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Abstract

We found the existence of a hepatotrophic factor in plasma or sera of patients with
fulminant hepatic failure, and have recently purified a hepatocyte growth-promoting
factor, human hepatocyte growth factor (hHGF) from the plasma obtained during the
plasma exchange therapy of the patients. The hHGF level in plasma changed parallel with
the coma grade of the patients, and it rapidly decreased to almost the normal level when
the patient recovered from the disease. Thus, the plasma hHGF level seems to be the
result of a self-defense mechanism and hHGF may be a physiological hepatotrophic
factor for human liver regeneration.

In this review, we summarized our recent papers on hHGF including purification and
characterization of hHGF, amino acid sequence of hHGF deduced from its cDNA sequence
and plasma levels of hHGF in patients with liver diseases determined by an enzyme-
linked immunosorbent assay using polyclonal and monoclonal antibodies against hHGF.
Because the amino acid sequence of hHGF has high homology to some serum proteins
involved in blood coagulation and fibrinolysis such as plasminogen, we also discussed
and predicted the secondary structure of hHGF from that of human plasminogen.

Key words
Hepatocyte, Primary culture, Hepatocyte growth factor, DNA synthesis, Fulminant hepatic
failure.
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Human hepatocyte growth factor (hHGF) in plasma from patients with fulminant hepatic failure.

Naokatu Arakaki and Shuichi Hirono.

Department of Biochemistry, Kagoshima University Dental School, 1208-1 Usuki-cho, Kagoshima 890, JAPAN.
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Fig. 1. Dose-response curve for stimulation of
DNA synthesis in cultured rat hepato-
cytes by serum from a patient with fulmi-
nant hepatic failure!'®. Adult rat hepato-
cytes were cultured in the presence of
various concentrations of human serum,
and DNA synthesis was determined. Values
are means t SD for triplicate wells. Open
.and closed symbols represent values 1
day and 2 day, respectively, after the
first addition of human serum or insulin
plus EGF.O, @ : normal human serum
(mixtures of serum from normal subjects);
A A serum from a patient with fulmi-
nant hepatic failure; bars : insulin (0.1
M) plus EGF (100ng/ml).
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8 L7 hHGF % SDS-PAGE T+ 5 &, JE&
T4 T CHFR#H79,000 L 86,000NAIEB I 2 FDik
WY FPEHH6NREH (Fig. 3), ZOHOEERIC
L0, TO2FEONRY FELFHIREMIREEE LA

Patients plasma obtained during plasma
exchange therapy

Heated at 56 °C for 15 min
.
Ammonium sulfate fractionation (1.15 ~ 2.05M)

Dialyzed against PBS (=)
L)
Affi-Gel Blue chromatography
eluted with 2M guanidine. HC) (pH 7.4)

)
Dialyzed against PBS (=)
14
Heparin—Sepharose chromatography
eluted with a linear gradient of 0.5 to .75 M
NaCl in PRS (=) 70.013% Triton X-100 (pH 7.4)
*
Hydroxylapatite chromatography
eluted with a linear gradient of 0.1 1o 0.5M
sodium phosphate buffer (pH 7.1) in 0.15M NaCl1/0.013%
Triton X=100
i
Purified hHGF

Fig. 2. Purification procedure of hHGF f{rom
plasma of patients with fulminant hepatic
failure.
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Table 1. Effects of sera or plasma from patients with fulminant hepatic failure and normal subjects on
DNA synthesis in cultured adult rat hepatocytes.

Subject Sex/Age Etiology Coma grade Outcome DNA synthesis
at sampling (dpm/h/ug protein)
Normal - - - - 8.7+1.4*
Fulminant hepatic failure
1 F /33 HB I alive 27.61+4.9
2 F /36 HB I alive 34.41+6.0
3 F /32 Halothane v dead 702.7+142.9
4 F /60 HB v dead 49.3+6.1
5 M/39 HB v dead 304.8+12.3
6 M/65 Unknown v dead 111.6+18.1
7 F/51 NANB I dead 12.54+0.3
8 F/27 HB 111 alive 84.8+5.6
9 M/31 HB v dead 117.4%+0.6
10 F/53 HB 111 dead 128.7+20.5
11 M/50 HB I dead 205.2+16.1
12 F/21 HA 111 alive 237.6£90.3
13 M/62 NANB v alive 44.9+5.4
14 F/73 Drug III dead 158.0+1.7
15 M/59 Drug II dead 161.7£40.5
16 F/36 Drug v alive 215.3+3.0
17 F/67 NANB I dead 7.7+1.1

Values are shown as means * SD for 3 assays.
*Mean % SD for 11 subjects.

Table 2. Purification of hHGF from plasma of a patient with fulminant hepatic failure.

Total Total Specific
Step protein activity * activity Purification Yield
(mg) (unitsx10~%) (units/mg) (— fold) (%)

Heated plasma 43,700 18.5 4.23 1 100
Ammonium sulfate 13,600 12.6 9.29 2,2 68.3
Affi-Gel Blue 602 11.1 185 44 60.2
Heparin-Sepharose 1.48 6.82 46,200 10,900 36.9
Hydroxylapatite 0.0426 6.15 1,450,000 342,000 33.3

A sample of 853 ml of patient’s plasma obtained during plasma exchange therapy was used.
*One unit of activity is defined as the quantity of hHGF required for 50% of the maximal response to
mEGF in the assay system.
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Fig. 3. SDS-PAGE of purified hHGF®". The puri-
fied hHGF preparations nonreduced (79 ng
of protein) and reduced (70 ng of protein)
were subjected to SDS-PAGE using 8% and
13.5% separating gels,
Molecular size standards (in kilodaltons)

respectively.

are also indicated.

Table 3. Characterization of hHGF

LTWwahIeAHLENELRD, K L7 hHGF 134
FAEAR L D multiple form ZRT I EAtbh o1,
Multiple form R4 IZOWTIRBS P TIEAR W
A, BHEN 22 G LR P ISR T B0 & 3 0 S3
BEHICL - T, MESBEZIIbDEFEZTVD,
— /i MICAMT TIE, hHGF id47-1i56,000~65,000
£31,500~34, 500D A £ 5 FIZOMET A Ehb

(Fig. 3), % F fit #7 60,000 @ heavy chain & #9
33,0000 light chain @ 2 fiffioH 7 2= 5 b6k
LEATUFAT—ThhbLFEZLNIAN, O LiX
%0 cDNA OFHTIC L Y HER S iz,

hHGF @ F ¥ % Table 3 I2%# L7, hHGF
WEAIREER Y /37 {TH Y, 80CTLOH M DL
WMPECHIGL, P T yibe AN T by S —
WMCEBBITCIZE o THENT A,

hHGF if 1ng/ml OEHEEEET T » b a{CERERMHIT
D DNA G EME L, 5~10ng/ml O Tl
RARAETH 2R (Fig. 4)o F72, Figh5 IKmRT &9
{2, hHGF & 24 CLo o IR o 1 il % fit
TAHIEDHHN TV A transforming growth factor
-a (TGF-a )% EGF & ) & —HifEWiRETHI TH -
720 5 ThHGF BT TOLE I A, i d (EilEE
THHIf OB Z LT 5 HFTdh b, &6 hHGF
DOEIFE, 4 2 A1) ¥ R EGF % TGF-a & HIFER
HHVIZHMBTH - 122, 202 &1, hHGF #F

