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PR BE & AW PO REHERF IC D W T

BINRFEEE 2 A BEEE (FF  EIRHER8IT)
NoOB OB OB
(FBFIS1E1LH27THZA)

AT OBIC B 2 BEERE, TR, L
B/AME, BIBZ 20 TRECWL L HlEIAT
wa Y e rBR, KTES, KB
, BBERE L S NS BESEE implant T20AT
BRESARETH 2, BEIC BT b implantation
SEBERTY b, TYVRECBWTHEASNLT WS,
BRI N, BEHRI0EL, —Ricwes
IREIEETHL Z LRI TLRYY | &
i Lillehei & ® 3 ROBRBREIC 5T, BHEEO
U EE L EENB I B0, TSNV R
E UUT7EL®T) EEBCH#RashTwE I :
HEENcRD T,

—7%, L) 75208 T 2-00RA00Sh,

19644 Hellerstrém ” i3, free-hand microdissec-

tion ICk > TTZBENMET 2 Hik%, £, 19654

Moskalewski 3 i3, s collagenase THLEL,
RS IER E WL L DD 3 B R ST 2 HE v G
LTwd, T0% Lacy 5% ey~ Hanks %
EIEEAL, S5 0EBERILs €%, collagen-
ase THLIL THIL T BIIREEMC L BN b5

BUEIOL DEESRVERRT VS, &5 Ballin

ger 502, Lacy 60H%Ic L > CHBELET v b
D7 EHEFERAET v MCBEL, BREVEESNS
T E BB FDE, SEOD in vitro &L S NIk
%o BEOBEEBRNRAON Db 2512, gy
BRI L3 7E50RBREE BEIBEDOA vy a2l
VEERE, BXUZORBEBMEI DWW THRELL,

1. ZEOREHER

1. EEAE A8

1) EBRBES L HERE

TEOERECEL, ERBEGTRTCRELLZLO
AV, BFEIREEHOBRR L b BENICTR - .
7y b DEEBOBCERLLFNARE, BLU
SYRT 7 48— (0.45¢ FLEE) BEEEE (120
T, 2053 L, ¥v+—v, ZA7ZAR3, E—h—
FER ARy ) v —, By b, 370y b,
RAY =N ERy NEDOH T ABEITEREE 160T
1RFED) Uico &6 TARENARE (10%7 £+
VoA FY A RATA, SEH) LizboRERLL,

2) EERENY

FERBTEH, 8 X UTHE 5 BB IZ, 48200 ~ 300
g® Wistar %5 w F ZHW,

3) B AEER

fEHBED M LI By 72 collagenase ( Type W,
Worthington Biochemical Corporation)id, fif FilF
1240mg% Hanks 5 mliiBERL, SURTF 74075
— THNERRERE L2,

4) BEREL L 2 BO SR

7v b ERI-TUVRARERYE, EETCBRTEEH
#HL, B, Lacy Y o Fskicz o, BESD
+ IR Om SR L, MAsYo sk o
T, WEOBKEMT L D21G~23C DR RS (28
Féwmdh S & THEMA) 23EA, glucose %60mg/ Ui
W& Hanks W20me 23 AL, 20K, Hanks
W THEAT 3 2 Lo & D ke BRI LS ¢
(Photo. 1, 2), FE#EE L vk SIcER L2, B
BADRESHHME T & 572088R L €, LU 7-REARs &
VEM St Uz, Ml L o2 E 5220 ~30me

DWEIL7: Hanks WTHEL, BFHEEROH 2EH 5
BTELRIRELE, &5, BERPREHE —

Experimental studies on organ culture of isolated rat pancreatic islets in relation to
morphological observation and maintenance of biological function. Yasuhiko Kojima,
Department of Surgery (II), (Director: Prof. 1. Miyazaki), School of Medicine, Kanazawa

University.

.
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N—%FACTHIDL TN 22020 E=ZF7 5 A 012
Aiz, #iYIE, RN T8 mg/mld collagenase
Bz, TLARCERLIEZ=AZSZRa%, 31CT
metabolic shaker 12417150 ~200[El/4%® shaking
incubation D& xiz, SR 215~205MHELEL 72,
B2 ECREEEEL, —SReBRe - BNt E
T L7, shaking incubation # &% 7-VRikiE% ML
Bz 50 A A AV Y v ¥ —ic L, 30ml @ warm
Hanks # &Mz TR0 IHIRL, 1 ~ 2 SRHEEL /-
%, EIERER25mRE | THREL 2, IR THEY warm
Hanks ¥ %Mz, 7 BHEWE VIS X 3 KR Y
ARy TR R L, 1~ 20K E LS,
FEMEEDZT O B RBIRE L, RROBREE
warm Hanks & 4 BIgEi#, cold Hanks 3§ CH
ICAEPEERT B 2 Lick D, BFT 5 collagenase 3
L VRSB E 7 B X D BRE LT, BB TE
o7z 7 B & Ukl & 80 cold Hanks iz
BL, Ih2HHLEEBEY y— L IBLT, SBL
RS 7 EETERL, HIL THEEICHL .,

5) 7 BOREE

RRWIE20% 4B RMTE % M %2 72 Dulbecco modif-
ied Eagle ##ic, ~=33 V) > G 100 #fi7/ng, R L
T hed 100 ug/mEFML T, BEHEEHE L,

BEIITEIC17mZED multi-dish tray ( Limbro,
247X, WHEE) ZHwi, multidish tray & well
WCEBEE 1 AN, B S W 7 BEEMEC 2y
FT2ETOANT, 37C, b %REY R ERIERET
FREEE L, ORI 3 H I L CEEEN T TR -
Joo ZOBERAY — LBy bR AWLTEERE BBK
EREEITEIEWED, 7BEE S BRB I ERL
B LEBREKBRT DI LB TEL, KL 25
Hiz insulin ZEE T 2720 —20CITEE L 720

6) insulin HIE

TBOBBEICHEL, Bttt s n nsulin
HIE i, B % 10f5ICFIN L 72 5 2, Phadebas insulin
test ( solid phase method ) Ik H EBHEEL 72,

7) B BOEEN, HEsnEs

187 BU S R PRI B, (I HAMEE, < v 2 & — K1y
ST BEME R AL TEES B2 SN BHEL .,
7 RIS E BB 1 5\ T, multi-dish tray
EAT-YOLoSHEML, FoAHEEKE,
A F —AMSTBEEERE I s LTI}, BE%S
BEEHECRY NTAS 1 P45 A0 RICERL,
AN—H T AT THERL 12,

B#I BOHBENBEED DI, 78%1577
AL, HEBTIH EERLT, AT rEv UL .

