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(mutans streptococci . BI7E 7 il 8 MiFRIATSH 5 A3,

“Streptococcus mutans” LRMEIND I EHNDH D) 13,
A7A—A (HBHWVIIIHE) LORLHIZBENT, fib
OOREBAEDIIE A 6 N WIFRI 2 RIEE R T,

Thbt, HMEBELLTRETLINVIINVET
VA7 25— (LLFGTaseb B$) D{EHIZL T
A 70— AH6EEIMIFR KBRS & UJEKETE
DTNH Y (FVa—-ABEE) 2EET S, b,
BEDHHVIZZOMOONEHEOW 4 & 8T 5 {EHE
rHEL, ThooWHE~DOFH (cell-to-surface
adherence) L EIIHEANDB A L HF it (cell-to—cell
adherence) #BhiT %, F 7, JEABEMDO TN LIL,
EHOTHAMEICEA, MEHROMWEOIME %7
HEMRT, S6I12UE, WEICER L 2H4 OB
RAB O R U /- RESER PR T 0%
WFH18) 7L LTHHE, RIFAOBROFERZR
#TDH, SODLII, CrOWEET MY v 7 ADOHE
KaD—2¢ LTHERET S, mutans streptococci
FEWTHTNA 1, RFEOTE L REOBRICHE
BICHELTEY, BE COBBREEOFELY
VU ARTE, ERNSREE, o LicBEEod X
BETNV A OERBEISKDHR TV S,

AR TIX, mutans streptococci® BERFED BRI
EL{lbo TV AL VI v OEREE, (b3hhE,
MABTHES L UHEERD Y AF LIZ20T, ko
FEIZ BV TE 8% 5 5 Streptococcus mutans & FEKIE
7V A ¥ G RLREDSE V Streplococcus sobrinus DM E %
Hu R 5,

I. Mutans StreptococciDELET D /P

Mutans streptococcild, A2 O — AR CHERET S
LEBNKBEREEEREET VA TEREDO LA
v (ESG, CA-ISG) %, F/-7/NVa—A¥EFELTH

N AN GTase 2 A7 T — AL RIGE 5 LKE
WL IEARBHDO VT >~ (SG, ISG) 28T 5.

1. TIhSREEE—BiEik

Mutans streptococci®D FEEIT SV h > DERIZE
RN H B (Rl)o R0 —RAERFHRIEH
LEToao o —oBREMIFEARICRT LS, B
I GCTase BB LIz 7 NV > (SGEISGHIRTE) (X,
S. mutans {c, e, fBIBH) LS. rattus (GRIE) TRK
G —HUCIRBT B DK LT, S sobrinus (d, g
BIE) LS. cricetus (oBH) CIEBERRICERIKL TF
Bt sEmch b, CRICHIELT, BIEICH
AT, BBETIIRICARBEOES (CA-ISGH & VISG)
DOERRDOEENE L, FOIRoIcRBEN N T A
BECRBEICRE T A IV D Y (EIZISG) DELED
TH\v,

L EHHERCVIZBWTYS (F2), S. sobrinus
NDERET BHISGIE, S. mutansD b DIZHNT, HFF
RES S &H, BEHEFEL, TV F-a-1, 3
TWhF—E (L% F—¥) BEEEIHL, “S. muans”
HigEEEII By, —F, SCOMRKNLEIE, @
WHIW IS F i VR 2@V A R WAL, S, sobrinus®
SGizx Y F-a-1, 67NV A F—¥ (FFAFFF—
) WRMEB LU S, nmutans” B ESREMIVEVE
BA B, S. cricetusVSEET B NVA 3B EDHE
RHS. sobrinus® b DI, 8. rattus®D 7V A 2138
mutansD b DI T B A%, L EIZhEzNNDEE
WH b,

o, FuhF—EREHT (R2) RILESE
BHHY (R3) OFRITRT LIS, KICwEED
FW# vy (ESG, SG) W&, «-1, 67 0Va Yy F#a%
EFIZ, ol IHEEEXEAR, KITHEEDDLOD
(CA-ISG, ISG) X, Fila-l, 3I#ELLHMMEINT
Wh, fARbhhYDa-l, 3, 63 EEL, ESGE
SGTHEREA TV HIIZSH 5o
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1 Mutans StreptococciDZEIED 7V H S RKE

& - I AR (b) A GTaselc L > TERK E 7
mipm W O R70-ZBEBO BWHNGCTasel2d b BRMH N ST &K BO
CA-ISG./ESG*' ISG/SG** {mg/ml) AIIR( 2
S. mwans
c OMZ 70 0.83 0.47 0.0t ¥)—iRi%
Ingbritt 0.44 0.27 - 4
e B 14 0.33 0.21 0.04 ¥—iREB
LM 7 0.67 0.43 — ”
f OMZ 175 0.36 0.17 0.02 ¥—iRS
MT 3940 1.00 0.08 - »
S. rattus-
b BHT 1.50 0.39 0.02 ¥)—iRE
FA-1 1.10 0.08 - ”
S. sobrinus
d OMZ 176 2.50 1.10 5.11 i} 87N
P1 - 2.80 - ”
g AHT 5.50 2.00 5.97 LSRN
6715 5.10 1.50 - ”
KI-R 9.20 3.10 - v
S. cricetus
a HS-6 3.50 2.00 4.86 LI TRIN
HS-1 1.20 5.90 — v

U 27 0— AREREEOSK | CA-ISG (A - 7V H ) Ttk ESG (MEybKEHEE )"
*2 WitkYMGTasell & 5 A1 1 ISG GEXIBEE D), SG (KiEtE®E ™

82 W5GTasel & > TAME N KBS L UTEKBE T IV 5 > OMI(EFaoMER

AR VA~ (SG) K7 VA > (SG)
I INHF—ERBHE SFRAE S muans” FVHF—CREMe o GTRGE S, mutans”
mre ® F e BATRIE (>307) BRBSH 0¥ 6 2y FL 0 O (v >507) BESED
Iwht-¥ Tunt-¥ 7 (%) (MK yant-¥ sunt-¥ 7 (%) ()

S. mutans

¢ OMZ70 o) fi& 1.42 67.6 b= k] '3 0.27 22.6 B

e BN " i 1.38 60.2 - # 3k 0.50 34.7 i

f oMzZ115 B i 1.42 49.4 # ¥ 3 0.85 49.9 |
S. raftus

b  BHT 5 134 2.33 82.1 = 1 ¥ 0.54 66.5 =
S. sobrinus

d OoMZ176 & 21 2.12 85.7 b 19 E(H 0.08 3.6 )

g AHT K <) 3.88 96.2 8 & ElH 1.10 30.5 5
S. cricetus

a  HS-1 i ik 1.93 71.6 =i < El 0.70 22.2 ]

* : Yakushiji, Inoue & Koga' **LISGH BV ESGHENREFNIZ BT A M

SGIZIE, BNV FESESROMBICOEEE  o-1, 3, 657WICEEL, T/, a-1, 62T 5 a1,
FUCEBARELZE 2 v, —F, ISGD a-1, 3ESEMIE  3HESBEROKLEIL, S. sobrinusDISGITE L TEL,
S. sobrinusDIXHS. mutans (4FIZcBIBE) RS, rattus® S. mutans’e LD 3 EMED L D TIXETEV,
bDOTHE. —HIZ, S. mutans LS. rattusDISGI
a-1, 6EEER I, S. cricetusD b DIz L
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£3 EFEIHEGTaselc L > TEREWET VAL DT NAY KBS RIR

O-methyl-D-glucose (E N %)

[ KRBTV H > (SG)

KBt Frva s (SG)

e ik 2,4,6- 234~ 24~ 2346- 24,6~/ 24,6- 234~ 24- 2346~ 24,6/
F)- RYU- v- 7Fh7- 234-k FY-  PFU- - FhI- 2,341
S. mutans
[ OMZ70 57 31 5 8 1.82 3 63 13 20 0.05
Ingbritt 46 36 6 12 1.27 6 58 17 20 0.10
e Bl14 27 47 15 11 0.58 5 57 16 22 0.08
P4 26 41 11 22 0.63 11 54 18 17 0.20
[ OMZI175 35 4] 9 14 0.85 17 53 12 19 0.32
MT3940 60 26 6 7 2.32 19 49 10 23 0.38
S. rattus
b BHT 41 40 9 10 1.05 10 58 15 18 0.17
FAl 56 34 2 8 1.63 1 63 16 21 0.01
S. sobrinus
d OMZ176 61 15 12 12 4.03 4 76 7 13 0.05
P1 48 16 16 20 2.98 17 48 16 19 0.36
g AHT 55 15 14 16 3.55 9 58 15 19 0.15
6715 66 15 8 11 4.53 15 34 18 33 0.43
S. cricetus
a HS1 41 15 22 23 2.83 1 51 22 26 0.02
FIL 26 24 20 30 1.06 2 60 15 22 0.04

*: Yakushiji, Inoue & Koga'

