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Experimental Preservation of Langerhans’ islets of Perfused Cadaver Rat Pancreas
by Organ Culture. Shigeru Takeyama, Department of Surgery (11), (Director: Prof. I
Miyazaki), School of Medicine, Kanazawa University and Department of Surgery (1),
(Director: Prof. G. Nakagawara), Fukui Medical School.
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BEVSMIER (4°C), BIE (4REL) oo e
I —F VBRI X BMFERTE L HIE L 7. # FEFO 3EEOBFTOMEAELE TITo /. KRS
Fi%S2 1k Grodsky ® D77 ¥ CHRIRE -+ 8k
B 2R R, BIEEN~/ 7 A (Hanks) &%

LA E RO THERIRE4SCE L, BB
#ml AL, b2 E, + 105, BEE: &

7 AWOFITEE LAk THREIL 2, BEATIZER
EJR (RESHFETERR) 2BuT4REE LMK

b UERESE L (B1). i

3. MR

19684E Curry SOMERL L DOIELT T 4 4V —

AME (2 R Y +FHBD i/ va—2R (glucose) &

Z72bOEEW. AR Na* © 131lmEq/l, K+ 14

mEq/l, Ca* :3mEq/l, ClI- : 110mEq/l, 7 77—}

Eme Uik, BEENAHIEBRERAATLR (BT
(lactate) : 28mEq/l, ¥* A + 7> (dextran) 40 :

BRI LELE) 2RV CBFBRRBE 2 ffKEL L,
BRI T T 6RIE Le (92).
KB SEEOAFOMABLE L DBTO 8
BEfER LU, Tabb 1B BiR- KT g,
2B RIRATT, 3B BEARN, 48 BE-8E
A, bR MEAIET, 68 (KB - BRsSHuRIf,
30gr/l, Z/na—A lgr/l, pH: 8 TH 5. TH . BIE - BMEANAN, 8¥FIER- §F - B%
4. PG AR CTH S,
HEO—BEOPEC & Y EFREE EEERE L, L2 A THEAMEETIIAKBEOBGE0S> L
infusion pump (RTERTEHAR) %A T 1 26K ORI & 7 2 T2 O MR L 2R~ DEHE %
10m] DEE THEH L 72,

ZeNb, FITRIZI0AHE I L 0 6 W R E i E
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Fig.1 Schema of perfused organs.
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portal vein

Hanks sol.

ro(4%C)

Fig. 2 Diagram of pancreas perfusion system (Fig.
shows the perfusion under the condition of
hypothermia and oxygenation.)% The perfusion
under the condition of hyperbaria was performed
within the hyperbaric chamber.

B8 17\ B 0 1 R R AT IR & PEIBRET L 7z,

EEREET 1B BRCRRE, 28 RIRAR, 37
B BRERAVIAM, 48R -BRRMERD 48
Thd.

1. EREOBERFHHER

ERBEOMBFIREIE~T XYy e 2 F Y
> (hematoxylin-eosin, B\ T H-E & B§) #68i%,
Gomori' D7 NF s 4 K7 27 v~ (aldehyde-fuchsin,
BUF A-F L B8) Qe@EREESLY, BOLHAR 2% 5 U
WEERPURED 2 H VT,

BRI B ARPUA AT OFLILE 2 Ay A > A
) TR OE 1 Atk % €€ v b (guinea pig),
BoMAE Y XL OMFERLIbDE, £l vhar
WAIEERRE L ke 3, B2Hdsr¥dD
ER L6 0%, X508 2 fikoERIC3EEER
TNFVAEA Y« 4V FF 4 B (fluorescein
isothiocyanate) Z{H L 7z, RetaikidBi 87 7 4 >4l
Rz 1 Pk 2 Nz 37°CRRIRas N c MRS S ¥,
ZOBYIE 2% v BBEEENREAK (phosphate
buffered salin solution, LA PBS &B&) T5 M7

- 3E¥EEL 72, KT 2 ik R AR 3TCR
OB TO0RIG & ¢ 72D b PBS THREEREZE ¢
J) ey THEA, HEEMETICHRELL.