Tx4vy (HE) BBELETLVFERF727v > (A
F) #6 (Gomori FHROBHER) #/HL T, 6 M
MZEOME XTI >

2. EBRER

1) B BoReEk

collagenase LIz & D BBEsh, By v— 12
B oni 7 B ERE CNREAEMBETHRT 2
E, 7REHRELLULEBAREEEL, RESDZK
RONEEE L Tt (Photo. 3), 2o BBEL 75
EE2EHEY <y b THRL, EREgHToRgIy
Lz, multi-dish tray o8 L7 5 BOTEE R RERT 2
7oz, ERESEEMECEET L, DHERD
T BIHEEO—HIBEL - b DR, SUERO—E
EABELCLOBAZSNLYS, BEOEEYE, &
TETERL 7 BNEBES N (Photo. 4), 235
BEHETLE, BEBRIBUAREBELAYTRTO
FEBWHFICED, ZORIHMOBEISHEERD D
DL, EDEEERD, —REEOMEISE-
ek BEI N, SERIC-BRE*ZULIE
YEIBRERIALBTHEES L, ERABL T
To oo iiERR I, TR X D&IEEL Tva7z (Photo. 5),
INBITRETIRAFy 7EREIES TSI RS,
BERETERE SN,
EEIOHBEHBIC 2EOS BoBaT 288088
‘#1(Photo. 6), EOEBICELRZWVWIEDT Bk
ZHDLBEIN, Lo ABRERRELLERSE
BUEORBECBLTHBEWCRKRE 2ELETRT
Zlhuaholod, HELEEELID, SEOHB L
DT}, PLBEREHRLEHSOHEBRED SN D &
3 -7z (Photo. 7, 8), »» 3 REBHES L, LA
BORBEOSERZ L 2RSS EETEACSD,
HESEORLEL Y EENE- LD e E L SRz,
gl oho well iZBWT, HHICAVLTIED
e, /MBS EEBbe 2 filiEROTBRS S h,
SEETOH HEIC I DA ART L 510k -
7z (Photo. 9, 10), 2415 DELASRZ I, (IAHZEBEM
FE UL/ VA F KBS T HEMSE % BV T O
BT BOMMBES & UREREOBE T, SEE
DEDEFED LOERIRDSNE - 1, 525 435
BOMEEFMBEOBIERC B 2BE TS BOE
& D ERMEMEOEREL S SN, 75 BN
SR DITERE L, Andersson 51 DL - —34 2
R THo Ty /v LA F KA THEMEI B
T 7 Bl BAm I M2 h T EE s hy: (Photo.
11, 12, 13, 14),

RIS HEERIIH CITH 6N, ZOBEHICE
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37 B, FLEOTERRSOETREL -2
M, 7BEZOLOIRERE - AN ELET S
P65, 3HMERTOSMZRTCHEICENES L T
HdEeEZ SN,

2) &S B0 insulin B4

TEBOEHEFHICB W, insulin BEEE2HENL D
12, 3HERCRHL e e b insulin 25
BHEL:, ORI Fig. 1ERTIEL, 55
2fb7z v EEANS insulin 831097 ~1434.U/ml
DOEET, HMOKBRIIEE LB L TEE—EThH
o7 (Fig. 1), 2D Z ki3, B> EnEHM oL
thoinsulin *EELEITTED, HhOFOEET BE
BB THEERDLDELEALTH2 J & 2HRL
Twd, 2ITIDI L E2ERT B0, HEEEE
30HEEE, OAKEDEATRLDT B
BB IERET L e,

W insulin

15C0+

1000 W

50071

+ + + + + u + +
10 20 30 40 50 60 70 80
Culture days

Fig. 1. Insulin contents in culture media obtaind
every 3 days for long cultures.

©——0 at lamolation
2000 4
Awm—a after thirty-day’s culture
@—-0 after sixty-day’s culture

1500

Insulin secrated (MU/ml)

500

1 2 > L]
Culture days

Fig. 2, Comparative activity of insulin secretion

in islets of Langerhans at various culture stage.

EFNFThOTEREMEC <y F CEHERL, FoL
UWEERESEHE 1 mé% A7z multi-dish tray @& well
W2fEoo% LT, 37C, 5 BRMBAEERET, 1
B, 2 B8R, 3 8, 488, SthoRfse L ok
#L, HHRCEL SRy insulin RERELE, 2
OFER% Fig. 210RT, WIhO7BOBE b g
ABIC & H 3w, FcEH SN 2 insulin BI2IFIF
EAREICHEIN LTz, Lo L, insulin BEAER% BT 2
&, PEERZOI BTRLE L, J0HEE, 0HEE
BOSBOBETETETT2ERCH -7 (Fig. 2),
TEEEMEC Ry N THIRT B, TEBRITKE
AR B LI ERELLY, REMEEEDIE
PEHNT 258, AREE3227:0120%53 LY
RKES BB LIITERD T,

IRODRERN S, HEICL - TR s
S B, SBEEZOY OB L T insulin EA4RE
ETETT2@EAZRTH, P 0HRIDREE
BV, insulin EEREERERZELT 22 £k
EEanzEZONL,

iz, Photo. 9 & UI0TRL 72/NE S BRkoDMRE
BB DWW, insulin DEALERRET L7, EE5H
BB BOA BT C <y b TREL, Boki
fasEsi® Hanks ¥ THE- /2%, #o LW SR %
MATHEBEL, 3H o icsheTiRL, Kt
&¥h3 insulin 2HIELL, ZOER, BFO3H
ROk 115,54 U/méd insulin o3& Eh, 2 EHE
T 7.U/me, 3EETIE 4 £U/ml b 5EHaRIR T i
B4 insulin BIZEA L, F0O#IF insulin 2EHL
Ballol, 20OIEBRFEDHIEER I insu-
lin EARER & 03, BERCR/NISBEDOZ L {BE
328, insulin ELEHIRTH 26 MIEESE 2V
fAERTH I EZ T,