#4 8. sobrinus AHT (g&)) HDGTasell L > TFF A PSS F—EHBIVWRBELFFXANS COFETICEAREN

ISGOHEIR"
A Ht {2t A 3 AGrIR A R TR “S. mutans”
ISGA B D Es Nty (AAX$IE) (X IE) (Fha—2R) - (Mw>3077) Tk
% % mol % 7 (%) B
L 100 100 55-66 1.3-2.5 72-91 16-64
Dextranase (180 mU/ml) 40 8 87-91 0.4-0.7 16-20 -1
Dextran T20 (13.4 mg/ml) 25 9 - 47-56 0.3-0.5 43-54 512~
*: Koga & Inoue®™,  Sato et al.®
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Mutans streptococciDBEH T 5 7N H > O R
&, S. sobrinus, Z L IZOMZ 1768kDSG &ISGIZ D\
T2 L RESE ShTws,
1) KistEsva >

S. sobrinuse EEEMO A 7y 0 — AF#EHH L T
WEIGTaselZ & o TAB S NI KiBEES VA~ (ESG
ESG) *7dH BV IEERBH RO ECTase-SHEK T
5 KB Disozyme-SG**" (F 5 HH) X, Eile-l,
67N FEEGHLLY (#50%~), =~ FEIF*
AbTF—-BIIRBEININZFIRFFATF—
EOEMEFIT 2w (K2, 3). choikic, S
sobrinus OMZ 176 (dB) ¥k7 & Dmutans streptpcocci
DSGIE, «-l, SEAEMEEHEL, 20hBY D

TN a—ZRE (BEEHBVIEEFRUT) o8
a-l, SEEMNHAEFIEL TCWBEHEEFERATVS
(E1-A)s

2) FEkEETNVAE

—77, OMZ 1768 kD ESNGTaselZ L > TEK S H
72ISGIE, «-1, 3FEE VI —ABE 61EL%) %
FEIZLTa-l, 6558 5RE (15%) 25U THEY
VA THDB (a-1, 3, 6FTHHEL a1, KHITH
12% ; £ 3)o ZOMMA I AFMBICIRS (6
#iR) KIS BABFEOBWBAE, T FRILY F—FIC
<o mEh, BLAEDN -1, 37V FHE
(95%) 26hBI LS, THIZHDTIELV -1,
MEA NI — AR LBHRVESHETERLTE
b, TV FEFEFR M F—EHEETIARSE
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£5 S sobrinus OMZ176 (dBY) #DGTaselBRAIC L > TERE N =FEKBES L UKBET VA
DTN FEEI

(BB EES O-AFN-D-FNVIA—R (EL%)
TNH AR DEFLT) 2,4,6- 234~ 24- 2346- 246~/
(fitit) Fy- bY- ¥-  FFI- 234K

MGTaseA SR L7 FEKistE v &~

ISG** (crude GTase) 51 21 14 15 2.43

ISG** (CEF) 57 18 10 15 3.17

ISG*? (crude GTase) 61 15 12 12 4.07
GTase-SASEI L 7kistk 7 v h >

isozyme-SG** (GTF-S) 0 31 32 37 <0.01

isozyme-SG*? (GTase-S) 28 56 5 12 0.50
GTase— A& L 72 JEkistE v »

isozyme-ISG** (GTF-1) 88 7 1 4 12.7

isozyme-1SG** (GTase-I) 30 4 2 4 22.5
Dextranase Cisf L 72JEKiGHE I N H ~

dextranase-modified ISG** 95 2 2 2 47.5
GTase-S & GTase-1AMB ] L TAR LAIEXKBEI VA »

isozyme-SG/-1SG** S/l : 0.6 73 19 4 4 3.93

isozyme-SG/-ISG** S/1:1.5 66 27 2 6 2.47

isozyme-SG** S/1: o 29 55 5 11 0.53

isozyme-I1SG** S/1:0 92 2 2 4 57.8

19} *

*': Ebisu et al." **: Hare, Svensson & Walker *3: Kogaetal **: Inoue & Yakushiji*
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1 Mutans streptococciDEE T 3 KBk & & UIEKBIE T IV H > Ot E{LRIE S
AL KBEHT NS >~ (SG) DAME
B: JEKEET VA 2 (1ISG) DHIKHEE (Ebisub™ & H&E)
S. sobrinus OMZ176 (d%)) ¥ Tid x+y=7, m+n=3, m=0~3
C:JEkiBtEs VA » (ISG) DKM (Hare5™ & 0 2%)
S. sobrinus (d, g%)) BHTX x+y > ptq, m, n=l
tia-1,3 Va3 FES —.a-1,6 YNaL FES

KIS DISGE 57 AV iZ HEE X R 7-GTase-124
WY Bisozyme-ISGIZ W Fhd, o-1, 3EELOI LS
b (87~95% ; %4, 58M) bIhi%HET5,
Eoi2, ZEVBBLIUIY FREFFA S —EiZ
LoTIEREALFBINE NI E, iz U

DFBEWIZ a-1, 6FEEITMAT a-1, 3EEVFE
THIENDL, a-l, 6EEHEFINUNOREI KT
RLTWwBEBDLIS,

SN SDOEED S, S sobrinus OMZ 17T68RDEL T
5ISGIE, a-l, 3EELAT NV I-AREOEH*F
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I 2 43 L TR A CHBIAL L T a [HHREE Y % &
ALOEMEEINTVAS (HM1-B, -C)o

Z OHEDISGIZ DWW Tl A TokhRE (1 —c)
I, AF AL ORED (£3) hoHiEET
L, 8. sobrinusDISGlE o —1, 3EEHA a -1, 6#*/—\5?[
I THEWE { (x+yptalkb=3.0~45), .
mutans D b D TIFWHAD LS OEITHEE D (MW T
1.3~1.8), L@ LTI Ly (e, fHETO.6
~0.9)o S. ericetus &S, rallus® b (1.1~1.6) lE—Hk
OE (2.7) ZIEES. mutans (HIH) 1200V,

. 7#> Oi#mrEE

Ay o— AT A L mutans streptococei @ T {4
(LR RE LR A ST L 7o o AW/ D FR g S
255 %o EERETHES TS L L, B
s, BEDREE L7V >k b s Rk g
Wit BB L2, ST A RS AE DK - 4
PHOMEIL L > THWIZHH S THFLTWED
WARENDHY, F, YA viE, Koo ER
BEORCRY A B (2 2 % B (beaded fiber) %
E2TrE09,

1. “globular, fibrillar, amorphous particle” % LA >

EEEE M T IS T 5 L, A7 0— AKEE
L 728, sobrinus*°S. mutansDMEAET B 7 A LT,
HREORL 2 3fEofMEmsHaehs =5, 1203
GO “globular (ERIK)" OIEEZ R
b, 2 31EH 2 mmD “FEME" A2 AKTFFLT
WAPO LB E NS “hbrillar GEHER) " 0B
@, H3IETE i) “amorphous particle (AVE
TED/NER)” DbDTH A,

DAL, “globular” FNHEFFFAFTIF—F
CEhaaEin, FhHT AN %o fogegE
BRROEET L LA YV IEZOREOKEED L OD
HATHo725 T b, “globular” #0741 »IXFEL
a1, BEEEDSLRY, —F “fibrillar™ Z A 1L e -

D EEOIRFEEO LD TH S LHfEE ST
wéa

2. 2O TN
Z0 T — AKERE L 728, sobrinus AHTO RN (14

M2 8 sobrinus AHT (g8) HOEFEINIEGTasell & -
TERE NAIEKEMES S UKBES IV H L OMR
T

A Grivdy, 2HEOBHER T VA DT B
12D EEIR#HEE b2, WP LTw
A 2 ARHUIREEHE, g | RSB TH S, (M3 -A,
-BE:M)

Bkt v AH LS (SG)e Al SN D LI
AW U1 RSO AP SRS, £ EHY
2 LTl il s 2 B L Tvw b, Bk
DRBERIE, TF S — WIEBREIEY, o8
Mo g Lo Bhh s, (M5 -BEI)

C: ki sr va Y HG (1SG)e AIZR LD L
UIBIEM i E & 2 2 B ok 7 v 4 > e
T B e FEATTEISG,

WFoy b by Rt X 2 )itk

s EMUGTase x H95) D VILHE I CTase & A
yu—2ALFnsEE 5 E, “globular” £ “fibrillar” 7
b O T A 2 oML AT, EE R
P TICMEs ™Y ([M2-A, H3). (BB,
“amorphous particle” ' [ZH %9 2 & B 24
WIIHFETE T w),
120&, SGIZEAFADLOT, Mo 24RKD “F
el ACPEAT L CE B8 E R L, FORBMD S 3
BHOBCHMEA B L TWwa (M2-C, 3-A, -B)o



X3 S sobrinus AHT (gBY) MOEFEESMGTasell L
TERE W=7 LA > Ol KE
A 2RPIEMEO MG, BICPETLTES 240

EEHE» S0, HEHEOE M S EV-H B
WENLTWa, FEEEORIEHIm, 2 A4
DAL 120m, A7 — b £ 0.05m

B @ 2 AHAREEHE 2 (2R T 1 RHHIEED AR
CHFELTWA, 2 R HikdiEo Bz 8iikds 5
WIE 1 ABHIERHE AT (R FERR “Ruzzy coat” EFEEL
Twa I EizbiR.