EERPAIBIEEERED LEThH 2V E F V5 —¥
T rFRNA v S~ EHEY (peroxidase anti
-peroxidase complex, BAT PAP L B§) &RV 7278k
TiFotz, 4 >R VERTUAE, ST BRI
FERE B LR ELE Y P TERL, B2
RELTRYFCER LY S FGEEAv, $
OB T 7 4 YIRS LR 2 INZ RIRTE02
REST IS & & 72 D 5 PBS T L 7o, R THRITEE
2 itk L TR TIHMRIE & ¢ PBS THREL, Bk
W2 PAP L ER TNAMKIG S @ PBS THEH &
0.005% @M AN, 3-YT7/RVFFERE
Bt & e, BARIGHHMHIED 17K 5 Tl PBS
TREEEEILE €, BEKTHRREBAT 1 2@ L
HAL.

M. FENRE O R EEIRR

1. 7BOSHE

FNENOFRGT O 6 BEEREE L D Lacy-Kostia-
novsky OHBENC & 2T B2 ML 7o, BRI &
DHEH L BERIRRUE 7 — S—THIYT L 2 A3 550ml &
ZHT7IAIRRANT DL, 354+ —+E (collage-
nase) 40mg (CLSIV, Worthington #t#{) /> 2
A¥E 5 ~8ml & AN, STCOKBETRIANKRE 2B ET
12~154MER & 5 (150~200[/4») L1z, &ohnizike
R H50m] BOMHEFL AR v F—ZBL, BN
7 AT 4 B, WS TEHN Y 2 AR TLEHE LR %
WBOEL, BET S35 F— RN SRR R R
FL7. BRO%HER HBEYEY r—VEBLIE
Dy 7 AW ERMURFEMET CHRL 2858
g~y FTIBEERL.

2. 7 BONTUBERE

B S A8 B0 .2%4-ME7 V7 2 > (bovin
serum albumin, Abmour pharmaceutical Corpora-
tion, Chicago, U.S. A)) ®¥iIL 7z 7 v 3 — A60mg/
100ml EED N> 7 AT IRHEO 7 v 4 v F ax—
v a > (preincubation) %2{7-7: D%, Ih THE
T4F - T & 7 short time incubation' 2 ff U Btz
W shA YR Y EBEAE L. ThbbERT
NZROD S E S 84 D% R0 .5ml 26/ RRE
M AT, 95%0,°5%CO, % BAEIOFRITCOKRE
TT0~80E/ DR & 5 21T o f2, i s h
fo4 >R Y 83 EME (phadebas insulin test, &
FELE) W THEL .

HEEME L TZ V7 A Y v —BERBIBER

(Krebs-Ringer bicarbonate) Z5mM 7'V % & >
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(glutamic acid), 5mM 7 = —\{# (fumaric acid),
5mM E L E > B (pyruvic acid), 0.2%4FME7 V7
IVERMLESOERYL, 1R VaWRIEH «
LT 7 N a— A50mg/100ml, 300mg/100ml % FAv>7z.

V. RS & 0ER

1. HWg

6 IS ERR & D BRRER, BEYNCRLRE
RENBIFLEW SN EETORIVBEOINLTE
2atHE L, kR BERMEHRHEL ) BN E TR
TARTEEOEE L, EREESOHABEIHED
INETOHEDE LTI, FTASR, I VET
7 4 g — (0451 FLIB) B EEE (120°C, 2043/),
Ho ABESIEGHEE (160°C, 1K), &o6icd
AREAABE W% 7eFrodxyA TR, 5
BRI LizboeERLL.

2. HEE

SRR 1T 13 20 % A RR RN 2 I 2 72 57 v Ry AR
4 — 2 )V (Dulbecco modified Eagle’s MEM)
iwre=3 ) v G (penicillin G) 1008#{i/ml, A V7

o .
Fig.3 A normal islet of a non-perfused pancreas.
Aldehyde-fuchsin stainig, X66.