3) B BOEBENEE

AFPRETEET L L, MERO I BRFHREI
WYL (A FAHERD) 2873 56 Milgo—#k
AL TWE, —7, HERETHET 3 L, 158
4% T B, S#EE% (Photo. 15) X IZIFFIER
OFERL, I —BOMBENCIZ/NERERD S
BREA O T OB LM 02 R it
ot, AFPRETRESEECERELCENEAETS
B Hifa e 7 B %o 7. (Photo. 16),

AR L7, 4B BB S hic T BOHLERIC &
5N B TRERLEME, HEROEATOEET, F
DEEFEORRTH >, L L BUEIEIER L #filg
NHELBEL, AFRABIZBWT L FEROFEELEZTR
LTwiz,

S
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3./ &

Dulbecco’s modified Eagle MEM 1220% 44 1% 0u
Er SRR B - U, multidish tray % A
W7, BEES BEOSIHEORIAEERTTR >, i
BEEE T BIHERSRINICE 212 L7250, insulin B
SEENETET T 2EAEZRLY, 2EMEZECIE
1F—E D insulin FEHECHRE LTz, BREERN
IRIEECE L 7 B ERtsR A s h B ik
ZL0ELERd Lo, LrL, #E4EEE
SHULERICEEIEAHE Z DA 5 T BHiA s izd, in
sulin BAEIZBWTHE D RELEEL LI LMD,
ICRAVEEBEAEISBEORFCEL WL L E
ZotLd,

1. BEZ EONTWELE

Z E@insulin AL glucose DEBEITIKET S Z
EaEis Tw 3P 0T, sihoghcose WEFE
Z, ¥#EIBO insulin EEEEREL, B gluca
gon ( Sigma Chemical Canpany ) VRIEFOREIE
5B insulin EEEICDOWLTHREL I,

1. EEHAE

1) #EHhA® insulin HH

B—2v b & DL 8% Dulbecco Hiiis &
U* glucose % 100 mg/diZ{E T & €7z modified
Dulbecco 3tk L, Wigidd insulin &% #l
E, LTz,

2) short time incubation iz & % insulin ¥
B

S BROMERE, 1ERSERE, 2 BEREEHC
HUBRRE TR, SHMEREE, 7BHR0.2
9% bovine albumin ( Abmour Pharmaceutical Cor-
poration, Chicago, U.S.A) #¥MML 7z glucose 60
mg/d¢& %40 Hanks #2T 1 #§fS preincubation #
fTleot, 1AM, 2BMEBROS<2DIEE, WR
FRFEMSE T 12 7 BREE A O multidish tray #&E X,

FHEE Ry PT1IEIDV AW, L5 albumin B
LU glucose &H Hanks Wiz, 2K prein-
cubation #7757z, 2 T, ZHEFNENSED T B%
test medium (.5mé&H/NABRE P AL, 95% 0.,
5 %CO. ##& %, 9053MH37°C D ARBREFIZT70~80
B/ 4@ shaking incubation % 7T7c\y, Fitdrizfig
H &7 insulin &% Phadebas insulin test (solid
phase method) 2 THIE L7z,

insulin 473 FBEHE ( test medium) & L T, Eagle’s
MEM # & ¢f Krebs-Ringer bicarbonate 8 L 7=,
£ 73 Eagle's MEM {#R D15 &, 0.2% bovine albu-
min FET T, HmNT 3 glucose 100me/deEE, 300
mg/dOEE F 7213 glucégon 108/ me+glucose 100mg/de
B0 3 f8E Ftest medium ¥ LT, —4, Kr-
ebs-Ringer bicarbonate EF D& 1%, 0.29% bovine
albumin, 5mM glutamic acid, 5mM pyruvic acid,
5mM fumaric acid %ML bD% base L,
glucose JEAEE & 60mg/d0EE, 300mg/deafE 72it gluca-
gon 10.g/mb+ glucose 60mg/d¢ o) 3 FEEHIZ D
T insulin & % ML 72,

2. EEHER

1) glucose FEz & 2558 5 B insulin E4RE

3 OECHIE S h KR @ insulin #1X, gluc-
ose ISR 450mg/dUEETIE 100mg/dUEEIC EL L #1000
U/mREEWEER L, L L, 9 AEOSSRAMS,
FhEnO Rt & vz insulin BIEZFED
EERREY, prLARTHESNHEESEODglu
cose Hl#uc & 2 insulin AR, ZoOHHMPER
DEFHBED R, olc (Tablel),

2) short time incubation Iz B} 2EEZBD
glucose ¥ 7- 13 glucagon HljEEh#

glucose WD insulin FEEIZKITTHELEES
B® short time incubation THEIET % &, Eagle’s
MEM, Krebs-Ringer bicarbonate \»-J41¢) test me-

Table 1. Insulin secretion ability of islets of Langerhans stimulated by
glucose every 3days after cultures from 3 to 9 days

Insulin secretion (y U/ml /3days)
G lucose Culture days
concentration 3 6 9
100 mg / 100 ml 485 £ 122 (24) 452 = 206 (24) 456 =+ 108 (24)
450 mg /100 ml 1518 = 511 (24) 1351 375 (24) 1425 & 386 (24)

All values expressed as Mean + S.D. (N).
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dium ZHVTH, SHEROIE LD 1 ~ 2 B
EBLLbODHE, L% D insulin EEEREHRIE
&hi: (Table2, 1)2) ),

& 542 Eagle’s MEM @ glucose 100mg/de B&x
300 mg/ deFE % LLE 9 % &, B @ insulin 5413 109.6
£20.90U/mt (SFBEE), 155.6+35.2.U/mé (138
), 182.5+43.9.U/md (2 BREEE) TH20
LT, BEOZRIEERFR 211.2420.6.U/me,

Table 2,

388.8+57.3uU/me, 388.0+50.4uU/mdTHH &l
B0 glicose WBWTH2EUED insulin 4 &
D% &7z (Table2, 1)),

Krebs-Ringer bicarbonate Iz T & A#T, glu-
cose 60mg/deod insulin 43¥hld, 52.2418.2.U/ml

(DEEER), 73.8424.3,U/ml (1:58R5523%), 120.8
+21.60U/mb (2 BEEEE) THZDIIHL T, glue-
ose 300mg/dUFED Z 1 iz, ZHFN 368.5+45.4,U/

Stimulating effect of glucose or glucagon on insulin secretion

from+cultured islets of Langerhans.