C:FF¥APFIF—¥HEETIZE
2 AR BV (R OB kT dov,
#iE (E2.5nm) OADED HNL, 1 AHIH
e FOMBE S IETEE L v, (F5-AZH)
NF = he by Fifsfa

WENT VA,

L ROBHEODEZHT 4 nm,
Tdh b, 2RO IEEHEL, (ZIZHHRETTRY L
THBOALIZL RIS lrh,&:il‘b 1 RO AT
Mg Ken LT, RENT EIZ 2 RHMH%
AT LfEshb, VETPRE ¥ N
WA LTEETH 5,

fled 1243, ko 1 RGO (TR125920m)
T, MFEFHVIZZEL LTl B E koS ERT
(HM3-B)o Fiz, ZoMiL ZzoMBEEY LR
TED 2 AR L 5 A5V, HAEkoEER%

2 AR AROE A (L12nm

“fibrillar”

1,000F 5« 1100
S00F 4 F 490
______ R,
R . P 4
~ -~ -
S |Z s =
EEGOD- EEL XTI - 80>
i / &
"= " &
oo w2t |/ {708
= &) ¢t @ —
b2 = @
= ﬁg ; \. =
j e SRR <
200 1 +/ 4 60 =
h o =
|
d o o 2

L 0 I i Il i I 50

0 45 90 135 180

FHALTF—¥ (ol )

M4 TUoFRBFXRASF—HORETFTICHETSS
sobrinus AHT (g%!) ¥ DEES GTasell & B ¥hEME
FETKGEME T I h 2 DS RINE
50%A 70—, 0.IMY »rESREipH6.0, 37TI18
HEH)

e L Twa. “globular”

—7J5, SGIZ, 1SGIZA LN L0 LFE LEED 1 44
MO AP S5 BH (M2-B)o HWIIHS5AEST
WMl EEEZRELTEY, LEIZHEELTLTF=Y

L Ly FitEo B ROz B L Tw b, Ktk
Th DI FEHT SHCTase-SHE R L 7-isozyme-
SGb, [FUEED ] RFH#HEoA»S RS (”5
ZHH)

EZAHT, ISGITIE, 2 ARHIBAERENZRICH
TET AERA & 1 ARGEHEN G AT LRI T AL &
HAheh, UTFLE4 fSE&'}i bz o THH Lt At

WEIZHA L Twmey® ([Z2-B), 9, HGTase
12 & o THM S NIZISGHEI 7740 6 & SIZKIZT] D
M3 s Z e D, £CA-ISGIES it
DF2 BV OHORIMFIZ T 5 b, Lizhts
T, mutans streptococci? {5 A IEAGEME 2V A o
Wi, -1, 3$ETHMA D 72— AFH0HH
b a-1, 6REEOFIES T b D (2 KPR E R
T) D&, o], FETHLDZEHDS « -1, 35
FOSEHET L2 (1 FRH#EHER T RT) doLo,
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Changing of maturation and distribution of

taste buds in mammals.

Yasuo Kasahara and Shuitsu Harada

Department of Oral Physiology, Kagoshima University Dental School

Abstract

Taste bud distribution on the soft palate (SP) and within three types of tongue papillae (fungiform;
FF, foliate; FL, and circumvallate; CV) were examined histologically in the rat and marmoset at different
postnatal ages. Serial paraffin sections (10 zm) were made and stained by HE, and digitized images of each
section were examined. At birth, the number of matured (i.e. containing taste pore) SP taste buds
preceded to that of FF taste buds in the rat. One week after birth, 90% of SP taste buds and 80% of FF
matured taste buds. In contrast, no taste buds with a pore were observed at birth within FL and CV in
the rat. In the marmoset, the number of FF taste buds at day 1 was 334. While only 20% of all the taste
buds at birth possessed a taste pore, 39% of 174 SP taste buds at day 1 possessed a taste pore. The num-
ber of matured taste buds at day 1 was small for the center CV (19 of 59), one side CV (7 of 25), and one
side FL (2 of 16) in the marmoset. The total number of taste buds increased with increasing age, reached
a maximum at two months of age: FF, 1069; SP, 609; CV-center, 530; CV-side, 390; FL, 201, and de-
creased thereafter in the marmoset. These results suggest that the maturation of SP taste buds precedes
to that of taste buds in other areas of the tongue and plays important roles in the processing of gustatory

information during preweanling mammals.

Keywords: taste buds, distribution, development, rat, marmoset
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Abstract

The lesions caused by sublethal doses of Trimeresurus flavoviridis (Tf) venom injected into the an-
terior thigh muscle (quadriceps femoris muscle; QFM) of rats were studied using paraffin sections. A dose
of 50 ¢g of Tf venom produced a large area of necrosis in the QFM together with the neighboring muscles.
Phagocytosis of necrotic remnants was followed by marked regeneration of muscle fibers. Myonecrosis was
microscopically evident 30 minutes after injection, and over the following 72 hours the necrotic muscles
remained acellular and were devoid of inflammatory reaction, except at the very edge where liquefaction
necrosis associated with inflammatory infiltrate was marked from the beginning. Blood vessels within and
outside the necrotic foci were occasionally involved in collapse and/or in inflammatory changes with
thrombosis, to some degree. However, marked hemorrhage was never noted in and around the foci.
Phagocytosis of debris proceeded from the periphery, and after 24 hours the muscle was replaced by
granulation tissue containing many regenerating myoblastic cells. Abscesses developed in the vicinity of
the injection site in several rats receiving Tf venom but never after injection of its phospholipase A,
isozymes, PLAZ, BPI, or BPIl. Muscle necrosis after envenomation of 7f venom seems to be due primarily
to direct action of the venom, although vascular thrombosis and ischemia may also contribute.
Interestingly, in rats, myonecrotic Tf venom itself may cause marked and extensive activation of muscle
fiber regeneration. The venom seems to be a strong myotoxin but not a hemorrhagenic toxin.

Tf serum proteins were fractionated by ammonium sulfate precipitation to six portions depending on
its degree of saturability, 0-20%, 20-30%, 30-40%, 40-50%, and 50-70%. The effects of these proteins on
Tf venom-induced rat skeletal muscle damage were investigated with closer attention to histopathological
features of impairment, necrosis, and regeneration of muscle fibers. The results indicated that the rats in—
jected with Tf crude venom together with the serum protein fraction of ammonium sulfate saturation 40—
50% showed necrotic changes were smallest of all in the rats treated together with the other serum protein
fractions. The knowledge that Tf serum proteins are effective in preventing local lesions caused by Tf
venom should shed light on effective medical treatment following Tf snake bites.

Keywords:

Trimeresurus flavoviridis(Tf), Snake venom, Phospholipase A, (PLA.) isozymes, Envenomation,
Myotoxin, Myonecrosis, Skeletal muscle, Quadriceps femoris muscle (QFM), Regeneration of muscle fi-
bers, Myoblasts, Hemorrhage, Serum proteins, Ammonium sulfate
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Introduction

Envenomation of Trimeresurus flavoviridis (Tf)
snake venom causes two main symptoms in humans,
one local and the other systemic. The local symptoms
are severe pain, swelling, hemorrhage, and necrosis in
the bitten extremity and often result in permanent dis—
islands of
Kagoshima Prefecture, this accident accounts for more
than 90% of snake bites.”? Consequently, experimental
pathological studies of venom of Tf of Amami-Oshima
island, one of the Amami islands, have been centered

ability or amputation.” In the Amami

on local muscle necrosis and on local hemorrhage.

We have examined the short-term effects of the
various components of Tf venom on the rat quadriceps
femoris muscle (QFM), with closer attention to
histopathological changes in the skeletal muscles.
Impairment, necrosis, and regeneration of muscle fibers
have occurred even several hours after the exposure to
the Tf venom.” However, the rats were strongly resis-
tant to hemorrhage by envenomation of Tf venom.
Renewed interest in this venom has stemmed from our
recent studies™ of its action on the muscle and the
vascular wall of the rat and of its fractionated compo-
nents which may intimately relate to the pathogenesis
of local lesions caused by snake bite.

In our recent studies,*”

Tf serum proteins were
fractionated by ammonium sulfate precipitation to five
portions depending on its degree of saturability — 0-
20%, 20-30%, 30-40%, 40-50%, and 50-70%. The effects
of these proteins on Tf venom-induced rat skeletal
muscle damage were investigated histopathologically. A
knowledge of which portion of Tf serum proteins are
most effective for prevention of local lesions caused by
Tf venom should provide a clue for the future medical
treatment of those having been bitten by a Tf snake.
In all the rats treated with the mixtures of Tf venom
and its serum protein fractions, those that received a
mixture of Tf venom and its serum protein fraction of
ammonium sulfate at 40-50% saturation had the small-
est necrotic changes.”

