI D& THE
SEEHDHIT B A%, 50 g/ ml LIF Clafifad 4
FREMBIZHELEZ 2 0WE L TW5, F 7+,
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K= (10 ug/ml) OKIFEEE LPS O
12k, FHEFHIRO 7 3/ BBEU) A& & DNA
BROMEIAAH SN LA, 7T v OB
ABDRLPEIES NS Z LA RES N TWAY
IR O R BN DIERTY, Hllaky
FEIZEB A B2 2 WKIEBETIZEa 7 -7 V1%
EAEAKEIZEALHHEIL 20D, 257

B AECIEIT A Z e RESNT VLAY
¥ -[EREDERT, DNA & 25 —4 v &I
DFAPRERBIEMN L 2w LERENT
WA% KFEERD25ug /ml O LPS BE TIE,
NS & MEAERIIMIBEE D L o 2
»', ALPase il v FuFx s 7y v gl3#F
LSIETRL 2o

BRI OTRINC K1, BRI R OREE AR
HEFEfao e 7 v v B ERAIEE S 1™ K
WSRO LPS T i & 0 855 Tl
HhA3 e 7La y EERIVIESNS Z LR
HENTWAYLPS OFIMZLD, 2225 %
TS ETAEEARGRAMRES R TS L
s 3,

SO EER T, LPS BT Faf 2 7
oYy vEAERL, a7 -7 VENEDL TY
2rEISNZIZE22DELT, BEAERED
KT rEdonzVHEBE LT, WEAEL L
DI 77 VHEEHEDOHEMAEZ 5N 5,

DPH ¢ NEZROWMNIE K EE & OREIZD
WTIEE s ISP RELEZ SN S,
3. ALPase- ACPaseiEM &b FOx 7O

> &

LPS ®RIMEETH 3 888 & DPH 1%, [A]
U ALPase i§M#i#ECEAR L2, LA2L, 6
L%, ALPase {§IEDEK T A TH LN
DIt L, DPH#TCIXZDOETIEHLTATH
oo BHAEEE I BT 5 ALPase [EHEDOEKT %
DPHIZHIHIL Twa O I2Bbin b, 7,
LPS #MMEE D ALPase ifM1, LPS BRINE
D20~40% L 2% <, LPSIZ&AZE L Wi

MEFDREPIBO S5 /2, LPSEEE, LPS
+DPH ## & ORIIZERIT 2, LPS ® ALPase
EEOHPEIA DPH OER I D@V I & AR
WA

RHEFEHINE D ALPase B R & LT %
TWAY, ZOHEE - HEIZE ZT7IZHs »
céhfu&uobﬁb,mtﬁﬁﬁﬂﬁﬁ,
FL74vHS Lag>oBHa T, B8R
EAAI ALPase iGEN &V, 2 LT ED
MENaEE, FRHEE Y v /X7 DK, Ly v
87 DI IZ ALPase A5 LT 5 Z2&7Y
REENTWARY £/, FERIZBVWTY,
ALPase iGMEDEHWEE T, & 512 ALPase &%
DEWIFRIZ—% L T Fax2 7oy v &S
BWwIZeEMmanTesy (Fig. 2, 5), 2hs
EZAESLL, ALPase Dk Fux 70
VAN - B (37 =7 0 A & UERHETZR)
COMEIHERI s N 5, LA L, ALPase D%
#1252\ TlE, ALPase M4EafER pH %%
DEBEIFRAINT, BOTHLS2IZE ST
KBLDE/-bNS,

ACPase /O EILE, v Fuf 7o) »
B L ORI RO ool 7272,
LPS MDD 4 @LI#% D ACPase 11413,
LPS ®EMEEIZHANTE, LPS 2fliflamic
A E N (endocytosis), 74V /—LFZTD
ML - DEIEE > TVWEZ LRI NS,
LAL, BMBEMHTIEIZOERI TV EX,
37— Y DEIL - HEANDRESIZO0L T,
SHIRPVETH 5,

4 . Van Gieson Z&NDFEE1t

B A Van Gieson B & N5 DIE, HBEE
SHELETHD, 1—2BTORVEEMET,
e E 2 & OIEFFEMD &@f@”&%&@f*% L&
Zbobnb., LAL, 3 11Ll|3¢0) Monocellater |2
ZEAREEOHEIEIL, N FoirFd s Ta
vEOERMERE L C—FHL

Monocellater DHEIE R £ L 555 nm T, Van
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Gieson D REIE (B 707 7 ¥ v ik)
DIRIHREA (544 nm) KD bTFHIZEEETH
5, LA2L, 555 nm TOREBUEDIRLE X544
nm N83% TH V), WEIIIMBEI L VWEEZ S
ha,

Van Gieson %@éﬁ KL Monocellater 12 &
BEEEL, L FaFy 70y v BOBIE LY
—HL, 35— VEOF VIGHEEK - ED
5% WFEE L TAHSEBDLN S,

i E

b N EPAHR OB RS 2 v T, M
fat4sl, ALPase i&1E, ACPase iM%, BE
BE, vroxyruy 8, 375475
Fmizxt¥ %5 DPH & LPS OB 52 RatL, L)
TORREE:,

1. $®E~DDPH (5 ug/ml) &LPS (25
ug/ ml) OBIIRI & lE OB R ML, &5
HEAMNIDEFR L WIAIIZ A LR A5 2
Lol

2. DPH OEB#EEAOFRIMNE, HEBLL A
(2, ffa? ALPase i&MDET 28pHIL, £
BYhoe Fax s 7o) v OEEE & # x
t, REAEEZEDAHMERL 72,

3. LPS OEEEERADFRIMCELY, #Hfan

ALPase i3t s h, HEWHOL Fox
v7a) yEIFETL, HESBELUBTIR

ACPase iEEHN ER L= LA L, 3o
HEAERIIAAEE L IZIEEE THho7-, LPS
DIGFRIRNDRMDY, WEEWF D5 -4 >
MEQEE#MINs 3L 2R =,

4. LPS & DPH OmBEADREBRRMIZ &

D, BESBLRIIERYMFOL Fut s 7o
UCEALPS BELOMBINL /25, ?ﬂ‘EEﬁot "
KAro7- UL, MEAEEIX LPS B - &t
MBELVEL, DPH#LIZEFRIE TH - 7,
LPS & DPH O[EBERIMZ &Y, &b D Ik
35— HERAEEANDPHE, LPSEL

F5% FE1s HEBFI6LEG6 A 29

DESIZHEINL 7=,

5. FRHESFMlaDALPase iE: L EEMF O
Foxd 7o) v BEOMIZIZHEE» BB 5N,
ALPase &k v Fax s 7ay) v OAK - ¥
fHeDEEDRIES L,

6. BEEMD Van Gieson 3¢ (collagen
fibrogenesis index) 1, v Fa¥x s 7 ual) v
ek —HL 7%,

X 3
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