1) in Eagles MEM
Exp. 1

Incubation medium

Insulin secretion (4U/ml/90 min)in Eagle's MEM

at isolation

Glucose (100mg /100ml)

Glucose(300mg /100ml)

109,6 £ 20.9 (O
(1.00)

211,2 £ 20.6 (8)
(Laa)#

1 week culture

155.6 £ 35.2 (9)
(1.00)

2 weeks culture
182.5 £ 43.9 (9)
(1.00)

388.8 £57.3 (8) 388.0 £ 50.4 (8)
(2.50) (2.13)

Exp. 2

Incubation medium

Insulin secretion (4 U/ml /90 min)in Eagles MEM

at isolation

Glucose(100mg/100mD) |

Glucose (100mg /100 ml
+Glucagon (10 4 g /b

57.5£29.3 (8
(1.00)

206.0 % 39.4 (10)
(3.58 )%

1 week culture

134.3 £ 4.8 (8)
(1.00)

2 weeks culture

160, 3 + 47.3 (8)
(1.00)

396,0 £ 53.2 (10)| 429.8 £ 56.8 (10)
(2.95) (2.68)

2) in Krebs-Ringer bicarbonate

Incubation medium

Insulin secretion (4 U/ml/90 min. ) in KRB

at isolation

Glucose (60mg/ 100 mb
Glucose(300mg / 100ml)

Glucose (60mg/100ml)
+Glucagon(10,,g/ml)

52,2+ 18.2 (10)
(1.00)
368.5 = 45.4 (10)
(7.06) *

136,2 =+ 22.8 (10)
(2.61) **

1 week culture

73.8 £24.3 (10)
(1.00)

2 weeks culture

120.8 £ 21.6 (8)
(1.00)

403.9£50.6 (10)| 535.9 £ 76.4 (8)
(5.47) (4.44)

180.8 £ 31.9 (10)| 252,5x46.5 (8)
(2.57) (2.09)

All values expressed as Mean + S.D. (N).
* ratios (glucose 100 mg/glucose 300 mg)
#% ratios (glucose 100 mg/glucose 100 mg + glucagon 10 4g)
* ratios (glucose 60 mg/glucose 300 mg)
** ratios (glucose 60 mg/glucose 60 mg -+ glucagon 10 ug)
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ml, 403.9 £50.6.U/ml, 535.9+76.4,U/mbTH D,
glucose 60mg/deFEL D b 300mg/ UBECHEDEE B
- TEDFUMEDIEME A1 (Table2, 2) ),

—7, glucagon ¥ 2 RIG% A5 &, SEEER,
1:EM B & U2 BEEED 7 &% B, Eagle’'s MEM

(glucose 100mg/de% &7) BLITO insulin £9%
P T 5 £57.5+29.3,U/mt (53BEET),134.3+44.8
«U/mb (15ERESEE), 160.3+47.3.U/md (2 BRI
#) DEERL7, LaL, glucagon 10p,g/mb# ¥R
N4 % Linsulin 43ihiE, ZhFN 206.0£39.4.U/
mé, 396.0+53.2.U/mé, 429.8+56.8.U/mbE b
glucagon FIFz & < KIGL, insulin 5403 ~ 4
fEoEmzEsH iz (Table 2, 1) ),

Krebs-Ringer bicarbonate D& b [EigET Krebs
Ringer bicarbonate (glucose 60mg/d¢&H) 1o glu-
cagon 10ug/mbEIFML2H{E&O insulin 53, %
hZ# 136.24+22.8.U/ml (SFBEER), 189.8%31.9
£U/mb (1:EEEE), 252.5+46.5.U/mt (2R
B#%) TH D, Krebs-Ringer bicarbonate BJhEED
f2fEommERL:: (Table 2, 2) ),

3./ 8

Dulbecco $5#tiddglucose ¥EE 100mg/de R T 450
mg/de & UCHRES BEEEL, insulin EAEE LK
L7z, glucose 450mg/desEifld, 100mg/deRgsiztbL,
#1000 U/mE V> insulin 3038 IN% & 77, B2 1
R, 2:8MEEIEIDE, glucose BLU
glucagon ﬁiﬂiﬁ(&:i 253 WER% short time incuba-
tion TfTkofab 25, SMEREFARCEISZRS
RISL, glicose #7:ik glucagon MEEICH & 3
23, insulin SMRBEDR 2 ~ 4 EOMMNE ATz, LTz
HoT, 1~2EREIELAHERDZBICHALY
FCRis 3 insulin SWEERRIEL TWB LB HNT,

BE 7 BOREMEER

B S B3 in vivo ICRHE L 72354 insulin 4
BEEERET 32 TrBEFEO BRI ZENTH
%, % 2T streptozotocin FEHIERZ v M & AL,
BEI BOMRNBEER21TE - 72,

1. REMHEL S e hEk

1) B35 B0

multidish tray ¢ 2EEEEL: B2 EMEL
Ry bz, REREFEMSE T ML Hanks #
EAN Yy —VANEL, BERZEE L,

2) streptozotocin BEERZ w b DIERK

HE150 ~450 g © Wistar RS » b streptozo-
tocin 65mg/kg % EEEFR L D BE LR Z v b 2B
L7z, #yE#%i3 metabolic cage XA L, [, R

SR & A B RIS D T 79

¥, RE, HEXEEL L, FR, 24EEGBER,
IREHIRE A~~~ b7 Vv FERIAR X D MK % 5,
glucose test Wako DBREHMEIC & D HIE L7z, REE
b FERRIC 24RO —ER %2 AW THIE L 72,