Molecular weight (SDS-PAGE)
Molecular weight of subunits
heavy chain
light chain
N-terminal amino acid
heavy chain
light chain
Treatment
heat (80°C, 10 min)

acid (0.5N acetic acid, 4°C, 20 hr)
trypsin (0.1 ng/ml, 37°C, 30 min)
reduction (2-mercaptoethanol)

Optimal dose (in vitro)

72,000 - 96,000

56,000 - 65,000
31,500 - 34,500

ND*

valine

labile

stable

loss of activity
loss of activity
5-10 ng/ml

*Not determined.
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Dose-response curve for stimulation of
DNA synthesis in cultured rat hepato-
cytes by hHGF?Y. Various doses of the
pooled active fractions of hHGF from a
hydroxylapatite column were added to
cultured hepatocytes, and DNA synthesis
was determind (QO). DNA synthesis in
hepatocytes cultured in the basal medium
with an optimal concentration of mouse
EGF (25 ng/ml) are also shown (@ ).
Values are means for duplicate wells.

800 [/ ™ T T
600 1
aoo} 1
2oor .
of = — L L]
o' 001 01 051 5 10

Growth factor (nM)

. Dose-response curve for stimulation of

DNA synthesis in cultured rat hepato-
cytes by hHGF, human EGF and TGF. a .
Various doses of hHGF (@), human EGF
(&) and TGF- « () were added to cul-
tured hepatocytes, and DNA synthesis
was determined.

w o B L B O —

4 ¥R 2% EGF OB L3 R% % hHGF I258%
HLEEERTA L TREROMAMEREL TS LD
LBbhs,
B. hHGF ® ¢DNA 70 —=> 7®

B L7 hHGF #% lysyl endopeptidase 2 X b iH{t
L, 48 HPLC T fragment % 7B - MR L /=%,
Table 4 ISR T & 5 2 4 HEDORTF FIZOVWTED
73 BB ERELL . RIERTF FNod D Asn -
Met - Glu - Asp - Leu - His & His - lle - Phe - Trp
-Glu - Pro DEFI 2 FIC LT 2HBOFT Y TLIRX L
AFF7a—7%EKL, L MEBDNA 51475
W—%A2 )= LR, HI0HFEOIO—
vho 6 EOBEsu-UBLNRL, DD
0.9kBp ® overlapping sequence ¥ &L 2 D 7
0—> (#h#¥h 1.8kBp & 1.7kBp DA v ¥ —}+ %
Et) 1220w T, ZORAOHPIZTI—TE LTHW
72T F FNo. 4 DELF), RU Table 4 ICRL7Z2T
DRT7FFORMNEESLI L2 HRE L%, hHGF D
cDNA BEEEFZHREL, hHGF D&—RBEL R
EL7: (Fig6)o

Table 4. Amino acid sequences of hHGF-derived
peptides 2.

Peptide No. Amino acid sequence

FLPERYPDK
EFGHEFDLYENK
DYEAWLGIHDVHGRGDXK
NMEDLHRHIFWEPDASK

=W N =
*

*An amino acid not determined is denoted by X.
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GGG
CGACTGGCTCTTTTAGGCACTGACTCCGAACAGGATTCTTTCACCCAGGCATCTCCTCCAGAGGGATCCGCCAGCCCGTCCAggEag:gg

ATGTGGGTGACCAAACTCCTGCCAGCCCTGCTGCTGCAGCATGTCCTCCTGCATCTCCTCCTGCTCCCCATCGCCATCCCCTATGCAGAG
MetTrpValThriysLeuLeuProAlaLeuleulLeuGlnHisValLeuLkeuHisleuLeuleuLouProlleAlalleProTyrAlaGlu

GGACAAAGGAAAAGAAGAAATACAATTCATGAATTCAAAAAATCAGCAAAGACTACCCTAATCAAAATAGATCCAGCACTGAAGATAAAA
GlyclnArgLyeArsArgAnnThrIleuxscluPheLyabysSerAlnLyaThrThrLeulleLyslleAspProAlaLenLyulleLys

ACCAAAAAAGTGAATACTGCAGACCAATGTGCTAATAGATGTACTAGGAATAAAGGACTTCCATTCACTTGCAAGGCTTTTGTTTTTGAT
ThrbyobyaValA-nThrAlnAqulnCysAlnAnnArsCyaThrArgAanLysGlchuProPheThrCyshyaAluPheanPheAap

AAAGCAAGAAAACAATGCCTCTGGTTCCCCTTCAATAGCATGTCAAGTGGAGTGAAAAAAGAATTTGGCCATGAATTTGACCTCTATGAA
LysAlaArgLysGlnCysLeuTrpPheProPheAsnSerMetSerSerGlyVallyasLysGluPheGlyHisGluPheAapLeuTyrGlu

AACAAAGACTACATTAGAAACTGCATCATTGGTAAAGGACGCAGCTACAAGGGAACAGTATCTATCACTAAGAGTGGCATCAAATGTCAG
ASDLYSASPTYrileArgAsnCysIlelleGlyLynsGlyArgSerTyrLysGlyThrvalSer!leThrLysSerGlylleLyaCysGln

CCCTGGAGTTCCATGATACCACACGAACACAGCTTTTTGCCTTCGAGCTATCGGGGTAAAGACCTACAGGAAAACTACTGTCGAAATCCT
ProTrpSerSerMetIleProHisGluHisSerPheLeuPro3erSerTyrArgGlyLysAapLeuGlnGluAsnTyrCysArgAsnPro

CGAGGGGAAGAAGGGGGACCCTGGTGTTTCACAAGCAATCCAGAGGTACGCTACGAAGTCTGTGACATTCCTCAGTGTTCAGAAGTTGAA
ArgGlyGluGluGlyGlyProTrpCysPheThrSerAsnProGluValArgTyrGluvalCysAsplleProGlnCyaSerGluvValGlu

TGCATGACCTGCAATGGGGAGAGTTATCGAGGTCTCATGGATCATACAGAATCAGGCAAGATTTGTCAGCGCTGGGATCATCAGACACCA
CysMetThrCysAanGlyGluSerTyrArgGlyLeuMetAspHiaThrGluSerGlyLysIleCysGlnArgTrpAapHiaGlnThrPro