Phospholipase A. isozymes of Tf venom

The main components of Tf venom contributing to
myonecrosis are phospholipase A. (PLA:) isozymes.
Five PLA. isozymes have been isolated from T7f

venom®**™®: [Asp®]PLA. called PLA2 (pI 7.9, highly
lipolytic to egg-yolk emulsion and myolytic), more
basic [Asp®]JPLA: called PLA-B (pl 8.6, edema-
inducing), most basic [Asp”]PLA. called PLA-N (pl
10.3, neurotoxic), and two [lys*JPLA;s called BPI and
BPIl (pls, 10.1 and 10.2, respectively, extremely
weakly lipolytic to egg-yolk emulsion but strongly
myolytic). BPI and BPII can cleave arachidonate at the
sn-2 position of phospholipids in the micellar state and
in bilayer membranes with activity similar to PLA2.?
Thus, most PLA: isozymes can be considered to be
myotoxins. The myotoxic action of PLA;s is not neces—
sarily associated with their catalytic activity toward or-
dinary micellar substrates such as egg-yolk emulsion.
They are able to disrupt the integrity of skeletal muscle
plasma membranes and possibly cause an increased
permeability to Ca®* and other ions.

Rats

For histopathological analysis of the susceptibility
to tissue injury by Tf venom, myonecrosis was induced
by envenomation of 7f venom in young adult female and
male rats (80-100 g) of F344 (Charles River Japan,
Inc.,), Dark-Agouti (Shizuoka Laboratory Animal
Center), or Wistar/Furth (maintained in our laborat—
ory" by sister—brother mating) strains.

Envenomation and muscle preparation for patho-
logical examination

Tf crude venom and its PLA; isozymes were
weighed and dissolved in sterile physiological saline im—
mediately prior to use. The experimental rats were
anesthetized with pentobarbital sodium (Nembutal:
Abbot Lab, U.S.A.). The crude venom or one of the
three PLA. isozymes, [Asp”]PLA., BPI, and BPII (50
#g each), in 100 ¢l physiological saline were injected
into the upper two thirds of the right QFM of the rats,
which had been divided into four groups. The control
rats were similarly injected with 100 #] sterile physio—
logical saline.

The animals were allowed to survive for periods
ranging from 30 minutes to 72 hours and were sacrificed
under ethyl ether anesthesia. Both the right and left
hindlimbs and visceral organs, including the brain were
immersed for several days in 10% buffered formalin (pH
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7.4). All tissue was embedded in paraffin, sectioned at
5-6 m and routinely stained for histopathological ex—
amination.

Pathological observations in skeletal muscle after
envenomation (Table 1)

Macroscopically, there were more or less marked
changes of liquefaction necrosis (Fig. 1) with mild to
marked edematous swelling of the muscle mass in the

venom-injected right hind leg. A close examination of
the injected QFM revealed an absence of marked hem—
orrhage.

Histologically, there were groups of affected cells
accompanied by some decrease in fine cytoplasmic
structures, which were located in the periphery of the
muscle as early as 30 minutes after inoculation. At this
time edema without inflammatory cells was observed
and many of the skeletal muscle cells showed edema-

Table 1: Histopatholotical data® following If venom injection into the QFM of rats

Time following  Necrosis of

Regeneration

Tf venoms  envenomation skeletal lrfﬂamma't ory of skeletal Hemorrhage Edema Others®
PN infiltration
duration muscle muscle fibers
30m - ot - —_— +
6h —-~+ + - —~+ +
Thrombosis
Crude venom 24h ++~+++ + 4+ + —~+ ++
(+; focal)
48h ++~+++ + 4+ ++ —— ++ Thrombosis
(+; focal)
h A H~+++ 4 ++ -~ ++ Thrombosis
(+: focal)
Thrombosis
[Asp®] 24h + 4+ ++ + + ++ (+: focal)
PLA, 48h ++ ++ + —~+ + +
24h ++ +~t+ + -~ ++ '['I”:,‘:c":)s
BPI '
28h ++ +~++ ++ -~ +
24h ++ +~++ ++ -—~+ +
BPO 48h ++ +~++ +++ —~+ +
72h + + +++ —~+ +
30m - - - — -
Control
(physiological 24h - — - - _
saline)
48h - - - - -
Total No of rats*** 90 (45 males, 45 females)

*There were no strain differences in the fundamental histopathological changes between the various types of venom or time post—
envenomation. There is no sex difference in the histopathological changes among the various kinds of venom and duration.
**Each group consists of 6 rats (2 Fischer 344 rat, 2 DA rats, and 2 WF rats, one of each sex).

***The total number of experimental rats was 90 (45 males and 45 females).

“There are occasional findings of angiitis with thrombi.
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Fig. 1: A large necrotic lesion in the QFM of a F344 male
rat 48 hours after the inoculation of the crude
venom of Tf. Note the severe and extensive atrophy
of the skeletal muscles of the anterior thigh (arrows)
due to changes of liquefaction necrosis without
marked hemorrhage.

tous swelling. Six hours after injection, necrosis of
muscle fibers in the QFM was indicated by nuclear
pyknosis and fragmentation of myofibrils into homoge—
nous eosinophilic masses separated by empty-looking
segments. There were many areas where necrotic cells
were predominant. Some of them appeared in the initial
stage of cell degeneration, i.e. some muscle cells had
only edematous swelling, whereas other cells were in
the more advanced stage of damage, with formation of
dense clumps of myofibrils alternating with cellular
spaces apparently devoid of myofibrillar material. The
findings support the view that the earliest alterations
seem to take place in the periphery of the necrotic
focus. A very mild inflammatory infiltrate was observed
at this time.

After an elapse of 24 hours there was widespread
myonecrosis; the myofibrillar material in necrotic cells
was more amorphous and its distribution within the cel-
lular space was more homogeneous, instead of forming
dense and clumped masses charactristic to the fealures
of liquefaction necrosis (Fig. 2). A marked and dense
inflammatory infiltrate was present outside the necrotic
cell nests.

Forty—eight hours after toxin inoculation, there
was an abundant inflammatory infiltrate mainly in the
surrounding layers of necrosis (Fig. 3). Even after 72
hours, the QFM still showed an extensive area of
coagulative necrosis, but in some rats the central mass

Fig. 2: Massive liquefaction necrosis of the QFM of a F344
male rat 48 hours after the inoculation of the crude
venom of 7f. Marked inflammatory infiltration is
seen in the peripheral layer (arrow heads).
Hemorrhage is not noted.

Fig. 3: Necrotic mass is surrounded by a granulation tissue
(arrows) with marked inflammatory infiltration.
Note numerous spindle-shaped myeoblastic cells in
the granulation tissue. The QFM of a F344 female
rat 48 hours after the inoculation of the crude
venom of Tf.

i

of necrotic fibers was surrounded by active-looking
granulation tissue with neutrophils, macrophages, and
fibroblasts. Very little fibrosis was observed.
Simultaneously, regenerative proliferation  of
myoblasts, which are characterized by the presence of
myofibrils and rows of centrally—located nuclei, was ob—
served in the periphery of necrotic cells. Proliferation
of small regenerating muscle fibers was most marked in
the rats treated with BPIl and was seen to a lesser
amount in those treated with BPI, the crude venom,
and PLA2. Twenty-four hours after toxin inoculation,

regenerating cells were spindle shaped with scant
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Fig. 4: A granulation tissue in the periphery of a necrotic
focus in a DA male rat 48 hours after inoculation of
the BPL. Many spindle-shaped myoblastic cells have
sprouted from the viable skeletal muscle fibers
around a necrotic mass.

focus in a F344 male rat 72 hours after inoculation
of the BPIL. Myoblastic cells are hypertrophied and
have a round nucleus in their central cytoplasm
(arrow heads). Inflammatory infiltration becomes
mild.

basophilic cytoplasm and a central nucleus. Some of
these cells revealed mitotic activity after 48 hours (Fig
4). Muscle regeneration was observed in the peripheral
fibers of necrotic muscles, while the inner parts of
those muscles were still necrotic. The regenerating
cells gradually became hypertrophic with a light
acidophilic cytoplasm after 72 hours (Fig. 5).
Histological examination of muscle tissue 8 weeks
after the onset of muscle necrosis revealed the pre-
sence of abundant regenerated muscle cells with cen—
trally—located nuclei and a diameter similar to that of
normal muscle cells, indicating that regeneration had

s |

-

Fig. 6: Macroscopical findings of the QFM of a WF male
rat 48 hours after the inoculation of a mixture of the
crude venom of 7f. and its serum protein of ammo-
nium sulfate saturation percentage, 40-50%. Slight
edematous swelling of the anterior thigh (arrows)
without a hemorrhage and there is neither marked
necrotic change nor atrophy of the skeletal thigh
muscles.

T, ey e g R
Fig. 7: A photomicrograph of a very small necrotic focus

(arrows) in the QFM of the same rat as shown in
Fig. 6.

taken place successfully (data, not shown).

There was little hemorrhage through the whole du-
ration of 8 weeks. Most blood vessels looked normal,
but in some animals inflammatory infiltrate was noted in
the vascular walls and platelet thrombi were found in
some medium—sized blood vessels. There were several
peripheral nerves showing marked edema in the
endoneurium, but without apparent structural disinte—
gration.