3) K#E 7 BOMRWREBE

vy —VRRED SN 2 BREEE T B300~ 40008
Z2TGHEENC T 1wl T 4 A REHBICRAL RN
mBANIZ % B & 9 1L Tee BAK2IGE FRICERT:
%, recipient $ER7 v b &z —F LVIRARRET 2T
FRME, FIMR%ZBEH U7, PIRAERAARTE Z B300~
4002 EBEAR, WELRF - THSHEE
M, (hIERERL %MLz, implantation #&T
1% metabolic cage TN LEBMEERTE >z, %t
B, RENFIFRBREL2»o7,

2. EBER

1) Normal Controls

TIEDQIEF 7 v b OB, RE, RERHEL L,
M#E80.0~104.1 mgdl (89.4+7.5), FRE 9.8~20.3
mé/day (14.6% 3.1) R¥E 0.3g/day UTFThoiz,

2) Diabetic Controls

30IED control BE&1ER L7z,

) ¥ : streptozotocin 53 1:EMEIMIC IO
HFET L, 1:EBOIEE 200mg/del EER L7
LORITETH Tz, SHWCTENF ¢BEETICIHTL
fes, W Iohd 400mg/dA EOEIFEETRL TWwiz,
EEERS v @ follow up TizLWIhb BiMEs
RLUEBLT B2 25 1, ’

i) FRAE - 0P 200mg/deLAEERLzZ v biCid
2.0 g /day ~ 6.5 g/day DRFERAH ST,

iii) {&& . streptozotocin &% 1 BE ¥4 HE
DWAEIZIL.75%TCHY, 4BETIEL7.6%L%LD
WREEIRED T2 EACH - T2,

3) Diabetic Recipients

diabetic recipient rat & LT, 416/
ocin #i%5 L 7z bt LI 8 PLATTETL 72, 5D 8
verh, 1RGO 300me/ LA RL O
LIETHoTze FIT, D 4RIZHEERS BOFMIK
NBEERR A 1TH 2 12,

4) Intraportal Implantation

i) recipient rat (O{RAFAIHERS

a. Nodrat | streptozotocin RS v b 1:8H
(IFE 416.2mg/de) 537 B 00HE B L2, B
Tl 138 T IEEE: 145, 2mg/de & FEHICTREL 12
P, #0%IE 110mg/WFIERT5EE TREBEL, 78

DR TERE R LTz, BHERT, [REE 9.4 8/day, IR
B 108me/day & BB % R L 7223, Btk 28E X 0

#

streptozot-
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IZIEEE & 74 > 72, RE (d streptozotocin #:7210.5
WDWAER LM, B 1 BB IE streptozotoc-
in #ERTCEIE L, MEEREmL 7. (Figs, 1) ),

b. NoGrat :streptozotocin R v b 1:8H
(MUBE 326.8mg/de) iz 558 5 B 400{E £ BAH L /2, M0
&1~ 3:H % T161.5~145.4mg/dl L +53 TFRE%
dpoteht, 5B & D IEEEERU: BB
Hi89me/day £ BETH -7 2 2 BB L D FEEERL,
FR¥EZ 3BEET0.5¢g/day CTh-h 4 BB L Y IEE
Beiote, REIXIHEE & THE VM Lz
4B & 0 BimER S A s i (Figs, 2) )

c. NolQ rat :streptozotocin RS v b 1HE
(MHE 348 me/de, PRES6me/day, FR¥E 5.8 g/day)ic
HEIB A0@E2BMEL 0, 1:EE &0k, R,
REGERMECEEL, MEofEBicsnTsElkiz
Rledpo e FEIX 1EEE TIE23.7%0HA ERL
fedd, FhLARBREML 6 E & Y streptozotocin
HERIORE L v - 72 (Fig. 3,3)), Bl 8 EH I B
UL,

d. No.7rat:streptozotocin R > v » 1:8H (Ml
¥ 320mg/de, FRE7OmL/day, FR¥E 7.2 /day)icigE
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Fig. 3,

induced diabetic rats. 1) No4rat

&

S 300fEE2BMEL 72, ML 4:8E & Tl L,
REG1EBX VIEEE@EERLL, Lel, REEI]
BHIOVBE S 2ALLODEREEL X274 BE
T1.0~1.8g /day Tho7:, 5 EBICA S LM 310
mg/dé, FRES8ml/day, FR¥E 4.8g/day L BHUBER
PR L2 D, UBoBBIrsw T S IERECEEL 2
Lo tz, RE 3 streptozotocin FEHRBEAT 2 D4
THY, BHEERE.9%DOEIELY, ZOBET
L7z (Fig3, 4) )

ii) recipient FFo)#HARSEHIFR R

recipient v b (Nol0, No.7rat ) OAFZHELL,
TR Y EER 5 wmiEO ST Ty 2 S,
HE 36, AF defh (BRHZER) i CHEEATRR 21T 12,
FEIR A B HE24RF R 0D IF C R4 5 B 13/ INEERSTRAR P
BRRICTFE L, BEEPIER RS CHIROZHE 72 130
BGE@oahr ol 12 7 BORABICIZHED )
HEMBT 50DAHTH - 7= (Photo. 17), 44 8 BHRD
HF (Nol0 rat ) TR7BIEEECEREL, HBEIIZ il
roblast, epitheloid cell 2k D E DT EN T2/,
U L, FLER OIS Tl BERL % b DiafE 2 i ERRTE L
(Photo.18) % DFERIIZA FRETHEEIREI hE
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Therapeutic effect of islets of Langerhans trnsplanted after 2 weeks culture on streptozotocin-
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3) NolOrat 4) No.7 rat
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MRDOHFEL T LI BHESBE & h BEREREY
BL7:5 v b (No7rat ) OFHE 8 BB OFEBIFRI:
NEREAR, FOEER, sinusoid 17 EEICHAEE L NRE
IR E TR E R Toodze D oML 7 dul#ififds & UV
EMBIRARIC S ROBERB LY voER, Do

RO B % %, immunological rejection »34
Tl L RS Y 35 ThH-7: (Photo. 19),

3./ &

2 BRI EED 5 B300~400f@ % 4 [LD streptozo-
tocin FEFEHEIR 7 v ~ DFIRN~FERIEL 7z, BHE
% LAE CEHCEREREREEE N, Z0553
Pz 8BEH E CIEEEERMERL, BRRFERELDOH
ErHel, BiEENZZFBO insulin LR IZHE
Frah, REMEZOBELRET S 2 LHBEL I,
Lirl, SBRABEBHECBNTS, NoTrat ikash
72 Z & <, immunological rejection 338 Z Y, BRI
BEOHD S B EIRENT,