CACCGGCACAAATTCTTGCCTGAAAGATATCCCGACAAGGGCTTTGATGATAATTATTGCCGCAATCCCGATGGCCAGCCGAGGCCATGG
HisArgHislLysPhelouProGluArgTyrPraAspLyaGlyPheAspAspAsnTyrCysArgAsnProAspGlyGlaProArgProTrp

TGCTATACTCTTGACCCTCACACCCGCTGGGAGTACTGTGCAATTAAAACATGCGCTGACAATACTATGAATGACACTGATGTTCCTTTG
CysTyrThrLeuAspProHisThrArgTrpGluTyrCysAlalleLysThrCyasAlaAspAsnThrMetAsnAspThrAspValProLeu
&

GAAACAACTGAATGCATCCAAGGTCAAGGAGAAGGCTACAGGGGCACTGTCAATACCATTTGGAATGGAATTCCATGTCAGCGTTGGGAT
GluThrThrGluCyslleGInGlyGlnGlyGluGlyTyrArgGlyThrValAsnThrlleTrpAsnGlylleProCysGlnArgTrpAsp

TCTCAGTATCCTCACGAGCATGACATGACTCCTGAAAATTTCAAGTGCAAGGACCTACGAGAAAATTACTGCCGAAATCCAGATGGGTCT
SerGIinTyrProHiaGluHisAspMetThrProGluAsnPhelLysCysLysAspLeuArgGluAsnTyrCysArgAsnProAspGlySer

GAATCACCCTGGTGTTTTACCACTGATCCAAACATCCGAGTTGGCTACTGCTCCCAAATTCCAAACTGTGATATGTCACATGGACAAGAT
GluSerProTrpCysPheThrThrAspProAsnl leArgValGlyTyrCyaSerGlinlleProAsnCysAspMetSerHiaGlyGlnAsp

TGTTATCGTGGGAATGGCAAAAATTATATGGGCAACTTATCCCAAACAAGATCTGGACTAACATGTTCAATGTGGGACAAGAACATGGAA
CysTyrArgGlyAsnGlyLysAsnTyrMetGlyAsnLeuSerGinThrArgSerGlyLeuThrCysSerMetTrpAspLyspgpietGlu

GACTTACATCGTCATATCTTCTGGGAACCAGATGCAAGTAAGCTGAATGAGAATTACTGCCGAAATCCAGATGATGATGCTCATGGACCC
AapLeuisArgiiallcPheTrpGluProAapAlaScrlygleuAsnGluAsnTyrCysArgAsnProAspAspAspAlalisGlyPro

TGGTGCTACACGGGAAATCCACTCATTCCTTGGGATTATTGCCCTATTTCTCGTTGTGAAGGTGATACCACACCTACAATAGTCAATTTA
TrpCysTyrThrGlyAanProLeul leProTrpAspTyrCysProlleSerArgCysGluGlyAspThrThrProThrileValAsaleu

GACCATCCCGTAATATCTTGTGCCAAAACGAAACAATTGCGAGTTGTAAATGGGATTCCAACACGAACAAACATAGGATGGATGGTTAGT
AspHisProVallleSerCysAlaLysThrLysGlnLeuArgValvalAsnGlylleProThrArgThrAsnlleGlyTrpMetValSer

TTGAGATACAGAAATAAACATATCTGCGGAGGATCATTGATAAAGGAGAGTTGGGTTCTTACTGCACGACAGTGTTTCCCTTCTCGAGAC
LeuArgTyrArgAsnLysHislleCysGlyGlySerLeulleLysGluSerTrpValLeuThrAlaArgGlnCysPheProSerArgAsp

TTGAAAGATTATGAAGCTTGGCTTGGAATTCATGATGTCCACGGAAGAGGAGATGAGAAATGCAAACAGGTTCTCAATGTTTCCCAGCTG
Leubysumumgmmmw:ﬁmanMuc"unmnv.u.e.mznv.nsorcm.eu

GTATATGGCCCTGAAGGATCAGATCTGGTTTTAATGAAGCTTGCCAGGCCTGCTGTCCTGGATGATTTTGTTAGTACGATTGATTTACCT
ValTyrGlyProGluGlySerAaspLeuVallLeuMetLyslLecuAlaArgProAlaValLeuAspAspPheValSerThrileAspLeuPro

AATTATGGATGCACAATTCCTGAAAAGACCAGTTGCAGTGTTTATGGCTGGGGCTACACTGGATTGATCAACTATGATGGCCTATTACGA
AsnTyrGlyCysThrIleProGluLysThrSerCysSerValTyrGlyTrpGlyTyrThrGlyLeulleAanTyrAaspGlyLeuLeuArg

GTGGCACATCTCTATATAATGGGAAATGAGAAATGCAGCCAGCATCATCGAGGGAAGGTGACTCTGAATGAGTCTGAAATATGTGCTGGG
VolAlnHiaLeuTyrIlenetclyAenGluLynCynSerGlnHisHlsArsOlybyaValThrLequnGluSerOlulleCysAlnGly

GCTGAAAAGATTGGATCAGGACCATGTGAGGGGGATTATGGTGGCCCACTTGTTTGTGAGCAACATAAAATGAGAATGGTTCTTGGTGTC
AlaGluLysIleGlySerGlyProCysGluGlyAspTyrGlyGlyProLeuValCysGluGlnHisLyasMetArgMetValLeuGlyVal

ATTGTTCCTGGTCGTGGATGTGCCATTCCAAATCGTCCTGGTATTTTTGTCCGAGTAGCATATTATGCAAAATGGATACACAAAATTATT
Il1eValProGlyArgGlyCysAlalleProAsnArgProGlyllePhevValArgValAlaTyrTyrAlaLysTrplleHisLysllelle

TTAACATATAAGGTACCACAGTCATAGCTGAAGTAAGTGTGTCTGAAGCACCCACCAATACAACTGTCTTTTACATGAAGATTTCAGAGA
LeuThrTyrLysValProGlnSer #

L Iy R RIS et
TTGAATGGATTAAAAAAACACACAGGTATATTTGCTGGATGATAA

The cDNA sequence and the deduced amino acid sequence of hHGF‘®*?, Nucleotide residues are
numbered in the 5' to 3’ direction, beginning with the first residue of the ATG triplet
coding for the putative initiation methionine. The predicted amino acid sequence of hHGF is
shown below the nucleotide sequence. The amino acid residues are numbred from the initiation
methionine. The termination codon is indicated by an asterisk. The cleavage site between the
heavy chain and the light chain of hHGF is indicated by an arrow. Regions corresponding to
the amino acid sequences of the peptides derived from purified hHGF are underlined. Potential
N-glycosylation sites are indicated by white arrows.
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Fig. 6 D% D 6, hHGF 13 heavy chain (¥464
FR3E) & light chain (234 %) * L7287 I /B
BENOLH1EBOTORBEL LTERShEIL
HEA S HIZ% o725 Heavy chain @ NKH LI,
BDFH 5 732 B D signal peptide 55RO LBk
H7 3 BIcED, #4307 3 BREH» S % 5 signal
peptide L BbRBEFHHY, BELTOLy Y
YIDBRTCT/uF T ¥l YMARRENRL LD
LB b bH%, hHGF ® heavy chain DNERE7 3
J BENME LHLNI R o Tl nizd, YOI
THLNDENIZDOWTIARETH S, hHGF D light
chain I22W T, FONFKE7 I/ BEHIZ Val -
Val - Asn - Gly - lle - Pro T# 5 Z L DI DFKEHD