Muscle necrosis followed by muscle regeneration
Thirty minutes after injection of Tf venom the
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Fig. 8: A higher magnification of Fig.7. The field is com-
posed mainly of numerous inflaimmatory cells and
regenerating myoblastic spindle cells.

initial change of muscle fiber necrosis was widespread in
the QFM, where most blood vessels looked normal and
contained no thrombi. These findings suggest that ne—
crosis is an early event, which probably results from a
direct venom action on muscle fibers. However, 24
hours later the venom caused collapse of blood vessels
with or without vasculitis and thrombosis. The resulting
ischemia may have contributed to the genesis of the
myonecrosis, as seen in animals receiving the various
types of snake toxins, i.e., the crude venom, BPI, BPII,
and PLAZ2." The absence of inflammatory cells and
unphagocytosed necrotic muscle fibers suggest that
there was no blood flow through the central necrotic
area. A delay in phagocytosis was also observed after
inoculation of the venoms from other snakes. The col-
lapse of blood vessels was also considered important in
the pathogenicity.

On the other hand, muscle necrosis induced by
local inoculation of the various kinds of snake venoms
is usually followed by rapid phagocylosis of debris at
the periphery of the necrotic area. The clearing of nec—
rotic materials by phagocytes was followed by a rapid
regeneration process. Myoblasts were observed 24
hours after the onset of myonecrosis, and by 8 weeks
regeneration was complete (data not shown). It was
common to find many regenerative cells of a size similar
to that of adult muscle fibers but with centrally-located
nuclei. The success of regeneration after myonecrosis
induced by Tf myotoxins might be due to the fact that
neither nerves nor blood vessels are markedly affected

by these toxins, since adequate blood supply and
innervation are essential requirements for muscle re—

generation.' "

Tf venom and hemorrhage

The most striking effects produced by parenteral
injection into animals of many snake venoms including
Tf venom are local and consist of marked hemorrhage,
myonecrosis, and edema.”™ "' It is well known that the
pathological signs characteristic of 7f bite in humans,
rabbits, and mice are extensive hemorrhage and necro-
sis.”” Our experimental rats, however, failed to demon—
strate hemorrhage as a predominant sign of snake
venom injection. We used three strains of rats and four
kinds of preparations derived from Tf venom for our
experiments. In spite of the different strains of rats and
the kinds of venom preparations, we could not observe
hemorrhage in and around the injection area.

It is of great interest whether or not the same fac—
tor of this venom is responsible for necrosis and hemor-
rhage. However, little is known about this point.” Many
researchers stated that hemorrhage is due, at least in
part, to the action of myonecrotic enzymes such as PL
Aws."” However, in terms of local hemorrhage, our re-
sults did not agree with the general view that snake
venoms produce bleeding at the injection site.
Pathological observations indicated that the easily dis—
cernible local changes produced in humans, rabbits,
and mice by T bite injury were related to hemorrhage.
In the present experiment, Tf venom did not give rise
to any prominent bleeding in rats even locally, but pro-
duced myolysis accompanied by edema.

Some investigators have  suggested  that
proteolytic enzymes are the factors in hemorrhage and
necrosis.”™" We observed, however, that the degrees
of hemorrhage and necrosis were not always in parallel
with proteolytic activities. Furthermore, there is a re—
port that crystalline trypsin produces local hemorrhage
but almost no myonecrosis.” This seems to indicate
that both changes depend not only on proteolytic en—
zymes butl also on other certain enzymes or factors.

A few reports have described the occurrence of

16.17.18) It was

vascular lesions in a poisonous snake bite.
confirmed that erolalinae and viperinae venoms con—

taining both myonecrogenic and hemorrhagenic
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activities inflicted damage on the arteries and elapidae
venoms devoid of hemorrhagic activity fail to cause sig~
nificant changes inarterial walls. The important changes
responsible for developing arterial lesions appear to be
injury of the endothelium and disintegration of the
media. It has been reported that 7f venom attacks en-
dothelium and smooth muscle of the media when the
venom is injected close to the arteries. This suggests
that both hemorrhagenic and myonecrogenic factors
play an important role in the involvement of local blood
vessels.”” Thrombi were observed in local arteries at
the sites injected with several kinds of venoms. In our
experiments the frequency of thrombus formation was
not always in parallel with the severity of arterial le—
sions and of local hemorrhage and swellings. Important
factors causing thrombosis are slowing or eddying of
the blood stream, injury to the lining of a blood vessel,
and alterations of the blood. If a longer period of time
had been allowed to elapse between injection and
autopsy, there would probably have been more throm-
bus formation, as viperinge and crotalinae venoms pro-
duce the conditions bringing about this kind of
lesion.”

Serum proteins acting as inhibitors against 7f venom

In conformity with improvement of the medical
treatment of 7f snake bite, the majority of recent vic-
tims have been saved from severe generalized symp-
toms and death. However, local tissue damage is
inevitable, and in some severe cases this is responsible
for subsequent serious slough in the major extremity
and eventually leads to amputation. Therefore, it is still
an important task to prevent the severe and extensive
damage of skeletal muscle tissues caused by myotoxins
in Tf venom.

Recently, the proteins with binding affinity to 7f
venom PLA;s were fractionated from the serum of 7f it~
self on four columns, each conjugated with one of four
PLA; isozymes, PLA2, PLA-B, BPI, and BPIL" Five
PLA: inhibitory proteins, termed PLA. inhibitors, PLI-
1~PLI-V, were obtained. PLI-IV and PLI-V is mostly
bound to PLA2, whereas PLI-I has affinity mostly to—
ward basic PLA:s such as PLA-B, BPI, and BPII.

Purification of PLA. inhibitors from Tf serum by
affinity chromatography is quite laborious and it is

difficult to obtain the inhibitors in large quantities using
this method. For these reasons, Tf serum proteins were
fractionated into six portions, using ammonium sulfate
precipitation. The fractions were based upon degree of
saturability — 0-20%, 20-30%, 30-40%, 40-50%, and
50-70%. The effects of these proteins on Tf venom-
induced rat skeletal muscle damage were investigated
with closer attention to histopathological features of
impairment, necrosis, and regeneration of muscle fib-
ers. Such studies have stemmed from our recent de-
tailed studies of the injurious action of 7f venom and its
components — some PLA:s — on skeletal muscle
fibers.”

Fractionation of Tf serum proteins

Blood of Tf was collected and its serum was pre—
pared by removing precipitated erythrocyte and fibrous
proteins after keeping the blood at 4°C overnight and
stored at -80°C. Ammonium sulfate was added to the
serum portion at 0°C. At 20% saturation of ammonium
sulfate the precipitate was collected by centrifugation.
The supernatant was then brought to 30% ammonium
sulfate saturation and the precipitate was collected.
The same procedure was repeated. The proteins col-
lected were dissolved in water (or 0.05M Tris=HCI, pH
8.0), dialyzed against water, and lyophilized. The pro—
teins obtained from 50 ml of Tf serum were 0.15g,
0.36g, 0.35g, 1.33g, and 0.55¢ for 0-20%, 20-30%, 30-
40%, 40-50%, and 50-70% ammonium sulfate saturation,
respectively.'”
weighed and dissolved in sterile physiological saline just
before use.

Each serum protein fraction was

Injection of 7f venom together with its serum pro-
teins into rat skeletal muscle

The rats were anesthetized with pentobarbital so—
dium (Nembutal: Abbot Lab, U.S.A.). A mixture of Tf
crude venom (50 zg each) and each serum protein frac~
tion (50 g each) in 100 zl physiological saline was in—
jected into the anterior aspect of the QFM of each rat
of the first five groups (Group 1-5) in the order of in-
creasing degrees of ammonium sulfate saturation —
0~20%, 20~30%, 30~40%, 40~50%, and 50~70%
(Table 2). The crude venom (50 #g) alone in 100l
physiological saline was injected into the rats of the
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Table 2 Histopathological findings in QFM of rats treated with mixtures of Tf venom and its serum protein fractions

Tf venom
+ Necrosis® of .
Fraction® of skeletal Inflammatory Regeneration
. . X of skeletal Hemorrhage Edema Others
Tf serum muscle infiltration
. . muscle fibers
protein (Group tissue
of rats)**
0~20%" 4\ b4t ~tt ++ —~+ +++
(Group 1)
20~30% ++ e~ ++ -~ F~tt
(Group 2)
30~40%
-~ +~++ ++ —~+ —~++
(Group 3) +
40~50%
-~ +~++ ++ —~+ -~+
(Group 4) +
50~70% +~++ +~++ ++ —~+ —~++
(Group 5)
Crude venom thrombosis
+ + -~ +++
(Group 6) the + + + —~+
Saline only _ _ _ _ _
(Group 7)

*The percentage values represent the ammonium sulfate saturation ranges for fractional precipitation of the

serum proteins.

**Each group consits of 6 rats (Wistar/Furth strain; 3 females + 3 males).
“The necrotic changes are composed mainly of liquefaction necrosis. Coagulative necrosis is focally noted.

sixth group (Group 6). Sterile physiological saline was
injected into the rats of the seventh group (Group 7) as
a control. The animals were allowed to survive for a pe—
riod of 48 hours. Hindlimb muscles for pathological ob-
servations were prepared as described in Table 2.