Fig. 4 A degenerative islet of pancreas perfused
for 6 hours under the condition of hypothermia
and oxygenation. It was characterized by
degranulation, vacuolation and destruction of
capsule. Aldehyde-fuchsin staining, X66.

b <4 ¥ (streptomycin) 100ug/ml Z&AML 7z & @
% B\ o7z, B2 1317mm % O multi-dish  tray

(Limbro, 24well) 2V, &7z (well) 5%
Welml L EES B% 2 BT DANITCe 5 RIREES Ak
BRIEEBECHESE L, B 3 H I L O
ZEATE UZeds, SSAHESHIROBMESE L WS
RPRODEMEC Ry b EHWTITIBEEE TS L
DREVEIICEBLTRIIL, HEBI ML,
LT EENE A v R ) v REIE D T2 o0 — 20°C THEE
REFELT.

3. FoREERIEE

K25 B O REF B 23 B B R B £ v
T multi-dish tray # A7 —Y 0 Lo THET S &
Ly, BEHECRY FTATARNA T ADLICEFR
LAN—HF R e CHERL .

4. P UBRERER

SAZELRis g ERCTI B 2@HID
BRI e A v R Y EEAEL 2.

e BEEY, 3 BN, 1EMSE, 2HEME
#IBERPAV2EBMO VA Y Fa—yva B
short time incubation & %17\>, HEEONFMBEEC
52 gLk,

V. EREEETBOMIRARIERE

1. BREZ v b OFERL

BAEEBRO I OOHERK T v b OFERILB#R» S
A ML 7R Y b ¥ (streptozotocin, BUF STZ &)
65mg/kg 2% 5T 2 LIz X DiTo7. 1AM&RIZ24
BT A - UREIR X DRI, SV —RATF A NV O—
(glucose test Wako) DBREM M & b MmbE% HlE
L, IMFE#300mg/100ml LA ED L D% STZ $ERIF 7 v
b ELUTPIIRAIBAESRER I Lo, BRYE & 24B5RE RO
—ER % AV CRBRO FETHEL 72,

2 . PIBRAERERE

6 BERIER O OB 1AM L 72 7 B300~400
EREHHE S~y b2 IERERBEMSE T TR,
3°CH Yy 7 AWFITFEE S 0B, Iml BT 1 ARE
STSEPMICIRAI L TN Im] £ k3L, BEHERE
FE 22T — VDO ER T L, R T STZ HERIE
Sy b T —FURRE TR L PIRAE R B, 1
S ERIAL TR <Y LR EE I BEREALR
AR AR 2 I TEE L EM 2R L0
2 BRATHEL . BERTE®S y bERB -
CURES L IYE, REE, REREEL .
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RS BOEHOEEQCHEIX H-ERELD bF
WA EENTHETH - 2 A-F REEATIT - /o EH
O S BRBEEBOEES Y > RO ER- L LTE
T3 (F3) », SEBRECBTHREORS, %=
MR S I RSO R P 8 F & £ R
BEOEEIBOHEE2A(H4), TRBOBRERELE
MOMERBEL D ST OOEARERL 2T BT
HEMS BOLREEE T BHEF L L.

B ERBOESE I BIEREIRLI-1)DT,
STHY, 6HEDOIKE - BEMRINARHI0% LHEHIE
iz, SELOEEAMMNSEFLBEELRLE, K
EABNCEE T 2 &, RRAR, BREMNAHICs
WA (H) B () BCIEL TOTh VRN B
HEFIIEEERL oML, SEARTRHEICA
W) HEEERLL,

r I A THEEAREE T HRREERIC 4 5 7 o MKE
WOBEA~DEE RS L7,

#1-2) FRHBEREOEL S BOHBRETH S,
R R R OO R & HEBRET 3 B L R
HTREEREORCAFROLO LD LT LE
Mo BHERIIEEER L. LALEREROFEC
S E AT R 02 KRR D £ L b T B L B
s EHBERIEBETH 12,

2. BLPUAE, BERTUAERIC & B IEMEIEER

HNHAE, BEAGEEAVLERIBOBRET
X, 4> A CEEEEE S BRIBERTEERE
BUCTFEIEL Tz (5, 6) 7 nh o kil
137 BREIMOACTEEL T (87, 8). &R
i AR G 6 BRI O BOEPURE T, A VA
) Y BEREOEASEFTETL (M) Svs Ty
BRI ORI 0L L RO 2R i (10). E
B KKIE 6 HEREORRNMETE, 1AY
B 7 BORESIRCBFEEL TR 00
A YEAREIERFL ZEDIZIFSRC—RICED
S (E1). 7 B 7 BRUENIC R
W B HBER LT OENEHE - Tl (K12),