LHEBERBENRTWA, 85T, hHGF O heavy chain
& light chain 13, 494 B L495F B D Arg - Val T
Mo THEESR SN, Arg- Val 2T 57
aF7—¥iZih 7ok, P IERYT, AFOY
A2-HWEEMBLOEB b D, &6, heavy
chain & light chain 2@ FhFh 2 S FTOSMES
B84 (Asn - X - Ser/Thr sequence) #$H 5 = & H b,
WA S THHAE hHGF HER S hEHEEZ L
nb (Fig.7)o 7z, Table 4 TRLIZXTF FNo.
1, 2, 4 i heavy chain 2, No. 3 {Z light chain
KEETAZLLVEREN,

hHGF i3 F 0 P —REDER, Bl tiz7d
RAI)=Fresorur¥rtunsionohnM
PEERRUBEBRDI NI BET I/ BLAAT

Structure and Processing of hHGF
Signal (H-chain)
[V Y P — N-terminal k1 — k2 — k3 — k4
S S
C-terminal Ser 1 Val-Arg
(L-chain) 495I494
v Processing
V¥ Glycosylation
(H-chain) v
N-terminal k1— k2 T k3—k4 1—7— Arg (COOH)
CHO ys
S
(NH,) Val ] Ser (COOH)
CHO CHO
(L-chain)

Fig. 7. Structure and processing of hHGF. S-S and CHO indicate the disulfide linkage and possible
glycosylation sites, respectively. K1, K2, K3, K4, represent the kringle domain. Amino acid
numbers are given from the structure in Fig. 6. The cleavage site between the signal peptide

and the heavy chain (H-chain) is not definite.
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Table 5. Some amino acid sequence-homologous proteins to hHGF*

Proteins

Homology (%)

Plasminogen - human
Prothrombin precursor - human
” - bovine

Coagulation Factor XI precursor - human

v XII (Hageman factor)

precursor - human

Protein C precursor - human
Tissue plasminoogen activator
precursor - human

Urokinase type plasminogen activator

precursor - human

32.8 - 46.7
1 19.7 - 48.8
21.2 - 47.6
30.8

20.8 - 32.8
28.3

25.1 - 30.7
25.1 - 32.0

*Based on NBRF data base.

Secondary Structure of Human Plasminogen

Numbers are from N-terminal
of the heavy chain

= ¢ 5-§ bond
@ : glycosylated aite

557

R (COOK)
1 560

561

Proposed Structure of hHGF

N-terpinal
Val Arg
535 o 1
519
Nunbers are from methionine NH, COOH
495 T 494
= : S-S5 bond

@ : glycosylated site

Fig. 8. Secondary structure of human plasminogen and hHGF. Secondary structure of hHGF (right)
was predicted from that of human plasminogen (left). In hHGF, an interchain S-S is possibly

formed between Cys*87

BWHRAMEET A ENHAL IR 57 (Table
S5l TIRAI/)—=FLIZIE, HEFOKBELELT
Fig8 IiRT &I L SADY ) v Y VEENHFET S
ZEMMOENTWAA, BBRH A LIZ, hHGF @
heavy chain I2b 7 ) Y I Wi % L B 1D DYUEL
T3/ BEENNA rREETAIEPHEOI L

in the heavy chain and Cys

604 in the light chain.

720 5142, hHFG O light chain i3 79 X3 > DB
HEBVHRMEET A, 75230k 7o
77 —CiEEPLTH D LMD AFT & 180
LD+ 1) ~ ik, hHGF O light chain Ci¥Zh¥h s
VI vEeFud s ilBBRENTVS, o T,
hHGFIZR 79323 v &k 7Tus7—EEBidl
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WwiEbhb, BE, hHGF D2 k& ZH8N LS
IZZZTVDH, ThiddHETHLTIRI/ -7
DEENOCTFRL-bNTH Y, EHELBERTEIRX
BREFZ LI > THEIDDLLEND 5,

hHGF ¢cDNA 7 U0 —=  ZDREFI WL LENILT,
5 v blL/MEERFERIMAEEF (HGF) o cDNA
rU—z V- REENRESNLD, Thi
T hHGF &£ 5 v b® HGF 12, £WEMNEERULE
BERICBVWTHEBICUI L s B TH B I LR
BENTWAA, DNAZO—=r OfR HHE
FRBENETCIHNREOY—%EFTE (P38
LARIVTH%) ZENFAGIIR o7, TIBEH
AN yH FOiFBRFAREEEFA I2onT
b, REUBEONKET7 I /BENLIRESHRTE
VA%, hHGF # HGF ¢ BV vhkEeu s —%F+a2 L
BHEHLPIZR > TWnA,

N. FEBICH I 3MB hHGF LA & ZDOEIRR
) €3

hHGF D4&BMEREELHSMMITH/-HIZ, BERF
RBEMDB D hHGF LRIV L FOBRHERIZOV
TRE L7, 2088, mMD hHGF iFHiRED
SEME, D LWITHE L &L GABLBRIER L,

BEOREFLFHICMEL TEHT I LXHLH
2% 57 (Table 1 RU 6) ., +hbbLFEEED
BE % Trey & Davidson DFEHICFE-> THT T
hHGF it 2 H~5 &, FEEN 0 ~1EOBEMm P
TREBEHEEOHAEIL, TERFNEDEFTIE
hHGF &tk i3 #1215 R U244% & BIEE OHLT
LELICERLRERYBOON:, TLTHKEDS S
iz, EEMOBEMD hHGF Fikid, LA LR
HEDLANICETCET LTV LWV 2 ETHHD,
X5, AEFABEOMEY hHGF L NXVId@EE
HOH 3K, BYFRPHEEECIREBETHSHH¢
hHGF L3 LG L T2 451, SIERFE T,
a.7z 7054, GOT, GPT D—ANHDO LR L
17 LC, M hHGF &0 LA MR &1/ (Fig9)o
#oT, FEFEBTCRBRENET ZH NI
b, FEEMREELTWALELZLND, UL
D¥F1E, hHGF HEAB#MRIED 1> LT,
RPEOEREICIL L TSR, F#sh, L OfFHE
ICHRELBREERLL TR LA TRETALNEE
ATWwA,
INETISRNTEMPD hHGF LRV, T v
b AR K R AT 4R % Bl V> 7 bioassay IC & WHIEL 7:
BRTHA, D bioassay RIFFEHICEN/LHFET

Table 6. Relationship between coma grade of patients with fulminant hepatic
failure and stimulation of DNA synthesis in cultured rat hepatocytes

by patient’s sera or plasma®®®.