Effects of 7f serum proteins on rat skeletal muscle
necrosis induced by 7f venom

In the rats inoculated with 7f venom (Group 6) and
with a mixture of 7f venom and its serum protein frac-
tion of ammonium sulfate saturation percentage 0~20%
(Group 1), there was a widespread myonecrosis. The
myofibrillar material in necrotic cells was more amor—
phous and distributed within the cellular space as dense
and clumped masses which show liquefaction necrosis
instead of being more homogeneous looking coagulative
necrosis. An abundant inflammatory infiltrate was seen
outside the necrotic cell areas, mainly at the surround-

ing tissue layers of the necrotic muscle cells.

Simultaneously, regenerative proliferation of myoblasts,
which are characterized by the presence of scanty bas-
ophilic cytoplasm, was observed in the periphery of
the necrotic cell areas. The regenerating cells were
spindle-shaped with a central nucleus, with some re-
vealing mitotic activity. There was little hemorrhaging,
although edema was considerably marked. Fibrosis was
not conspicuous.

The size of the necrotic areas became smaller and
smaller in Groups 2, 3, and 4 in the order of increasing
ammonium sulfate saturation — 20~ 30%, 30 ~40%, and
40~50% — which agreed well with the fact that prolif-
eration of small regenerating muscle fibers seemed
more and more marked (Fig. 4). However, the rats of
Group 5 (ammonium sulfate saturation 50~70%)
showed relatively greater necrotic changes than those
of Groups 3 or 4.
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Significance of serum proteins for treatment of
snake bite

Many venomous snakes are resistant to their own
venoms. Their natural resistance to their toxins is due
to neutralizing factors in their sera. These factors must
protect against toxicity due to accidental bites by a
venomous snake itself or by fellow snakes. Inhibitors
against snake venom PLA:s have been isolated from the
sera of various snakes and their primary structures de-
termined. A PLA; inhibitor (PLI) that neutralizes
Aghistrodon blomhoffii siniticus (mamushi snake) PLA.
was isolated from N Crotalus PLA: -
neutralizing factor was isolated from Crotalus durissus
terrificus serum.” As mentioned above, five PLIs
(PLI-I-V) were isolated from Tf serum." PLI-IV and
PLI-V are identical to PLI-A and PLI-B purified by
Inoue et al.”™ However, purification of these inhibitors

its serum.

from snake sera is laborious and the yields are low.
Thus, an effective method for the preparation of a mas-
sive volume of inhibitors is necessary. The ammonium
sulfate precipitation procedure was thus employed in
the present study to obtain the effective fraction in a
large quantity.

The present study demonstrated that the rats of
Groups 3 and 4 inoculated with the mixtures of Tf
venom and its serum protein fractions of ammonium
sulfate saturation 30-40% and 40-50% had much smaller
necrotic foci in muscle as compared with the rats which
were treated with 7f venom alone and with the mixtures
of Tf venom and its serum protein fractions of ammo-
nium sulfate saturation 0-20 and 20-30%. The foci for
Groups 3 and 4 were surrounded mainly by granulation
tissue containing numerous macrophages and regenera—
tive myoblastic cells. Edema was also not so marked.
These facts suggested that inhibitory proteins against
myotoxins were contained at high concentration in the
Tf serum protein fractions precipitated by ammonium
sulfate saturation 30-40% and 40-50%."

The results obtained in the present work suggest
that the inhibitors in 7f serum against its venom
myotoxins were effective in improving the myotoxic in-
jury caused by Tf bite. Since application of excessive
doses and/or repetitive application of anti-Tf venom
antisera induce serious medical problems, it is expected
that application of 7/ serum inhibitors in an appropriate

way could provide a useful method of therapy for snake
bite in the near future.

Acknowledgements; This work was supported, in part,
by a Fund for Promotion and Development of Amami
Islands sponsored by Ministry of Land, Infrastructure,
and Transport of Japan and Kagoshima Prefecture
Health and Social Welfare Department.

References

1) Homma M & Tu AT: Morphology of local tissue
damage in experimental snake envenomation. Br ]}
Exp Pathol 52, 538-542, 1971.

2) Kagoshima Prefecture Health and Social Welfare
Department Pharmaceutical Affairs Division:
Outline of measures taken against poisonous snake
"Habu", in the finacial year 2001. Kagoshima
Prefecture, 2002.

3) Kitano M, Hirano M, Yahata M, Umemura E,
Yoshida A, Hattori S, Ueda N, Tsuru D & Ohno M:
Muscle necrosis and regeneration with lack of
marked hemorrhage induced in the rat after
envenomation of Trimeresurus flavoviridis venom
and its components, phospholipase A2 isozymes.
South Pacific Study 22, 31-39, 2001.

4) Kitano M, Hirano,M, Ishihara T, Yoshida A,
Hattori S, Ueda N, Chijiwa T & Ohno M:
Trimeresurus flavoviridis serum protein can pre-
vent skeletal muscle necrosis induced by its venom
in rat. South Pacific Study, 2002 (in press).

5) Liu S-Y, Yoshizumi K, Oda N, Ohno M, Tokunaga
F, lwanaga S & Kihara H. Purification and amino
acid sequence of basic protein I, a lysine-49-
phospholipase A2 with low activity,
Trimeresurus flavoviridis venom. J. Biochem.
(Tokyo), 107, 400-408, 1990

6) Kihara H, Uchikawa R, Hattori S & Ohno M.
Myotoxicity and physiological effects of three
Trimeresurus flavoviridis phospholipases A2.
Biochem. Int., 28, 895-903, 1992.

7) Tanaka S, Mohri N, Kihara H & Ohno M. Amino
acid sequence of Trimeresurus flavoviridis
phospholipase A2. J. Biochem. (Tokyo) 99, 281~
289, 1896.

8) Yoshizumi K, Liu S-Y, Miyata T, Saita S, Ohno M,

from



24

9)

10)

11)

12

~

13)

14)

15)

16)

Motoo Kitano, Aichi Yoshida, Shosaku Hattori, Motonori Ohno

Iwanaga S & Kihara H. Purification and amino acid
sequence of basic protein |, a lysine-49-
phospholipase A2 with low activity, from the
venom of Trimeresurus flavoviridis (habu snake).
Toxicon 28, 43-54, 1990

Shimohigashi Y, Tani A, Matsumoto H, Nakashima
K, Yamaguchi Y, Oda N, Takano Y, Kamiyama H,
Kishino J, Arita H & Ohno M. Lysine-49-
phospholipase A2 from Trimeresurus flavoviridis
venom are membrane-acting enzymes. J.Biochem.
118, 1037-1044, 1995.

Kitano M, Hatano H & Shisa H: Strain difference of
susceptibility to 4-nitroquinoline 1-oxide-induced
tongue carcinoma in rats. Jpn J Cancer Res 83,
843-850, 1992,

Queiroz LS, Santo-Neo H, Rodriguez-Simioni L. &
Prado-Fraceschi J: Muscle necrosis and regenera-
tion after envenomation by Bothrops Jararacussu
snake venom. Toxicon 22, 339-346, 1984.
Gutierrez JM, Chaves F, Gene JA, Lomonte B,
Camacho Z & Schosinesky K: Myonecrosis in—
duced in mice by a basic myotoxin isolated from
the venom of the snake Bothorops Nummifer
(jumping viper) from Costa Rica. Toxicon 27, 735-
745, 1989.

Ohsaka A, lkezawa H, Kondo H, Kondo S &
Uchida N: Haemorrhagic activities of Habu snake
venom, and their relations to lethal toxicity,
proteolytic activities and other pathological activi-
ties. Br J Exp Pathol 41, 478-486, 1960.

Okonogi T., Hosugi S, Homma M, Mitsuhashi S,
Maeno H & Sawai Y: Studies on the Habu snake
3-2. A
histopathological changes caused by crude venom,
purified Habu-proteinase and other proteinases.
Jpn J Microbiol, 4, 189-192, 1960.

Lomonte B., Lundgren J, Johansson B & Bagge U:

venom. comparative  study of

The dynamics of local tissue damage induced by
Bothrops asper snake venom and myotoxin Il on the
mouse cremaster muscle: an intravital and electron
microscopic study. Toxicon, 32, 41-55, 1994.

Mandelbaum FR, Serrano SM, Sakurada JK, Rangel
HA & Assakura MT. Immunological comparison of
hemorrhagic principles present in venoms of the
Crotalinae and Viperinae subfamilies.Toxicon, 27,

17

18)

19)

20)

21)

22)

23)

169-177, 1989.

Matsui T, Fujimura Y & Titani K: Snake venom
proteases affecting hemostasis and thrombosis.
Biochim Biophys Acta 1477, 146-156, 2000.
Estevao—Costa MI, Diniz CR, Magalhaes A,
Markland FS & Sanches EF: Action of
metalloproteinases mutalysin | and Il on several
components of the hemostatic and fibrinolytic sys—
tems. Thromb. Res. 99, 363-376, 2000.

Nobuhisa I, Inamasu S, Nakai M, Tatsui A, Minori
T, Ogawa T, Shimohigashi Y, Fukumaki Y, Hottori
S & Ohno M: Characterization and evolution of a
gene encoding a Trimeresurus flavoviridis serum
protein that inhibits basic phospholipase A2
isozymes in the snake’s venom. Eur. J. Biochem.
249, 838-845, 1997.