I, FEMCRE S B o0 Sy i HEEE DAREY

6 MmO EM 7 BHRARMEEER LI 4D
DBFTHMBEL.ZORREIR2ERT IS THS.
ABUTOERICBOTIINMEL L THEEDMES &%
Fwie,

SEEZ Bo L g — ZAEHRM (0mg/100ml) B & O
50mg/100ml, 300mg/100ml KIBCRARI B 1) 3 S HHE
PHHRRMTHRET AL, SV —AERINTIZ 68
NI LU M E T ko2 o e Mo 38T
BT L EBICHREDET %2472 (P<0.05). 50
mg/100ml EH T 8 O ANBILLETERL,

Table 1. Degeneration of islets in various conditions of perfusion*

1) Continuous perfusion

G Condition of perfusion No, of degenative islets
STOUp . Y
Temperature Atm. Oxygenation No. of normal islets (%)
1‘** 15°C 1 — 80
2 4°C 1 — 40
3 15°C 4 - 92
4 4°C 4 - 60
5 15°C 1 + 45
6 - 4°C 1 + 30
7 15°C 4 —+ 90
8 4°C 4 + 50
2) Intermittent perfusion
Group Condition of perfusion No. of degenative islets
Temperature Atm. Oxygenation No. of normal islets (%)
1 15°C 1 - 85
2 4°C 1 - 52
3 15°C 1 + 60
4 4°C 1 + 42

* Perfusion was performed for 6 hours.
** Control
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Fig.5 Fluorescent photomicrograph of normal Fig.8 Normal islets of a non-perfused pancreas

islet stained by fluorescent antibody against stained by peroxidase-antiperoxidase for detec-
insulin. The fluorescencepositive cells are found tion of glucagon.The glucagon-positive cells are
uniformly except at the periphery of islet, X100. found at the periphery of the islets, X66.

e ALY - & 2
Fig.6 Normal islet of a non-perfused pancreas Fig. 9 and 10. Fluorescent photomicrograph of the
stained by peroxidase-antiperoxidase method for islet of pancreas perfused for 6-hours under the
detection of insulin. The insulin-positive cells are condition of hypothermia and oxygenation.
found uniformly except at the periphery of Number of A- and B- cells are found sufficiently,
islet, X 66. although it was slightly reduced compared with

those of non-perfused pancreas, X100.

Fig.7 Fluorescent photomicrograph of normal
islet stained by fluorescent antibody against
glucagon. Highly fluorescent cells are shown at
the periphery of the islet, X100.
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300mg/100ml & TIROFROFT S [FERIET 2R
Uiz, LosLass 6 B 300mg/100ml B TR
D86.5%DTWHE R RAR L LTRFFL T,

Kz EFNFROBETO 7L 3 — AATIIN T 5 2
g x MRETT B &, 8 BEO50mg/100ml B LAt TS
BOTH N —ANERECL 2 EERCA >
20 OB A ST (p<0.01).

. EHEEDHT B NHEEEER

1. H2% 5 B OB ERIREY

Multi-dish tray o 7 B & B B REMET T
BELy 2 ¢ HHEES S BB LEABZE
THLODURITRETH o, IhRERICIBTL
BEAETARTDT BIZHEE2~3H THBEEE R
D21 HE & T OREEERL. LU ZOM
HE b S —TRO T B PO ENIC B A O R
Wb L LD LEEINS, F T BERMP L HM
DHLTASA FAIALTHN=FI R EDTTH

R . " ;

Fig.11 and 12. The islet of pancreas perfused for
6-hours at 15°C (room temperature) was stained
by peroxidase antiperoxidase method. Both A-
and B- cells are extremely reduced in number
and found somewhat atypical in arrangement, X
66.

BT 2 E LD EMeBEsHEEE B o, ZOHER
L5 EHEEERS BETE—EHUA L Lar o BRY
RS BTRENCENsTEE LY, IOZER
WIEOBE C BRI 2 I LD DEED
hi: (K13, 14).

