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Se Ll MERIREIRECYMBRES I, KeLi
BEFHRTERT 100 ml T graft B2 EH L 72, ERE,
BEW15mah o OERFETIC TITo/k, EHE
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Graft @ # ¥ & 7 & 2 iF Collins’M # (Na*,
10mEq/1; K+, 116mEq/l; Mg**, 6mEq/l; Cl-,
15mEq/1; HCOs", 10mEq/l; PO,~~~, 10lmEq/1;
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Fig.1. Schematic drawing of the operative
procedure of segmental pancreatic
autotransplantation. (A) Graft preparation. @, site
of pancreatic section; ¢, sites of the
splenic arterial and venous sections. (B)
Transplantation completed with anastomosis
of the splenic vessels to the iliac vessels.
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50) TH-o7DT, 33—125mg/dl (mean+2SD) #%
EEHEE U7, BHEBROEERMEEDY 2 OIETE
FERh - e B E AR L,

Bk 1 HEoEEER T, MEBEE10% h=17),
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BETIZR 2 33%, 25%iC preservation failure 2o
7:58, PG-24 B, PG48 BETIZ 1 I BB L ad o 1o,

[MARFEDFEESRE 1L, MR 29%, CM-24 ¥ 33%,
CM-48 3£ 50%, PG-24 #f 43%, PG48 #£40%TH Y,
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Fig.2. Changes in functional survival rate of
segmental pancreatic autografts. - , fresh
pancreatic transplantation (controls, 7 dogs);
----—, 24-hr-preserved pancreatic transplantation
without PGI, (group CM-24, 6 dogs); - ,
48-hr-preserved pancreatic transplantation
without PGI, (group CM-48, 4 dogs) ; ——, 24-hr-
preserved pancreatic transplantation with PGl
(group PG-24, 7 dogs); —, 48-hr-preserved
pancreatic transplantation with PGI, (group PG-
48, 5 dogs) ; Tx, transplantation.
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3. MEA>YRY v

EEEMABROTBERME S > A g
84 + 36uU/ml THo1.

BREEBOME S > A ) > EI, I8
7.3 = 3.04U/ml, CM-24 3 6.1+1.8,U/ml, CM-48 &
6.3 £ 092U/ml, PG-24 B 75+2.1xU/ml, PG-48 3
7.2 + 344 U/ml TEREBEMIIEIZRO 25 o7, £50)
OBEHRLIBBOMBEA > AU Y EE, NEER
303278 U/ml, CM-24 B¢ 7.4+3.4xU/ml, CM-48

(xU/ml)

Serum insulin levels
nN
[e]

123 4561
Days after Tx

Fig.3. Course of fasting serum insulin levels in
totally pancreatectomized dogs with functioning
autograft. >--=X, controls; O---0O, group CM-
24; o---0, group CM-48; ®—@, group PG-24;
m—mwo  group PG-48. Shaded area represents
normal control range of serum insulin. See Fig.
2. for explanation of groups and abbreviations.

Table 1. Causes of graft loss in segmental pancreatic autografts and death of dogs

causes of graft loss

causes of death

Group prefs;irlgféion t.hrombosis infection sacrifice others
arterial Vvenous
contross - 0 2 0 3 4
e 2 1 1 1 0 5
oy 1 1 1 1 0 3
0 G 0 3 0 2 2 3
i 0 1 1 2 1 2

See Fig. 2. for explanation of groups and abbreviations.
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#108+1.32U/ml, PG-24 # 23.5+20.54U/ml, PG-
88159 + 8.4uU/ml T, #HIEEE, PG-24 BETI N
FILEAS & U 3B S BB B o Tz,
BiEk 2 B B O£ HIM P 23 IR TER EERN
wholz (E3).