. Coma grade® No. of hHGF level®
Subject . . .
at sampling sampling (dpm/hr/ug protein)
Normal 11 8.7+0.4
Fulminant hepatic 0-II 12 34.7+12.0
failure

I 8 108.2+22.3°

v 14 206.8+48.14
Recovery stage 5 19.8%+4.1°

% Coma grade of patients was classified according to Trey and Davidson.

b Values are means % S. E. for number of patients studied.

¢ p < 0.001 and p < 0.025 vs. normal subjects and fulminant hepatic
failure with Grade 0-II coma, respectively.

¢ p < 0.005 and p < 0.001 vs. normal subjects and fulminant hepatic
failure with Grade 0-II coma, respectively.

¢ p < 0.005, p < 0.025 and p < 0.05 vs. normal subjects and fulminant
hepatic failure with Grade III coma and with Grade IV coma, respectively.
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HARE, BRMNHD T TICEHEMIEI»LIE (B4
B), #LCHPIHFEETHROFBERERT M
ERFLREDEBYRLIENTEZVEVIREN
b k2, Wik EGF # TGF- @ (35214
D DNA SR ERES AL &, /2 TGF-B %4
Y5 —u4F 1B R ELIZEGF # hHGF 12k 5T
RE SN AR 2835 2 EAAL HIZh 5
TWBH7 B bicassay RTINS DHRE BN
LCRIET S LIIATMETH S, - T, hHGF O
ARAERY ERICHITT 5720101, SEFaRy
F\v:7: bicassay R & h b S HICHET, R MEORH
WHIRR LT ALEND D,

FITHAERE, hHGF 2T AE/ 2 U—F 0
RERURY) 70—+ iR EHAVT, BHE3 R
FoTH YAy FREOBERERSDEE

(ELISA) ¥®x L7, CoKlkicsy, LEO
bioassay RDORE % H /85— L, ELIIHBET, L

Admission
Date Apr. May. Jun,
[l 1

GPT GOT 7B
-0 —@ a--e

1000 10

hHGF
AFP  activity|

100 100}

[ —

501 SO

Fig. 9. Details of clinical course and changes in
hHGF level in sera or plasma of a patient
with acute hepatitis®®. hHGF activities
are expressed as in Fig. 1. Activities of
serum alanine transaminase (GPT) and
aspartate aminotransferase (GOT) are
expressed as Karmen unit and contents of
a.fetoprotein (AFP) and total bilirubin
(TB) in plasma are as ng/ml and mg/dl,
respectively.

MO ERMICBEMLD hHGF LAV EEREBRS &
%otz ELISA 2 b BIFERF R BHE M iy D
hHGF LW Rl L -8R A Fig.10 Tdh 5,
MO hHGF L~V DF394Hi130.24+0.12 (SD)
ng/ml, BEMFOFH{HI38.06+1.06 (SD) ng/ml
Thh, BREAMFOEFNE IIBHELRENBD LN,
ZOELISARYAVT, SHEZEHOELDIFKE
BEMP hHGF LRV OLERMBETEL L H IR
nid, v B2 hHGF OBRAHERLBS Mtk -
TLBEMRFELTWV D,

100,
- .
B °
°
.
.
‘0: i 1
[ M
- s
i 3
= )
E .
gL &
« C
S C
I -
& =
1
0.1

Fig. 10. Serum hHGF levels in patients with fulmi-
nant hepatic failure determined by
ELISA®®. Closed circle, open circle and
open square indicate individual hHGF
values of patients with fulminant hepatic
failure, a mean value of hHGF for 23
patients with fulminant hepatic failure,
and that for 30 normal subjects, respec-
tively. Bar shows SE.
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4% hHGF IS L THRHE s Al 6 2 wlBA
BUTDEITH S,

DhHGF E4EBDFEE. B, hHGF cDNA %
AWT, insitu Nf 7Y T4 E-2a YOFHEICE
h hHGF mRNA DR %17 o TV 53, RIZELR
BORFEIZIZE 5> T\, F7: Northern blot i
LB L FRFICETLTWAINE - & ) LERIE
BORTWRWVWONBRIKRTH 2,

@hHGF Rz FRIAFREORE, oM@,
EERBENRE S LBROMRREATH S, FHEL
B35 hHGF O4BMEHEEMALH) A CHHAELMY
HTHs,

@hHGF B &DHE L BEEDRH, hHGF DEA
DL ERHTHARAICEDD, ZLTHERAET
Ehand, FEEICRKRSLZBETH S, TOMRHE
2BHAT 0101, SEAOHEORBEILETH
5

i, DNA #8212 & 5 hHGF ORFITLEIL,
hHGF DO AREEFEHTHEIZ S ) DDdH D, hHGF AKX
RiBons k3% se, LIEDhHGF 254D
BRIt 4 th, FE&IZE5 hHGF DRy EHL»
129 % in vivo TOERLREMICEL L EDbNI S,
T/, EBHENLTTLRL, SHNEROBI P Tk
DHE, EHICHL OEBLCIHBYURERN, b0
RS LONBERGEOHRBREL LT, BREE
ADEBOTEICL A bDEMFEEIh S,

B

FRFRIZT T, BIRBKERZNE 2 HHFHE
7NV — 7L DHEAFRTH Y, $FIC1989E 3 TH
2B HEBRTH - 5 BHEEE Ba¥EIR),
R 2 MRHMEARBLC IS K2 2 HBE, HiGH
FORBET L, BRCBBBLDITEY., I
hHGF O#SlIzABENSHAK—MBIEE FHEILX
23823) hHGF ¢DNA 7 U —= > V7 3MAEEHX
S2EEHBEHRRE L ZBLRAR SRR, hHGF O
ELISA DBV KET » b A WEFOHER S » 7
DHIZAS EIAHBRTHHI L EHEL, BB
BLETFE T,
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Abstract

The recognition and understanding of mechanical, biologic, and physical factors are
neccessary to ensure optimal complete denture treatment. These factors are the determi-
nants that promote the properties of retention, stability, and support in the finished
prosthesis through their influence on the relationship between the dentures and the eden-
tulous ridges and surrounding tissues.

Retention of complete denture is the resistance to displacement of the denture base
away from the edentulous ridge. The most commonly listed factors of retention include
adhesion, cohesion, interfacial surface tention, gravity, intimate tissue contact, peripheral

FEtRA2 10 :15~29, 1990

( border ) seal, atmospheric pressure, and neuromuscular control.