BRsLUER

BEBREOEYS 2 LE T2 2EBEBHE L IEY
G L bRbRwEHERZO implantation @ 2 DIz K
BT sz encx 30, mEYSENE T 2 BE
BIIERAC b EEL <, BR, KEE, HISoast
FEEELPTL, —EHEL»Z0MRNBETE
Bk 3 #AH B 2P, —%, implantation 1z X
HHMRFERCHHETHY, BRSWESOBMH
2EZDBCHEERD B FEEWwZ b, IO implanta-
tion o & 2EHEEFER, BROZ v b, NARF—
BEDEH, cheek pouch , FTFAD implantation4)20)21)
brwiEFEEshT v MREBOFIRE, kA,
B~ implantation %22)23), HrREshTE
feds, +HCEOMBREREL 2T, FORRIHE
THHSMEBCH B L b T35, 2O, #
B BOAOMERTEEE R Y 058
implantation AEBEOENHFREx>TER"Y,
2T, AFREBLTTEEENCHO B LD
b, EENE BB L ERLNTIEEED BIE L IR
TE2RELBERTELES, HERELTREITDS,
B8 7 BONS BB RSN TW A2 E D,
BRI BOFRI v b OB X 7 DHREER
ARErE» 2 FET 2 L 2BAMNE LTz,

39, SEOS#IE free-hand microdissection
method ” ¥ collagenase digestion method ¥? 2
AAE 3. BTEE, BROCSBERZID HT 708
RICL 27 E50FRBESVL B EINT RS,
B BETHORKEDIELS 5 ENTET,

T 1 Ebi D 30EIERTH S LS, —H, co
llagenase ¥k, BNHCEETHY —FICT v b1
IE3 72 D 200~300{ED 7 B ES W3 FSBH B,
collagenase FEERIIE®3iTiE, F¥EEL collag
enase #{FFT 3k, collagenase DR, W{LEE
fLIRE, RS ORENMBEL S5, Lacy 571
collagenase BEE50~60mg/ 5 mé Hanks ¥ C2040R
incubation L, =A™ 3 collagenase ¥[E60mg/ 3
m¢ Hanks ¥ & L magnetic stirrer % Fv T ¥ {bRF
ME10~135 L AR s TV, 259, collagen-
ase #E40mg/ 5 mé Hanks ¥ & L T15~20430, 37
C incubator PNT150~200[E /230D 5 21T,
IEQZy &) 200BRIZDT BE/LILMBTE
72o

Rz, BABYORBSEREORL 4 3 &,1954
% Chen ™ 35 o M& BB Wik HIC10 AR L,
FEREMICBE L 2 Lt 3, 19564 Coalson
5% et insulin % bioassay iz & D EFEHL,
D% Trowell, Lazarow, Murrell 5i2k b, in
vitro KBWTH insulin DESEB L HRHDTR
bhdzenmane® ™ wmi, mke® g
REMEISHMBEREL, %, &%, ETENE
TERET L b Ethicgd s insudin #HE,
Db 6~9BMH, FES ML OBEELHREL
T3 EREL2, Zho DB, RERMTE
DBERETH 5, #0DHEO collagenase digestion
method DBIRICL D TBOADRE~LRRLEY,

—7F, BHRELV AV TORBETHIHBEEL LT
1 Hilwig 5042 5 —p, Macchi &4
WL 5 —f Lambert ), m@®, grsPp s
v N RBEORE B Y, BETI, BA'Y Lacy
SYDRMT v b TBOBERERLREL TS in-
sulin FWMDIFARICEBWIZHERL T2 20wz kI,
EEOREOBWE, TBROBEEEHLLLLDT
HY, TOHEEERICAND L BT BRBRESR
HWEEZ NIz,

SRS BRI Moskalewski ¥, gAY, i
Andersson ¥ Kostianovsky 5 X 0T bihT
V3, Moskalewski ¥ i, BSFIISEICL D LT
v MRS BORMIEBCRIICRIILTE D, 5
HIBOBEBICOWTOLREEMZ TwWa, 2k
L, BERRLIZESERRBE Ly iEY L, glucose 3
BEOBVWRIFEZOBRERIAEVELTVS, LHL,
# 111t glucose WEED BRI X b 228 TR O&E
EWELTE2 L3 enwELTEY, EFORER
VTS, FHERBE L DA FUIHES H
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BYT 2L XEpBELo R, BAS P mic-
roplate #HWTHEMOEREBECRILTHEY,
BT 1312000 ~ 190004 U/méd insulin 234329 X 41,
2 BOMf b BEEANC % OEEEL L LR Tw
Tee8EL Twa, %7:, Kostianovsky & ‘iz
Ty FOEMEZBERLTISHMSE2TRY, Mk
BB LU <, glucose FBIEHBWTYH
glucose 100mg/dek H % glucose 300mg/dDBEIz
L 0% <0 insulin 5% A% & L, Andersson 5%
Yy NMRI-mouse o) EHEES & m12HMSHE, TR
B b ISRERIC O FREER E 2l ko o EBRT W
B, By 7 BESED 7 BIoVT, gl
cose, glucagon ¥ & UHMEHE RV E VIRIMEED
insulin MWEEIC D ERETENZ, RESBLFHSE

LIZIZEBRED insulin HMREEEET A LLTWVS,

#EED multi-dish tray 2EW-EBCIBNTY,
SOE bz insulin ASEFEAR 1, HEHhZEHay %3
D& TEMGZ b ERTE L S EREO BRI h 2>
RERREEZOND, BT, {IEEBEKE, /o0
R F —ABAFTHEME L AV BEEXNER TS
BERLEFLOERRAONT, 4BEREBEOAFYL
BEBLT L BHERRET S 2 LHITE 1, BT,
DB HEEHNEEEOMERICMZ, glucose FHBE
HMEEOBFEIZB VT Y insulin FWBEOIES il
B HTHY, tEYY, Ziegler 8 oz L b
U THEEO R 2R LB, %S B2 M sho-
rt time incubationd$EE& % Kostianovsky 7,
Andersson 5Pp#Ers ah s Tk <, glucose &
W RN, ghicagon ¥RINEHIC insulin 33> Eh0%
Fdlz, TOFBR LIRS BOBRERBERL, H
OEBREOBUMEETRT IO VI XS,