4. MEBET VAT ME

REELBROZEHEBOERE S V4 I ER
53.4+37.2 pg/ml TH o7z,

BWEBOMBEE S VA T EIF, R 46228
pg/ml, CM-24 B 56+ 30 pg/ml, CM-48 #¥ 45+22 pg/
ml, PG-24 B¢ 117+ 129 pg/ml, PG-48 & 75426 pg/ml
T, SEMCEIRADRr o, EEFIOBERLHE
EomEE s VA T B, SHEREE 311+249 pg/ml,
CM-24 #£ 102+65 pg/ml, CM-48 £ 133+69 pg/ml,
PG-24 B 130138 pg/ml, PG-48 #£ 92+ 56 pg/ml T,
HEEEEELBR B X Ufo 4 i S REWE
i o0, SHECEIRD -7, BiER 2
BEUEO &SR L, PG-24 B, PG48 BETIZIE
RERGEANICH 7228, EBETREER S D,
CM-24 B, CM-48 ¥ Tld 2~ 4 HE TEWERIZH -
LDl BERESKESEELEERD S LD
1 (E4).

5. ME7 27 —EE

BEEMBADOERFME7 & 7—YHEIE T4

w0~
'E)‘;—-«
> g 400
~N
o 300k 1N
g .
Q
]
oy
80
2
[}
T~
]
)

Days after Tx

Fig.4. Course of fasting serum pancreatic
glucagon levels in totally pancreatectomized
dogs with functioning autograft. >=-—X,
controls; ©--O, group CM-24; o---0, group
CM-48; ®—e, group PG-24; w—m group PG-
48. Shaded area represents normal control
range of serum pancreatic glucagon. See Fig. 2.
for explanation of groups and abbreviations.
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222 U/ml TH -7z, :

BEEZOMET $ 7 —-E{EIZ, XEEE4634£197
U/ml, CM-24 8% 1,698+ 649 U/ml, CM-48 ££ 3,028 +
1,095 U/ml, PG-24 #£1,042+260 U/ml], PG-48 B%
1,916+986 U/ml T, WEFFE < SO 4 BHTIRE
BLEBEETH -2 (P<0.05). 7/, CM-24 Bl PG-
UL ONEECRETH - 72(P<0.05). £&EH
OBRMEBEIBEOMET & -V ER, HEEH
1,146£917 U/ml, CM-24 # 2,200£364 U/ml, CM-
48 B 2,325+602 U/ml, PG-24 £ 1,525+706 U/ml,
PG-48 #2,223+720 U/ml T, *IER#E & PG-24 # &
DR EE 2 o 7288, o> 3 BB WEMICH - %,
BiE% 2 AEMEO A EHM S, [BEIC < oo
LETREVERICH D, 24 HHEERL D 48 FHE
REHT, PCLERBEL VEERFETEVWERICH -
7z, X{EEEE, CM-24 B¥, PG-24 B¢ Tid, B 7 BE
TIRIFEEBICE L. (E5).

II. R ¥ B #8 #% & adenine nucleotides & &,

cyclic nucleotides &

1. Adenine nucleotides

NREOREE T ATP, ADP, AMP&&EB I U Th
5 DEFITH 3 total adenine nucleotides (TAN)
1%, %415.73£1.30 xM/mg dry weight (d. w.),
4.45+0.85 yuM/mgd. w., 1.20%0.56 yM/mgd. w.,

Serum amylase levels

Fig.5. Course of fasting serum amylase levels in
totally pancreatectomized dogs with functioning
autograft. X---X, controls; O---0O, group CM-
24; o---0, group CM-48; ®—®, group PG-24;
m—ua group PG-48. Shaded area represents
normal control range of serum amylase. See
Fig. 2. for explanation of groups and
abbreviations.
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Fig. 6. Chianges in ATP contents in canine pancreas
at untreated period (control), the end of the
perfusion (0 hr), 1, 6, 12, 24 and 48 hr after
preservation. O, control; ® —@, pancreata
preserved without PGI, (group CM, 6 pancreata) ;
m—m  pancreata preserved with PGI, (group
PG, 6 pancreata). Each value represents the
mean*=SD. *, significant difference between
group CM and group PG, P<0.05.