Inoue S, Kogaki H, lkeda K, Sami Y & Omori-
Satoh T: Amino acid sequences of the two subunits
of a phospholipase A2 inhibitor from the blood
plasma of Trimeresurus flavoviridis. ] Biol Chem,
266, 1001-1007, 1991.

Ohkura N, Inoue S, lIkeda K & Hayashi K: Isolation
and amino acid sequence of a phospholipase A2 in—-
hibitor from the blood plasma of Agkistrodon
blomhoffii siniticus. J. Biochem. (Tokyo), 113,
413-419, 1993.

Fortes-Dias CL, Lin Y, Ewell J, Diniz CR & Liu T-
Y: A phospholipase A2 inhibitor from the plasma of
the South American rattlesnake (Crotalus durissus
terrificus). J. Biol. Chem. 269, 15646-15651,
1994.

Perales J, Villela C, Domont GB, Chomet V, Saliou
B, Moussayche H, Bon C & Faure G: Molecular
structure and mechanism of action of the cotoxin
inhibitor from Crotalus durissus terrificus serum.
Eur. J. Biochem., 227, 19-26, 1995.



ArdR 95 E T (Hepatocyte Growth Factor)

REphARI%E 23:25~35, 2003 25

JFRiReEHRE T (Hepatocyte Growth Factor)
—ZDRROEBERLFICENEZDTE COEMMREE—

RIE 4

HE YR By R 2 U e 2 e

Hepatocyte Growth Factor

- Its Discovery and Physiological Roles in Dentistry -
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Abstract

Human hepatocyte growth factor (HGF) was first discovered in plasma from fulminant hepatic failure

as a potent mitogen for adult hepatocytes in 1985, and it was purified from the patients’ plasma in 1986

in our laboratory. However, subsequent studies have revealed that HGF has various physiological activi-

ties such as mitogen, motogen, morphogen and angiogen to most of epithelial and endothelial cells. Thus,

HGF is now known as a broad-spectrum and multifunctional cytokine involved in a variety of physiological

processes, including tissue development, regeneration and wound healing. In this review, a history how

HGF was discovered is described. [t is also described the physiological roles of HGF, especially in oral

biology.

Keywords: hepatocyte growth factor, scatter factor, physiological role, oral biology.
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DERBLTVED, FOLMKIZITHES DRIRELT
2IIML, HADOLMIZEMIA TV LW EXFEEL
TH<,

S DDNADLIEESNAHHGFD 7 3 / BERLHI &,
BAOY o370 FNEOHRAEERBL-L A,
TIAI) =4 EDRBRERDY 237 LBV
HEEAROH N, FIZTSTAI ) =42 LIICysD
RHIZZ—FK L1, H41E, ErDTFRI/ =¥
COWENLHEE L -HGFOMETH D, DA,
HSAN-R MR IC IR 2 BOS-SEEGI SR BATE S
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M

Sy

Met !

487

Arg %

RRC kM

s ESINKE ~\

535

B4 T5ZX3/7-5OBEH»SHEL & FHGFOIRE,
MEE, Yo BREREDAF A hOBA LT I /R

EOHFTERL,

— AR DOmMRNAD & I & L 7:Pro-HGFIE, <~ DR T

HGFAZ 2k Y 7ut v L v ¥ 22 TiEMbah b, —, S-S#&
WA, <Glu, K07V % I8 KI~K4, 7)) 7k ; @, Cys

7k &, N-RS ORISR SRR,

W—FHFEEL, SOANTEN—TEGHEMEA
2 ST A PHESE V. Pro-HGFIX I D¢
MANERICHBLTHBEEILNTVSER, AN
D UESBRIICEL 7)) v 7 VEEE, 3 HOS-SE
BB N EEEEIIBRD 2 ) Y S VER T
MIPTWwa I o INA DT, MFEEM
BROY o NRTICESRON, o7 WOMEER
WKEEL AL VEHEESNR TS, HGFTIE, &
D) IAEE 4B, FHEE (c-Met) ED
BEIEELAWERAZLTVR LHEESNTWS,
Pro-HGFI%, 73 A 3 /=% EalkiZArge ValD
AT oty oy 72 S CEPENLRGEEOH S
HGFIZIEt SN 5 %, HGFOBRH DT I / KLy %
BRak, ) r7usr7—EoiEtp.LCdh SHHis,
Asp, Ser®WN, HGFTldHis& Serdbn7 3 /#& (&
BLTWBS (M3), 7oF7—¥L L TOE

v, LHL, T0L) LHGFLEBRIERD Y
Py e EVHEIMEE, HGFA EiE Lo 818 T,
COBEREROMETFERAL B szboL
EES NS,

7o, BHENFRBEMBE»HHBLUIHGFB LU
AR AEHCGRO S & BHON-KMT I / Bk £ h
Fhipg Lo 25, BHON-KHIL, HHOMeth
HHRTREHDOCGIARIMEL LT VS 3 VB,
BHOFNIZ5FEEHOVATH LI L EH LML
-3 —77, Nakamura & (Z TS ON-K ¥ AS5F H 0
ProTHHEHEL TVAEYT, ThfohniRYy
TH59,

3. HGFODBH i E4piEME
KA DB ZOUIELRED -5, HGFIZNFRMLICKE
R L WFET- & EZ TW/zA, 19914E12FE D, HGF
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ZEERLEMEROH L AR LW LENIZEH
72 F0 1 21%, HGFAHIBSHAETF (scatter factor,
SF) LR—% 10 TCHAHZLDAWTHAS, SFI,
BEHEEWVIZECEESLTws LA 2 E £ 1258 &
&, SHICHRICERIEES 2 AHETFL LT, gD
RERPHMAROGBIIHES LTwEEEXOGR, £
LTI -0y RTRAPFEZIN TV DTHEH,

19904E G & Z DSF & HGF D 1ills% B Atk & h
2L ho2?, THIZOVWT, KAEFIYD
Essen kK & DIFMFEIZL D, HGFESFHR—% >~
NI ThHHI L%, FTOEWEESL L UDNADFF
s0—= K VHEMILET, — K, HREZ
o (HENFUEEMEERER) %, »280Hd
RiZad U CHImmmen @ < B & LT %D T
V2 7-tumor cytotoxic factorb, HGFEfj— % v /82 C
HDHZENHHI NI, & 512, KIENIHOD Aaronson
DIN—=T%, 1L LERB X UCREROMRIZ T
SHFAE T & L TR L ED TR (fbroblast-
derived mitogen) %, 19914EIZHGFEF]—¥% >80 T

HHEZENWLNE ko™, T2, HGFOEEKIL,
c-Met L HEN S RIBRIETEHTH S Z & HRELELS
WoHhbholk®™®, t£-T, 19914ELEHGFE V)

1 20ORTF FERTFIE, 120SEREHFLTSHHE
EhEtE 2 BB AN H - SRERTA M
A>D12 LTHBENDLLIIZLY), FROAL
57, HicxOHBOEE, BHICATROBTFEER
bNBEIICH7:DTHE, k1, TZFTO
HGFIfAENIER T L O/ bDTH 5,

ZDLI) LERLEYHE LD H HHCGFOZBEH
12&0w) 2L, c-MetllENEMMRBATH S &7
FIUEERBIEHTHLI L2 FRL TV S, o
Met{ZHGFA*# 4T 5 &, c-MetDFRI@R] 3 25508
NEBICHEETEFOY U 3+ —¥hEMILEh, K
WTEDC-KICIET 5L BERSESHM (multi-
functional docking domain) MO F T L XKL (FFIC
Tyr** & Tyr™) A%, A2 YE{bksh, E5(ISH2F
AL EFEOMA DS TFVSEW RIS ZIZEEL
T, DBOSERE LV FVEEETHLEZOATY

Tissue injury

Z

Thrombin

~. 7.

HGF activator-b HGF activator-a
( HGFA-b) (HGFA-a)
HGF suppressor HGF inducer
(dexamethasone etc)  (IL-1, TNF-a etc)
\ Z —
< S — Pro-HIGF mature HGF
(singlc chain) (heterodimer)

Mesenchymal cells
(fibroblasts ctc)

E5 HGFEM{EDH R4 — K,

7

c-Met — | Biological activity

Prothrombin & HGFAD 1§ fk (Pro-HGFA, HGFA-b) (%, NFIETEM S, Mz
FWENTHRL TV 5, —HPIEMBIOHGE (Pro-HGF) (&, SEEFHI 2 L o3
T CHE SN, MRAERIZEEGLTY5, MBIOM WL & Tl M RANEIEIL
&M 5 &, prothrombinA’thrombiniZ i &, thrombinA*HGFA % ifik{k (HGFA-a)
5, TOHGFA-ali A~/ P IZBHED S, St s N BEOMBINETIZHE
LT, ZFDHMEDPro-HGF % iG1E BRI OHGFIZEE T B, K\ T, HGFAS LR Ry % &
DZTER (c-Met) 1IZ#B L, ML D0EWEMNLIERLBIT,
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b0 THHIZDOWVTHE L DHENDH LN, Tk
HT 5, M, TOHHEOERLZ L™ 2B
iz,