9. D BEOBEEF R

1) sErhAn 4 R Y

3 E21HICh T AEEIMIcE VT I B2l
poEhic R EnizA YA Y VBERHAIELZLO
Tha., MELrLEVOIHMIEECHERLTLE
LD (p<0.01) ZDRIETBEEOEB 2RO a o7z,
F-TEOMCREHME2EC CEREERAD ol
hoie,

2) Short time incubation iZ& %A ¥ AV 53

£

PN —ABEICLBA VA YRWEBRERIOTD

L THB. REHORESBOS VI —RA AT ICH

Table 2. Insulin secretion of islets isolated from the pancreas after 6-hours’ perfusion

Condition of perfusion

{ Insulin secretion (xU/5 islets/90 min.) of islets isolated from pan-

for pancreas creas in Krebs-Ringer bicarbonate
Glucose concentration (mg/100ml)
Group
0 50 300

Control 69.7£1.07* 75.0x7.4 161.8£20.0
@ #C 57.7+9.5 81.0£10.4 128.3+14.3
(5) Oxygenation 60.5£9.5 78.8%9.8 131.8+13.4
(6) 4°C+Oxygenation 61.7%t13.4 86.31+12.9 139.9£22.4
(8) 4°C-4Atm. .Oxygenation 54.1%10.6 60.8+12.7 110.8+16.7

* Islets isolated from non-perfused pancreas

*Values are expessed as Mean®S.D. N=10
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+BEIGE &5 &, 7L a—A50mg/100ml ERFCILHE
W SBEE®RE L 3 HEEICO A L T — AT
LHBLTEECAWEROBELZR D (p<0.05).,
23— 2300mg/100m] & Tid 7 Va2 —A50mg/100
mIBLEBELTIRTOBEREL2T O (p<
0.0D). RizZzhThD 7L —RAEHIZ & 2 &FEDA
VAY VAMEESRITHR T L, 41 Y RY VR

Fig.13 The isolated islet just after 6-hours’
perfusion under the condition of hypothermia and
oxygenation showed oval shape with somewhat
irregular outer layer, X100.

1

FRINTIE IR EL L THEE « STREE AL IE L T
bEREIE@EERL (p<0.05), 73 —2A50mg/100
mlFIITIEER - SHMERHTERECHEMBE L (p<
0.05), #EH -+ 3 EHEEMTIHEMEERLL (p<
0.01), 2"V 2 —A300mg/100ml TIEAHEIZ L T
T AMERHEOAFRICEEERLIzDIZEEL (p<
0.05), MR- | ESERIRLBEVIMEEZEL LT

Fig. 14 The islet cultured for 3 weeks after isola-
tion from pancreas perfused for 6-hours under
the condition of hypothermia and oxygenation
became round with regular outer layer, % 100.

Table 3. Insulin secretion of islets isolated from the pancreas after 6-hours’ perfusion

Insulin contents (xU/ml/3 days) secreted from islets isolated from pancreas
Treatment ] R
Incubation period (days)
of pancreas 3 6 9 12 15 18 21
—)** | 1300%200* 918£155 896137 952£196 920140 905+ 142 8781147
Perfusion**

(+) 1134157 889152 939174 880+184 872+138 851181 856 +217

* Values are expressed as Mean=®S.D. N=10

* Pancreas were perfused for 6 hours under the condition of 4°C and oxygenation.
** Fresh-isolated islets

Table 4. Effect of glucose on insulin secretion of cultured islets from perfused pancreas

Insulin secretion (xU/5 islets/90 min.) of islets in Krebs-

Incubation period of islets
isolated from 6-hr. perfused
pancreas

Ringer bicarbonate

Glucose concentration (mg/100 ml)

0 50 300
Control ** 69.7£10.7" 75.0%£7.4 161.8+£20.0
0 61.7£13.4 86.3+12.9 139.9%22.4
3 days 48.0£9.5 57.5%5.2 161.0£17.3
1 week 52.0%17.1 64.6+19.0 195.21+24.1
2 weeks 55.1%x15.1 64.4%+18.2 173.0%£23.5

* Values are expressed as Mean+S.D.