Key words

complete denture, retention, adhesion, atmospheric pressure, mechanical force
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Fig. 8. Scale deflections recorded during in vivo test procedures with application of several forces. 1:
seating force, 2: biting force(strong), 3: biting force (weak), 4: tapping, 5: opening mouth (nar-
row), 6: opening mouth (wide), 7: dislodging force. Atmospheric pressure operates as a retentive
force when dislodging force is applied to denture (see 7).
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Fig. 10. Variation of supported load with tilting.
The load ratio is the load supported by
the tilted plate divided by the load sup-
ported by parallel plates with film thick-
ness h, (From Barbenel].C.]J Prosthet
Dent, 26: 592-300, 1971.)
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Fig. 11. The image of the lines drawn on upper
cast is superimposed over the image of
the lower cast.

Fig. 12. The image of the lower artificial teeth is

superimposed over the image of the lower
cast.
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SIALOSCINTIGRAPHY with 99m-Tc PERTECHNETATE

Tsuyoshi SATO and Takenori NOIKURA
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Dental school, Kagoshima Japan.

ABSTRACT

In recent year, the technique of nuclear medicine with 99m-Tc pertechnetate is wide-
ly accepted for the evaluation of salivary gland function because of its less invasion. This
technique has two types of examinations; 1) static sialoscintigraphy and 2) sequential
sialoscintigraphy. The static sialoscintigraphy shows the morphology of the glandular
parenchym, and furthermore the sequential sialoscintigraphy, from which we obtain in-

formations as the time activity curve, provides the salivary gland informations of uptake,
accumulation and excretion of 99m-Tc pertechnetate for us. These functional informa-
tions are necessary and useful to determine exact diagnosis of salivary diseases.

INTRODUCTION

The investigation of the functional condition
of the salivary gland is of great importance to de-
termine the exact diagnosis because most of saliv-
ary gland diseases are usually associated with a
functional disturbance. Clinical evaluation of the
patients with salivary gland diseases are usually
performed by the radiographic examination with
or without the use of contrast materials and other
clinical examinatios. This radiographic examina-
tion offers some informations but is limited to the
morphological informations, for example, salivary
calculus and certain forms of inflammatory and
tumorous disease. Therefore this method does not
fill the need of the functional informations.

In 1962 Harper first reported the accumula-
tion of 99m-Tc pertechnetate in the salivary
gland.V Since then this technique of nuclear medi-

cine with 99m-Tc¢ pertechnetate is widely em-
ployed for the evaluation of salivary gland func-
tion because of its less invasion.?!® This imaging
technique with 99m-Tc pertechnetate provides a
lot of informations about uptake, accumulation and
excretion of 99m-Tc¢ pertechnetate in the salivary
gland, These informations are useful in detecting
salivary gland diseases and in determining the
appropriate therapeutic management of patients. In
this article sialoscintigraphy, especially sequential
sialoscintigraphty, with 99m-Tc¢ pertechnetate was
performed in some kinds of salivary gland dis-
eases. The author attempted to describe the normal
pattern of sialoscintigraphic findings and the char-
acteristic view of functional disturbance in com-
parison with the normal manifestation.
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1) THE PROCEDURE OF SIALOSCINTIGRA- travenously in a dose of 3.7 X 10® Bq (10 mCi)
PHY WITH 99m-Tc PERTECHNETATE The sialoscintigraphy was carried out using the
99m-Tec pertechnetate was administered in- Gamma View scintillation camera (HITACHI Co.)

Fig. 2 Sequential Sialoscintigraphy

Each frame data was obtained by consecutive twenty-second scintiscan.
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with a low-energy high-resolution parallel-hole col-
limator. Two types of sialoscintigraphies were per-
formed. One was a static sialoscintigraphy and the
other was a sequential sialoscintigraphy (dynamic
sialoscintigraphy). The -static sialoscintigraphy of
salivary glands, which showed the uniform dis-
tribution of radioactivity in nomal salivary glands,
described the decrease and the lack of radioactiv-
ity, and the mottled distribution of radioactivity
(space-occupying lesion) in diseases (figure 1), The
sequential sialoscintigraphy was performed in the

: Right Parotid Gland
. Left Parotid Gland

: Left Submandibular Gland

)
)
3): Right Submandibular Gland
)
) : Background as control

anterior view. The patient was placed on a bed in
a supine position under the scintillation camera,
with the head slightly extended. Immediately after
injection of 99m-Tc¢ pertechnetate, consecutive
twenty-second scintiscans were made up to fifty
minutes. A twenty-second scintiscan was recorded
as one frame data, and one hundred and fifty
frames were obtained (figure 2). On each frame,
four regions of interest (ROI) covered bilateral
parotid glands and submandibular glands were em-
ployed to recognize visually the patterns of the
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Fig. 4 Time Activity Curves of Sequential Sialoscintigraphy
(1),2) : Parotid Glands
(3)(4) : Submandibular Glands
(5) : Background

uptake, accumulation and excretion of 99m-Tc per-
technetate by the salivary glands. Another one
ROI in the frontal area was added as a control of
background count of radioactivity (figure 3). ROI
numbers of 1 and 2 covered the bilateral parotid
glands and numbers of 3 and 4 covered subman-
dibular glands. Number of 5 covered the area of
control. The stimulation agent (ascorbic acid) was
regularly used to accelerate the functions of secre-
tion and excretion. A stimulation provided a rapid
way of investigating the secretory function of
glandular parenchym and the patency of the major
excretory duct without forfeiting any information.
When a stimulation was used, a small amount of
solution of ascorbic acid was dropped on the sur-
face of the tongue at thirty minutes after in-
travenously injection of 99m-Tc pertechnetate.
The data of radioactive accumulation in the area of
each ROI was collected as digital data by the

image analyzer and these digital data were used to
obtain “Time Activity Curves” of sequential sialos-
cintigraphy  (dynamic
selected five interested regions over the major

sialoscintigraphy)  for

salivary glands and the area of control (figure 4).
The ordinate is the radioactive count per frame
and the abscissa is the frame number that is time.
These curves indicate the uptake, accumulation
and excretion of 99m-Tc pertechnetate by salivary
glands as a function of time elapsed.