= 25
T
‘= 20
B
- > 15
5
o
E &0 10
QH
SF 5
23 0
2L
£ o, OMPG CMPG CMPG CMPG CMPG CMPG
control0 1 6 12 24 48
Preservation time
(hr)

Fig.7. Changesin TAN contents in canine pancreas
at untreated period (control), the end of the
perfusion (0 hr), 1, 6, 12, 24 and 48 hr after
preservation. Shaded bar, stippled bar and open
bar represent ATP, ADP and AMP, respectively.
CM, group CM; PG, group PG. Each value
represents the mean+SD. *, P<0.05. See Fig.
6. for explanation of groups and abbreviations.
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21.41%+2.26 uM/mg d. w. (n=12) TH >/,

R ATP &40, CM B, PG BT -
LIRTEER L M CORDVESR K E <, Lk
WZEA LT, UL, BRTFER 24 RO BB AT
&ild, CMEE4.9810.60 uM/mg d.w. (n=6),
PGEE7.10£1.38 uM/mg d. w. (n=6) THY, 4
BRI CM $£3.80 £ 0.87 xM/mg d. w., PG
5.23+1.17 uM/mgd. w.&, CM B2 & X PG 87
HOFhbEECEBERRL (P<0.05) (K6),

REEEEM D ADP &, AMP SH#13, &{ERN
IHOTHEHEORICEIRD 22 572, ADP 2 #I3F
HLLRAER IBHMTESEL2 LY, AMP&Ey
CM #Tld 6 B5fE, PGEECI 12 CHR&@E% »
D, LIBRERINEREE & b IED LT

RERE#ST TAN S8I3TEE & b REAICHY
L7z, La L, RESR UGEOBESST TAN 58
1%, CM#£8.51+1.29 xM/mgd. w., PG E£10.85+
1.3l uM/mgd. w.TH Y, 48 BEMITIE CM EE5.73+
1.67uM/mgd. w., PGEE7.91+1.13 x4M/mgd. w.
&, CMBIZS 6XPCHTIIATPOEERMLT
WENLEBCHETH -2 (P<0.05) (E7),

2 . Cyclic nucleotides

MO BB cAMP &, cGMP SZ2I 784
2.96+0.45pM/mg d. w., 66.8+ 38.4 pM/g d. w.
TH-oiz,

RERE ST cAMP & B iI R EEREICBLT
HEcEEZEo o n T, BRICEEL - (l8).

(R cGMP SRR EEREICB VTR
BEECEERED T, RFEE 1 BRETHROK50%
WCE TR L, LUR4SHEE & TR & 2EBidA s hR
otz (K9).

1. 48 BEREEMAHRFROBIEFRFR

PG B BREM &, fHE ik, w5 KV -4
NEBCEELEHL2ESLERshAarof, 2h2
>R 7EARB~RABT, SE®ICEEL, £EHO
BIEEREL, 70 A5 0E L & (R TOR
F & —5 VEERIG R EERICERL Ta s h, B
ki <, MR, B bERLBCERSN L,
72 (M10—A). > 2B (S58) MilTE,
MR T I REMN & DR <, ME/ ke £
o T, MIfEN/NERE, WK R Ren Ty
7z (10— B).

CM BOEMIE T, KESOMBITIEEHAE
fLizEonigh o, —HoMETE, EECH
E/NAELSIEREL, 3 hay R 7aeeRel e
72 (" 10— C). 7 BHIIAT & K5 O g AL
B oI, —HO BHMCHIEE FEESET
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BEBEE, REEREEEZIECY, BAMWAES
eSS COMBEEN L, & 512, EHEERN
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i VIR ET 3 20, viability DFEVIRETH
BEEAREL TB FEEWELT 2 LENH 5,

gL L TBET 2 BEOEREER KT, K5

L THMREIRTE C BRERRTEE S H 5, BiRsH
Bl L BRERRE L OBLIZOL TR, BRED-1
I EREOIIB W T b RIPERESERIITT
uily, Lal, BHEoRECIEERCERZ L,
HETEM L BMSEHEESZH S LT 2 OnHR
Th3.