S BAtin vitro 12 BV TIER I Z O P4 IEEEE
BRELTVWAZERTTIRBRRT & 2248, in vivo
BHELEED nsulin OESRSTRbhEHES
i, EEEREAOBBEICI DN AMEL L TEE
REBMETH B,

ﬁ%ﬁ&@%ﬁ?%@&ﬁwsufm,ﬁﬁghgw
T, AR, BARN, FIIRA LB RASNRTEY
Ballinger 512400 ~600HD 7 v b 5 B % NS 2
WIIHANAER, AEEEL, BEREOKE % A,
B BORKCLVBUERBRECZ>2ELT
W 255”0 A&z Reckard 53’5“, Gates, Hunt 57),
Steffes 52, Barker &334 JREAEHE %1772\, Bar-
ker Bz k12, AMIER MBEE*#RFL D 2120
120007 BBHBETH B & LT,

197345 Kemp 5°P% i1 streptozotocin $HR T v +

B

wxl, BT, BEEA, FIRA~Z BORRBEET
o TW3 S, 400~600fEDOFIIRMTSIE CREMEE, I
EE, REREELRVRELASKLEIRY, 20
BRI 2 » BRI L, BB L L CFIRNBIELS
BOMBHTH B LIE L. KRS 0 300ED 7 v

NS BEOREREC BV THRBONEE: &, Bk
® glucose tolerance test b IEE/NNF —»Th-o¥
ELTWw3,

—F, BESBOBBECET IMELRIKR S
213z Weber 1, Boyles 12, (Ligs™ o
03k 2, Weber 5 3HERS v MET BOERBE
EENI BV, FEES BB & U Petri dishes 12k D24
BB LS BOMmEIC O S EERNBEE2{TR- T
W3, BIESIOAB TR bERFEL VEEL,
6 » AMEEMELHEEL 2 RT3, %72,Boyles
5 2 BEmES B ERANREREL L 23,
12, AFEMEEEERHEHLEBL L, 255 3
~ 5 HEORET BOPIIRNEREBE I 8\, B
%1 EMCEHCERFRERSES R, 6 ~3EH
ZFOMBIEFFRE LI EHEL TV 3,

EE Y ¥/ multidish tray T 2EREELLTE
300~ 40018 % FINRA ~[RIFERSHE £ 1T % - 72. FIHRAE
HEBRLEHIE, BESECEENIZTLE
aREMRB RN, FENCLEFICEBETLRE
SRRERAL D ORESEFTE, S5 CREENK
& TRFIE, homograft & & > CTEFREF»S L
BEDBENASN S TH PN, BRI, BE
% 1EMIMMETHERKB L D O kt@sash, B
BEEFHED THol, 2O LZ, FHMORSE
ThFORSBBRESSBEERO LD LES T, in
vivo B LB, EROBMED I L <, insulin
EAREEIIHET SR, RIIMZOBEEREL> B
ERRLTWDB, 1272, BRFEOBEICLD, Z0OR
SRE E#EFCRAEO T ERRELBELOS, #EiE
2 (BRI 3 REENHRRIG DM ik &)
LR TR ENLEIRETHS I,

&, 22T, BT Borecipient 7 v NFTOR
BROZE(E SRR T 3 . Kemp &% I3PIARPIRS 240
B ORIz BV TIZEHES B3 terminal portal ven-
ule wash, 10BRICBL TR KBOBSETI
MEFEE L B> THEEL, $56KIBERIIBVT
b KBORBARBTCEE DS fiflanssni LT
w3, Griffith %4 PIRMERSMER OIFOMRES
MRRICBWTXER, BENEREMZ, BEZE
%200 4 LTOFMRBICED TS, Ldd, BiEE
2R £TOL MaIE, EEARER ERTHS, 6~14
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HE CUREEOREBCEEL, BEER ORI/
Hafk, Golgi &, KRLPENBLI TR LREL
Twa, At e b FERHEE 3 » A0 recipient Jf
DAFFBEZBOWT/RBIEBL eSS B2 ER
L, SREFNESTRICOFRIZA SRR ok Lifix
TWwa,

— T B, OB UREEMEL, fE
RESEI DI wEEZohTaR®, LnL, 5
B allograft, xenograft ORIz B> TIEE MEED
Bon 3 BB L TE» <5, L b s
HEOERICBO T ZOMHBROERESNEZLIZT
Ehmots L DHE b Pk B V) 5 g Weber
593, 5 B isograft, allograft, xenograft OMEHE
R HEELEEER I 51> C, allograft, xenograft M
EREANERL» T ORERE LSBT, £RBHE
XD LBREIC rejection BB DI B L LTWnD,
iz, ziegler 5% allograft 5 BOEENBEC B
W ESEREETIREREET 2 2 L 2Lz, N
5 31 Leonard &™) 3ppe AR BT 1 ~
3381z, Younoszai o7Vi320H% Iz rejection ¥ &
LB RMEL, SEDHOBHEICEWT & B
HEERIGHREI DB Z L ER LT,

EEOHER T BOMRAAEREC S VT L BEE
5B & D rejection ZELEABNB 1HEHT
Wb,

DLk, BEZB0BESEICLY, BPE2ONS
WREEE MR LD DIRETE B Z LB E oz,
& 5T streptozotocin BERZ v FARANEE S E
% implantation L, recipient v b fFic 5 &%
Btse, »»3BHES BB, 70ORE:RIE
LoD, v MERBORIZRLSEEEL24ERL LSS
BT EHHERENT, Lo LBEEEL 21, HicH
BE 303 rejection ThHD, FEDADBIME
KBOTHREEERS N, BEORESBOBHEE
BWTH 1, 2HBENI, 0 rejection ORFEEI
BLTE, SBCIVFIREEORILE/ELS 3 L
DRFLH Y™ s, ZOREE, ShE SRS
NLLENHA,

i B

S BEBEEBRO—BLLT, 5RBDENRERE
BERED—-TH 2, EESHERHBEEMALT,
7y VNESBOBBEREHRICOLWTRHEL, UToR
wER,

1. collagenase digestion method 12k D 5 v b
BED S B HEEL, multidish tray 1250, 37°C 5