** Fresh-isolated islets

N=10
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JLOBEE D LTSI @SS LT (p<0.05).

IV, EREEES BOPMRARERE

STZ BERE S v I 4 VI 1T - 1o, AR08
PLEAAE L F2 D1 3 VST Z LS b i b BERAIRIE
DR R Bz, D 1 PLIEMEN I TRAEE BT
L.

5 B0 BRI O RS L LA T O &
L{THb,

1. Case 1 v b (I415-1)) : STZHERB 7 » b
LEE (085380mg/100ml, BRYES.5g/H) (C 5

# 5 BA00ME & BAE L 7o, BiEs 1 @M Mm% 100mg/
100m] & B IC TR L A 4 8E 0105mg/100ml BASt
L F LG 100mg/100ml BUF T - f2. B ESAEL 1
TR T0.6g/ B & L B 0 ~0.2g/ HOEBEN TE
B 7. hE I STZ ik b ¥ @l 2R L oS
B BB STZ $Eal % LE D DAsiivsgmL 7.

9. Case 29w b (15-2)) : STZHERKEZ v b
1EE (MmB5320mg/100ml, FR¥E6.8g/8) W R -5
5 B300ME £ AT LT, MBI B 1 B T120mg/
100ml & %0 458E & T105~120mg/100ml DT

1) Case 1
10| soo| 500 Az
— 9|~
b ‘r_a )4
3 8] koo C 00
I IR
) [} o
§ 6 § 300 %o 300
g sla |2
1o L | % 2005 200
[} 3 %
g 3138 ‘
& A
= 2| ™ 100 100
1
10 500 500
T 3, |-
) 8| ~ L0o0| & 400
- prS
2 @ o)
2 6 g 300 - 300
E] 5 2 =
W) ¥ 00| 200
[0} o Q
5 31 8 M
= ~
=) 21 m 100 100
1
10 500 500 A B 3) case 3
% 93 |-
% 8 Eﬂhoo 5 Loo
v Tls 5
[ w0 Eh
8 6| g 300|g 300
iosld |2
o 4| 4 200 200
5 o] m
T3S
jom} m
2 100 100
1
.

-

1012 3 &

8 12 16 20

Time after transplantation (weeks)

Fig. 15 Effect of the transplantation of islets* on streptozotocin-induced
diabetic rats. A : intravenous infusion of streptozotocin (65mg/kg. of body

" weight). B : implantation of preserved pancreatic islets. ® : body weight.
B : blood glucose. A : urine glucose. * Islets cultured for 3 to 7 days after
isolation from perfused pancreas were transplanted..
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Key words: cadaver pancreas, islet of Langerhans, perfusion, culture, transplantation.
Abstract

The present study was undertaken to examine the perfused cadaver rat pancreas extirpated
from decapitated rats for the viability and biological activities. Perfusion was made just after
decapitation through the celiac axis under following conditions: hypothermia (4°C), hyperbaria
(4 absolute atmospheres) and oxygenation. After six hours of perfusion, the islets isolated from
the pancreas were submitted to organ culture and examined for the preservability. The condition
of perfusion affected the ratio of degenerative islets/normal islets, showing the lowest one under
the condition of hypothermia with oxygenation; insulin-secreting abilities of the islets, under this
condition, were maintained at a level of 86.5% or more of that of freshly isolated islets. When
these pancreatic islets were further cultured in vitro, slightly modified cell shapes that occured
at perfusion were restored to normal state within the first three to four days of culture, The
insulin contents of the culture, when the medium was exchanged every three days, ranged in
851-1134 uU/ml/two islets during twenty-one days’ culture period. Insulin secretion responsible
for glucose addition was approximately the same between cultured and freshly isolated islets.
Transplantation of theseislets into the portal vein of streptozotocin-induced diabetic rats resulted
in a good recovery from the diabetic state. These data seem to indicate that in vitro culture of
islets isolated from perfused pancreas can well preserve their original biological activities. Also,
they suggest that the cultured pancreatic islets obtained from perfusion may be useful for clinical

transplantation into diabetic cases.