4. HGFOEAFHE & iEMAL

LROMREESS, ThEF TARETH - 1HGF
DOEEMME, FEICBEROMNE (B2 IT8HESAI)
THEI LY IhoTEL, ShESZIFTIRAL, #
MM TOHGFEA Y, IL-1R°TGF- o 7 ¥ D %4E
WA ML CHEEESNLILEEZHMOTHLMIZL
=B B LIEDR, $ OHGFREAEFYREFARE
e, F 7, DERME O RS S b HOFE A % i
TAZENHLNIZ > THBE™ Y,

B L7 & 912, HGFiZ | ZZDmRNAD & A2 04
gtk ¥ kvpro-HGFE LCREE S h, F0K%T
Oty ¥y 7 2Z CEPENLFHEOS 5 HBM
(NFO¥AL<w—) HGFL % b, D7ty 7
12, HGFOEAMMBA TR 5 L2 b TwniN,
0k, HIKaHSidpro-HGFE L TR ENDB Z AT
Horehbh, ik, = OHIBITHGF %ML

¥ % B T-Hlurokinase TdH 5 & 1992412 F L7122, L
ML, F0OH 1 FEHIIMivazawa™ S (Epro-HGFIZxF L
Turokinase X W {2 NIZFE OB VHHOL) 71
F7—E&2Mif s8R L, HGF-activator (HGFA)
L@ Ll. BAETIE, HGRiEMILoERIZI D
HGFAL Z X bhTWwh,

Z DHGFA S NGt R Dpro-HGFAL LT, E£& L
TR CER SN, MPizsWS7zi%, thrombin’e
ity 7oty Py X et LR OHGEA
i 2%, vhbb, HGRIZMHKERRD £ » 71
FT7—EhAr— FRIGENLCHEBILENDEDTH
AH, SHIZHEERVT L1Z, pro-HGFAIZ A/ &~
23 L THMEEAME C, RS iEME L BIHGRAIZ A /S
) rx LCHAESE V. METRELAZLI IS,
pro-HGFIZ A/ ) 23 5 Btk W0, il
HETEHEEGLTVAEEILNTVAI DS,
HGFA{ZthrombinZ: &i2 & 1 ML S WA RET CHIME
HNEFEHEL, 2O Dpro-HGF% {fFtE{b L T,
HED-Met 2 BB L TW5B LR VIZHNEROH
floxt LCg 29 AR L, HRo|E, 55

F2 WeOk MEBPOHGFRE (Ohnishi and Daikuhara® % 1 2BEHEF)

o .. HGFi¢ ) .
X G 1 i
W KR (pg/ml) X W
ik il 200 + 170 (41)
BIFERT % 12,140 £ 14,420 (40, 41)
BT R 550 + 1,040 (41)
FHSA 480 + 300 (41)
Sk 2,300 + 610 (47)
gk o ERHE 30.7 + 9.8 (48, 49)
T NI = 81.2 + 32.7 (48, 49)
W s 186 - 290** (50)
#itk 453 - 619*? (50)
WAL R EA 1,700 + 730 (44)
WREEE 3,230 + 1,010 (44)
(pg/mg creatinine)
173 WE 9 % 2 (51)
i 19.3 £ 7.1*° (43)
AT A 139 * 45 (51)

Bitily, *2 2R &Y £ SD,
* 1 AR 3 X O REEEE,
%2 FHREB L LR,

*3 HRHEEHGE ELISATHI%E.
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K5 LTWwAEERLND (H5),

5. HGFDEEBMNERE (FICHREZHSH)

HGF &[] — % v /37 LEE & /eSFik, #idL7:
912, RoEBARICES A ETL LTiHfEsh
T/ 5D THH, SonnenbergH* 1X, =7 AR4M
D4 DT, HCGFAHIERMABBTRIL, cMet
EOEGEO LR TRIL TWE I EEHLMNC
LT, HGF* LB -HEHEIEH Dmediator Tdh 5 =
LEMOTRBE L, ZOHHGFRIR~ Y A0ES
hih, COVDLWBHGF/ v 727w b7 ALk
H13~16HBIZTRTRIZESL*> ™, TOHEER,
HGFA Hi 4 DR B OREIFATROBFTHHI L
EFRTHLOTH B,

WOREIZBWCOREBTH > T, HGFIZHIED
WALEAIEIZ, cMetlIPM T F AV L HIBIZRIL
T, EFLEEOERIZEE L TV5, Tabatab® [,
WEOBELERFZ*HVT, HGFOREBRZMHIT 5
LRELEE (bW 3 inside-out’) DWEIEATERK &
BB LTVS, /2, HEDOERY Tldc-
MetASRFLENHMIC S EIL TH Y, HGFAF— b
7)) CENCHRILEHORFICODMS LTwaEEILR
3™,

R OHGFIRE L, 4 0B VIZHERY
LM, HFICHBORERICEATS (£2), 20
A, BHFEL S ORBERROBOMPRETH-
T, BHERFROBEICICA STV 25, Zofiiic
L4 DIFRBOBIZMPHGED LANRHONT
WEY, T RRER VSO B ER TOHGE
DOERIL, RIEHUA ML L EIZX AHGFESE
FMIIHRTHEEZION, EEHEHRIED 1 DEL
T, BELZIFHMBOBEE, BEICBHSLTVEL
EXZONTWD, 4512, ORENORIEHBIIEE R L
CHRTHOHEIR L, TABIIER SR W E
BEPSHONTVEHETH LA, Z0FHIZD
WTHORERO#EHE COHGFRIANER & LY od
BUICHSN, Eh@EuEFRERESATEYY,
HGF %2 B iGN - O DEHFEL LTISH LB LT
REEARBELTWwE, 852, H4sDFiPHGFL
NVDLER%Z, EROBRICIEHTA LWL &
A9,

ERD LS, HBICRERBEIE D LHGF
DEENFHEINS Z L1, 4 DS THGF mRNA
LRVOLERIZE DREEINTVEH™, ZORHAT
CORBEHCGFBENX LA LTV D, ERIZWEL

eI, FRA 1T, WARBBZEORMESHE
P, ZOREOREREICIE L TR CHELE SN AHGF
BENKBL TWAEOTR LW, EEZ, LPL,
REUEAS10~20p1 &\ 5 Bl 2 8 P98 8 tH L O HGF
BETHET S LI, LeHLANIHARLY, BE
R & LTV BHGF ELISA (KIFEMIE, HIE AL ;
200 pg/ml) CRATMETH %, FZTHRL I, £TH
IREHGF ELISA (WZERE 2 pg/ml) ZHELY, Z
REFVTHAESERPOHCGFREXREL L
C A, EHATIELT ng/ml, FAWBREBHEATIE
3.2 ng/mITHo7" (£2), “OBEIL, in vitro®D
FRTHAELEAROEE L RBET I TH5%2b0TH
5%, ¥R, /BEEO T OHGFIEREA%0.2
ng/ml (X2) THHrItxE26b¥sE, HAT
WRERBICHGFAEE SN, ELIZFORETERED
EHESBOMEE R, Herend L4202 %
PGE."® & 5 WIIOBERNHAEOWAERS™ Y & £ TH
BENTWARIEERLTWS, 727, HEHEETH,
FROMMAEERE DL o THHEZELIEDEZLDL
Na:8, COHGFOEEFEUNEEFHRICE D
B, BWIFORT L DPEBBOFTHINLEZALT
HH9, L L, HGFIZGHV M EHEEHLET S
ZEhs, RAIGHGFYEFAEBROBHIZGV T
BLrEXZTWVWAE, T4, W LEMHGTIE
HGFAL A SR TWVBE I L bHLAIZL Y,

6. HGFDBEKISH

FeAe FOHGFERER L TH20EIEEL 1
oM, RS, BER, IEREL LOERBWE
BEFNVIIHGF% S, $5WVIZHGFREF LA
T5L, EROYE, BREROBTLY, H50FD
HHFBELMESA TS, Lo L, 2OEHGH
ELHIIOVUENY TH B, TDI L, KBEKFE
DHETHE—BIEIEAN, A FY—v NI FH LR
D|}HIE D, HGFR{IZF % b + HEMBIERE(LIE
BEIZBATLIRATHREETTESR, HVAILC
FEREIMFE IR T3, 7, BHEFHIR X KHGF
(&, +TIZ1995%EH HSigmaZe EA GRFE L L THIK
EhTBY, IhHEHVTIRETE { DHGFIFE
D s NS, N BFica—o v ) Tk, MRz
BHGF# AV - ALFBOBELEATVS, 85
12, 20024E 4 A6 1%, FEKFEEBHREEIESR
EfMEM 7oy 1oL LT, Mtz &HGF
ERHER 7% EOFRBEHEFICHVIRA (FFFERE
AT SBERRESSARE) LRBEL



IR 58 E -+ (Hepatocyte Growth Factor) 33

2o SRNOHDOMFEIZEY, HGFORBKREAENM1H D
BOERTAI LT 2 L0, WESEHCOR
RIS BV P NEZ L 2> TV 3,

|

3

&4 OHGFRFZE D —ERIZ, CIBE (SrEpFhEd)
RUBBEAHRAE ORETRR MBI E (—BHi%,
HBRFIE, MALERIBIE, WEEEWELL), RU
W ODDORBIEED S DRFFMEIZL D ETESR
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