2) ANALYSIS OF SIALOSCINTIGRAPHY OF

NORMAL PATTERN

Thirty-five patients with inflammation, ij)g-
ren's syndrome, tumor and others underwent this
sialoscintigraphic examination with 99m-Tc per-
technetate. They were referred to Kagoshima Uni-
versity Dental Hospital from 1985 to 1989. From
them salivary glands of intact were selected and
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Tab. 1 Subjects for Analysis of Sialoscintigraphy

Submandibular
Parotid Gland Gland
Right Left Right Left
Disorder 3 5 15 16

Intact

(number of glands)

Max. count
count/frame g /

Stimulation
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b A 4

e sessesecsecovssscsvrsccssecsces g
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Fig. 5 Analysis of Time Activity Curve

1.Maximum uptake time———(a’)

2.Excretion rate after stimulation
———(1-¢/b)

3.Reaction time ———(c' —b"

4.Ratio of salivary radioactive count to background radioactive count
———(a/background)
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Fig. 6 Maximum Uptake Time

Tab. 2 Maximum Uptake Time

Submandibular
Parotid Gland Gland
Right Left Right Left
25,5 25.9 22.7 20.8
Average
25.7 21.7

(minute)
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Fig. 7 Excretion Rate after Stimulation

Tab. 3 Excretion Rate after Stimulation

Submandibular
Parotid Gland Gland
Right Left Right Left
0.58 0.60 0.53 0.52
Average
0.59 0.53
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. 8 Reaction time

Tab. 4 Reaction time

Submandibular
Parotid Gland Gland
Right Left Right Left
3.53 3.54 3.70 3.64
Average
3.53 3.67

(minute)
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Fig. 9 Ratio of Salivary Radioactive Count to Background Radioactive Count

Tab. 5 Ratio of Salivary Radioactive Count to Background Radioactive Count

Submandibular
Parotid Gland Gland
Right Left Right Left
4,37 4.60 3.88 3.92
Average
4.48 3.90
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examined to obtain normal pattern of time activity
curve and normal static images (table 1). These
subjects consisted of thirty-two right, thirty left
parotid glands, and twenty right, nineteen left sub-
mandibular glands.

The analysis of time activity curves was made
by determining parameters as follows; 1) maximum
uptake time, 2) excretion rate after stimulation
with ascorbic acid, 3) reaction time to stimulation
and 4) ratio of salivary radioactive count to back-
ground radioactive count (figure 5). The normal
pattern of time activity curves of parotid glands
and submandibular glands were made by use of
the data of intact salivary glands from patients in
this investigation.

The results of investigation were as follows.
Incidence for maximum uptake time of intact paro-
tid glands and submandibular glands were shown
in figure 6. Most of parotid glands reached max-

Gland

imum count within twenty or thirty minutes. On
the other hand, the maximum uptake time of sub-
mandibular glands varied and distributed widely
from ten to thirty minutes. There was a slight dif-
ference between parotid glands and submandibular
glands. Table 2 showed the average of maximum
uptake time of parotid glands and submandibular
glands respectively. The average of maximum up-
take time was about 25.7 minutes in parotid
glands and 21.7 minutes in submandibular glands.
The submandibular glands reached the maximum
radioactive count faster than the parotid glands.
The incidence for excretion rate after stimulation,
reaction time to stimulation and ratio of salivary
radioactive count to background radioactive count
were shown in figures 7, 8 and 9 respectively.
The average of them were shown in tables 3, 4
and 5. The average of excretion rate were 0.59 in
parotid glands and 0.53 in submandibular glands,

)
Er
“ Max. count
< v
i 3 Parotid Gland Y 2 Stimulation
3 Max. ¢ i
S Q£ count i

5 o/-—!.\-\hg §

//" Submandibular .\\

o 000sccoe § o
eseccee odee
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21.7

25.7 3.63

3.87

time (minute)

11

Fig. 10 Time Activity Curve of Normal Pattern
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of reaction time were 3.53 minutes in parotid
glands and 3.67 minutes in submandibular glands,
and of the ratio of salivary radioactive count to
background radioactive count were 4.48 in parotid
glands and 3.90 in submadibular grands. Both of
parotid glands and submandibular glands showed
mostly a similar tendency, but the parotid glands
were slightly dominant concerning these para-
meters except for maximum uptake time in com-
parison with the submandibular glands. On the
basis of these results, normal pattern of time activ-
ity curves of parotid glands and submandibular
glands shown in figure 10 were obtained. The
parotid glands and submandibular glands showed
a similar pattern of time activity curve essentially.
Time activity curves showed a rapid ascent im-
mediately after intravenously injection of 99m-Tc¢
pertechnetate and subsequently showed a gentle
rising slope. This phase of rapid ascent showed
that the active uptake of 99m—Tec pertechnetate in
salivary glands was more predominant than the
excretion. The curves continuing to rise gradually

CCOUNT ~ FRAMED

3200 2

2800 T
q

2400

5] 20 48 60
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reached the maximum count within 20 or 30 mi-
nutes and subsequently described descent. When
the stimulation with ascorbic acid was done, the
curves fall down head over heels promptly and
subsequently reached near the background level
within a few minutes, and then showed reuptake.
There was no obvious difference between parotid
glands and submandibular glands except for max-
imum uptake time and ratio of salivary radioactive
count to background radioactive count. The author
determined this pattern of time activity curves
shown in figure 10 as normal.

3) CASES

Figures 11 and 12 showed a 57 year-old
male with inflammation of the right submandibular
salivary gland (case 1). This patient was referred
to our hospital with a chief complaint of swelling
and spontaneous pain in that region and diagnosed
as sialolithiasis by radiographic examination. He
had an operation for removal of calculus and did
not present any symptom after that. But three

80 100 120 148 160

(FRAME)

Fig. 11 Time Activity Curve of Submandibular Glands of Case 1.(1): Right, (2):Left
A remarkable decrease in uptake of 99m-Tc pertechnetate of right gland was shown.
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Anterior

ateral

Fig. 12 Static Images of Case 1

L. Lateral

No significant difference between right and left glands was shown.

months after operation he suffered from a recur-
rent swelling and pain in the same region. The
findings of sialography with contrast material
showed a pronounced enlargement of a main excre-
tory duct and a disappearance of peripheral ducts.
Concerning the manifestation of sialoscintigraphy,
the time activity curve in the left submandibular
gland showed normal pattern which was stated
previously. On the other hand, the pattern of right
submandibular gland showed a remarkable dec-

rease in uptake of 99m-Tc pertechnetate. But the
excretion by the stimulation with ascorbic acid in-
dicated normal pattern (figure 11). About static
images of anterior and lateral views, the accumula-
tion of 99m-Te pertechnetate of right gland was
similar to that of left and there was no significant
difference (figure 12). These sialoscintigraphic
findings indicated the slightly decreased function
of uptake and accumulation of right submandibular
salivary galnd.
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Figures 13 and 14 showed a 73 year-old
female with a chief complaint of xerostomia (case
2). This patient did not have swelling and pain.
She did not undergo sialographic examination but
she was suspected as Sjogren’s syndrome by other
clinical findings. Time activity curves showed
abnormal patterns except for that of right parotid
gland (figure 13, curve No.1). The left parotid
gland (curve No.2) demonstrated the marked de-
crease in accumulation of 99m-Te pertechnetate
which was falled down about half in count of right
normal parotid gland. Besides the function of excr-
etion was severely disturbed. Both of submandibu-
lar glands (curve No. 3 and 4) revealed a decrease
in uptake, and showed remarkable lower in func-

tion of excretion. About static images there was no
significant change (figure 14). These time activity
curves of sialoscintigraphy well explained the cli-
nical feature of xerostomia. The author determined
this case 2 as Sjégren's syndrome of stage 2 of
Alarc¢on-Segovia according to sialoscintigraphic
manifestations.