% CO, -air THELZ, 3 HEBTEMTRETE
2lk I3, AL bS0HEDEERENTEETH
272,

2. BEIEBOELT AP O insulin B, ¥
IR EEE R L. SEER, 30F5%E, 60H
E#EOEZ B DOWT insulin RS HLE L 7223,
BH#REETIC X 5 nsulin BEEOETIHIZ LAY
BOONT, WIhOTELRBED insulin »E4E
L7z,

3. B BREBRCRET L, FTREL-RED
BE LAt BER S W, 4B Lo TS
BHOENCHEEEME I 0T, Lnl, Zhlidtic
KERBEENELEAOh R 5Tz,

4. HERBEEBAFRBICL-T, 8 4EE
D7 EOEBENBRERRZ, 8 MIEN O AEIREE
FZBOWT, SHEROLDLERDR W L 2SR
L7z,

5. BEIEO insulin EABREEETCE L
% glucose EE%E 100mg/de 55 450mg/de 1z HiF3
&, #9351 insulin SASEIIL 72, B i glucagon %
BHUCERIN T 3 &, insulin W iE—BRE s N, 2
NHEDILind, FHRIBWE, BHOBHcbiY %
OBEEI+ SRR AN TV 2 LEHRTE 3,

6. 2:EMEEDZB300~400{F% streptozotocin
RZ7 v > OFIRAANFBERELL 23, 4ED
recipient i3 1:BMBIE CREICHERFB LY EEL, 8
HE CIEREEHERFLEL, LaL, 1L THE
ERIGOEFRINED, BHES B O REYIEE K S A0
BMrLTE-7,

FHAXOEEIH I HMBEENES, BREIFBEYS
BECBWTHRELR,

Wz 5 AN, FRMEED D & L Elgk
B, SRR 4 1 ABESH LSO & B
BLET, &LFIRCEBEMES, HBELerssLrg
NEH=8h%08, HEEFEL KER-WLoBsoBs*

LET. &5 HBFAREEEn 22 % LA SRER
KEE2FEHEZRETHEA L S IR RO B L TER
OB 15§ Lk SIRERACEE 2B E A8
CEILEL BT ET,
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Surgery,

Explanation of photograph
Photo. 1. Histological examination of swall-
en pancreas after injection with Hanks sol-
ution and islet of Langerhans in center area.
(Hematoxylin eosin, Mag. : 62.5%)
Photo. 2. Histological examination of islet of
Langerhans. (Aldehyde fuchsin, Mag. : 125X%)
Photo. 3. Islets of Langerhans isolated by
collagenase digestion, magnification : X12 in
dark field.
Photo. 4. Islet of Langerhans at isolation.
(Mag. : 100x)
Photo. 5. Islet of Langerhans cultured for 10
days. (Mag. : 100x)
Photo. 6. Fused islets of Langerhans at 10
100x)
Photo. 7. Islet of Langerhans cultured for 30
days. (Mag. : 100x)
Photo. 8. Islet of Langerhans cultured for 50
days. (Mag. : 100X)
Photo. 9. Islet of Langerhans cultured for 70
days with cells masses liking a small islet.
(Mag. : 50x)
Photo. 10. Magnification of cells masses lik-
ing a islet of Langerhans. (Mag. : 100X)
Photo. 11. Islet of Langerhans at isolation
by phase contrast microscope. (Mag. : 31.25X%)
Photo. 12. Islet of Langerhans at isolation by
differential interference microscope. (Mag. :
31.25%)

days culture. Mag. :
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Photo. 13. Islet of Langerhans cultured for
4 weeks. (Phase contrast microscope, Mag. :
125x%)

Photo. 14. Islet of Langerhans cultured for
4 weeks. (Differential interference microscope,
Mag, : 125x)

Photo. 15. Hematoxylin eosin stain of islet

of Langerhans at isolation. (Mag. : 31.25x)
Photo. 16. Aldehyde fuchsin stain of islet of
Langerhans after 4 weeks culture. (Mag. :

125x)

Photo. 17. Histology of islet of Langerhans
24 hours after transplantation into the rat
liver. (Hematoxylin eosin, Mag. 125x)
Photo. 18. Histology of recipient rat liver 8
weeks after injection of islets into the portal
vein. (Hematoxylin eosin, Mag. : 125x)
Photo. 19. Histology of the liver, No 7, in
the case of recurrent diabetes. (Hematoxylin

eosin, Mag. : 125x)

Abstract

Islets of Langerhans from an adult Wister rat were isolated by collagenase
technique and cultured in an air-CO, (95-5%) incubator at 37°C. Two islets in every
well of multi-dish trays were cultured with 1 m! of Dulbecco modified Eagle’s
medium, supplemented with 20% bovine fetal serum, streptomycin (100 1 g/ml) and
penicillin G (100U/ml). The culture medium was exchanged every 3 days and the

amount of insulin released into the medium was measured by Phadebas insulin test.

The cultured islets were examined for histology and morphology, as well as

their insulin secretion-stimulating substance, glucose and glucagon. Furthermore,
the possibility that these islets might maintain their therapeutic abilities in
streptozotocin-induced diabetic rats was investigated.

The results were as follows;

1) Insulin contents of culture medium exchanged every 3 days ranged from
1097 to 1434 microunit/ml/two islets during 80 days’ culture period.

2) Cultured islets showed demonstrable responses of insulin secretion by

glucose and glucagon stimulation.

3) No distinct difference could be detected in the morphology during cultured
period, and B-granules were found to be intact histologically as long as 4 weeks

culture.

4) Diabetic rats receiving about 300 to 400 cultured islets recovered from
diabetic state within a week after transplant and maintained normal healthy level

for 8 weeks.

These results indicated that islets retained their activity of insulin secretion

during prolonged culture in vitro by our techniques for organ culture and were
also capable of functioning when transplanted into homologus recipient rats with

diabetes.
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Photo. 3. Photo. 4,

Photo. 5, Photo. 6,
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Photo. 11.

Photo. 12.
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Photo. 13.

Photo. 14,

Photo. 17,
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Photo. 19,