Figures 15, 16 and 17 showed a 57 year-old
male with a chief complaint of tumor formation in
the left parotid gland which was as large as hen's
egg and elastic hard (case 3). The sialograph with
contrast material showed an enlargement of main
excretory duct and a displacement of peripheral
ducts. This was a typical finding so-called as “ball
in hand” (figure 15). The static images of sialos-

Fig. 13 Time Activity Curves of Case 2
(1) : Right Parotid Gland
(2): Left Parotid Gland
(3): Right Submandibular Gland
(4): Left Submandibular Gland
(5) : Background as control

The curves showed abnormal patterns except for right parotid gland and a typical lower in func-

tion of excretion.
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Fig. 14 Static Images of Case 2
No significant change was shown.

cintigraphy showed the decrease in accumulation
(left lateral view, figure 16) and typical displace-
ment of gandular parenchym (anterior view, figure
16). On the contrary, time activity curves showed
mostly normal pattern (figure 17). In this case, the
displacement of salivary gland was the typical
manifestation, but the function of uptake, accu-
mulation and excretion of 99m-Tc pertechnetate
were not severely disturbed. The histopathological
diagnosis of this case 3 was adenoid cystic carci-
noma in pleomorphic adenoma.

Figures 18 and 19 showed a 67 year-old
female with a chief complaint of tumor formation
in the inferior part of the left parotid gland which
was elastic hard and a size of baby's fist (case 4).
Figure 18 taken immediately before and after a

Fig. 15 Sialography of Left Parotid Gland of Case 3
An enlargement of main excretory duct and a

displacement of peripheral duct were shown (so-
called as “ball in hand").
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Fig. 16 Static Images of Case 3
A decrease in accumulation and a displacement of left parotid glandular parenchym were shown.
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Fig. 17 Time Activity Curves of Case 3
(1) : Right Parotid Gland
(2): Left Parotid Gland
No significant difference between right and left parotid glands was shown.
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Fig. 18 Static Images of Case 4
(1): Right Parotid Gland
(2): Left Parotid Gland
(3) : Region of Tumor
These scintigraphs taken immediately before and after a stimulation with ascorbic acid showed a
prompt excretion from all salivary glands. On the contrary, a significant retention in the region of
tumor was shown (1)

(1): Right Parotid Gland
(2): Left Parotid Gland
(3): Region of Tumor
The curve of tumor showed no reaction to stimulation (No.3)
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stimulation with ascorbic acid revealed that there
was a remarkable increase in accumulation of
99m-Tc pertechnetate in the tumor lesion (before)
and a prompt excretion of 99m-Tc pertechnetate
from all salivary glands by stimulation (after).
However on the contrary, there was a significant
retention of 99m-Tc pertechnetate in the region of
tumor (after, figure 18). Figure 19 showed time
activity curves and the curve of tumor region
(curve No.3) revealed no reaction to stimulation.
This sialoscintigraphic manifestations suggested
the identification of warthin's tumor.

DISCUSSION

Radiological examination of salivary glands
may be desirable for two reasons; 1) to study the
morphology of the gland and any space-occupying
lesions, and 2) to evaluate the salivary function of
the glands. Sialography with contrast material is
useful primarily for the study of morphology of a
main excretory duct and peripheral ducts. While
the technique of nuclear medicine is utilized for
evaluation of the morphology of the glandular
parenchym and the salivary function of glands.
Especially concerning the salivary function, the
sialoscintigraphy of nuclear technique is more pre-
dominant than the sialography.!'''® As a agent of
nuclear scanning for the salivary glands, iodine
was used in 1950’s '® but in recent years 99m-Tc
pertechnetate has displaced iodine.?’ The distribu-
tion of iodine and 99m-Tc pertechnetate in saliv-
ary glands were qualitatively similar.® 99m-Tc
pertechnetate is well suitable for human scanning
because it has a gamma radiation (140 keV,
87.9%), short physical half-life of six hours and
lack of beta radiation.!” These excellent prop-
erties permit the introduction of large amounts of
radioactivity to improve scintigraphic reliability
while minimizing radiation exposure of the patient.
About the sialoscintigraphy, we selected four para-
meters from the time activity curve with reference
to previous report.!® The parameters of maximum
uptake time and ratio of salivary radioactive count
to background radioactive count exhibit the func-

tion of active uptake and accumulation, and excre-
tion rate and reaction time showed the function of
secretion and excretion. The initial sharp ascent of
time activity curve was the phase of active uptake
of 99m-Tc pertechnetate by glandular parenchym
and this phase mostly depend on arterial blood
supply.?) Subsequently the curve gradually raise to
the maximum count and this phase indicate that
the uptake rate was generally similar to the secre-
tion rate of saliva. The difference of curve pattern
between parotid glands and submandibular glands
resulted from the fact that the flow rate of sub-
mandibular glands is two to three times greater
than that of parotid glands,” and partly depend on
the glandular volume. The reaction time and excre-
tion rate reflect the function of glandular secretion
and ductal excretion. In our normal series, there
was an interindividual variability of time activity
curve and a broad normal extent.!® But the time
activity curves of both parotid glands and subman-
dibular glands are generally similar each other.
Besides the symmetry between right and left
glands generally observed. So it is possible to
make an interindividual comparison between right
and left glandular function in unilateral disease.”
Kessler and others concluded that serous glands
accumulate 99m-Tc pertechnetate faster than
either mixed glands or mucous glands.‘g’ However
in our normal series, the submandibular gland
reached the maximum count earlier than the paro-
tid gland. So our investigation suggests that the
time activity curve are reflected not by the histolo-
gical type of glands but by the flow rate. The sta-
tic images, which reflect the function of accumula-
tion of 99m-Tc pertechnetate in glandular paren-
chym, provided a visual information and were use-
ful for unilateral diseases (shown in case 1 and
case 3), but mostly powerless in slight and bilater-
al diseases (shown in case 2). The accumulation in
time activity curve were interpreted as a data of
proportion to background radioactive count, so
this data had an objectivity. In our clinical series,
the decrease in accumulation of 99m-Tc pertechne-
tate was shown in most of salivary diseases except
for Warthin's tumor and the decrease in excretion
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was shown in Sjogren's syndrome.?®2¥ These
manifestations were characteristic in the functional
disturbance. However it was not able to differenti-
ate accurately the diseases by sialoscintigraphy
only except for Warthin's tumor.?5-28

In conclusion, sialoscintigraphy with 99m-Tec
pertechnetate provided to us the informations of
the glandular function, the ductal function and
morphology of glandular parenchym without any
invasion.?” These informations permitted us to
dermine the salivry gland diseases under consider-
ing the functions as well as clinical features.
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