%1z, BEROMEEIZDWTIE, MIEPIREROE
BEBROFRAENTEANTE DS & 5z, B2 DM
BRAOOR A T2 OERAEbIMEEI N TS
B, FEOSOHEREEUOERERSRERELT
FRENTW3, SEOERCEREER: LTHY

{aY

W

-t
T

(pM/mg dry weight)
N

CAIMIP content

S 01 6 12 24 48
Q Preservation time
(hr)

Fig.8. Changes in cAMP contents in canine
pancreas at untreated period {(control), the end of
the perfusion (0 hr), 1, 6, 12, 24, and 48 hr after
preservation. O, control; @ —e, group CM; =
—®, group PG. Each value represents the
mean®SD. See Fig. 6. for explanation of groups
and abbreviations.

7z CollingM #i%, Collins BEMEEN VDT, B
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30, BREFIC PCLE AV T DR LRI LI-38RE
FEERs>ALL,
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FRE viability W RIZTEEFRE L.

4 R EIBEE R T VI B B RERE DO BHERL
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FEF 24 FER L ALS AR EIE BB ST AL E AR &
EboTRIFREERTH 72, Lo L, PGLEM 48
FERUREEE, PGLIEMR 24 BEM, 48 BSMMRERETIE,
PR L { S REZDEBRIFRRATH o7, &
FEREOBMEERE T 2T, 24 B TOBMBEYE
ETRFHBEBEE LD S % L § 5 L0002
BHENN, ZOIELALHEEBEETTLTHY, B
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Fig.9. Changes in c¢cGMP contents in canine
pancreas at untreated period (control), the end of
the oerfusion (0 hr), 1, 6, 12, 24 and 48 hr after
preservation. O, control; ®—®, group CM;
m—a oroup PG. Each value represents the
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Fig.10. Electron micrographs of the 48-hr-preserwed pancreas. (A) Group PG, showing a normal
acinar cell (X9,500) ; (B) Group PG, showing normal islet cells (X7,500) ; (C) Group CM, the acinar
cell showing changes with diffuse dilatation of rough endoplasmic reticulum (rer) and mild swelling
of mitcondria (m) (X9,500); (D) Group CM, part of one B-cell (b) being well preserved and another
B-cell (b) showing intracytoplasmic edema (*7,500). See Fig. 6. for explanation of groups and
abbreviations.
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Experimental Studis on Simple Cold Storage of the Canine Pancreas —Effect of Prostaglandin
I; (PGI,) on the Viability of the Preserved Pancreas— Koichi Shimizu, Department of
Surgery (1), School of Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc.,
94, 591—604 (1985)

Key words: pancreatic autotransplantation, simple cold storage, prostaglandin I,
cytoprotective effect
Abstract
Previous researches indicate that PGI, has a cytoprotective effect on ischemia-induced cell
injuries. This study was pursued to evaluate the effct of PGI, on the viability of the preserved
canine pancreas. Short-term graft survival rate after segmental pancreatic autotransplantation,
the contents of adenine nucleotides and cyclic nucleotides in the preserved pancreas, and

electron microscopic observations of the preserved pancreas were studied. The pancreas was
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preserved in Collins’M solution at 0°C after perfusion with the same solution. In segmental
pancreatic autotransplantation, the experimental animals were divided into five groups: 7 dogs
were transplanted with fresh pancreas (controls), 6 dogs were transplanted with 24-hr-preserved
pancreas (group CM-24), 4 dogs were transplanted with 48-hr-preserved pancreas (group CM-48),
7 dogs were transplanted with 24-hr-preserved pancreas with PGI, (2ug/ml) -supplemented Colling’
M solution (group PG-24), and 5 dogs were transplanted with 48-hr-preserved pancreas with the
same solition (group PG-48). There was no difference in the functioning survival rate between
group PG-24 and the controls, but the rates in the other three groups were lower than in the
controls. The preservation failure rates were 0% in both group PG-24 and PG-48, but were 33%
and 25% in group CM-24 and CM-48, respectively. Hyperinsulinemia was noted in group PG-24
and the controls on the 1st day after transplantation. Serum amylase levels were elevated in all
the groups, and were higher in the groups of preservation without PGI, than in the groups of
preservation with PGI, after transplantation. The contents of adenine nucleotides (adenosine
triphosphate, ATP; adenosine diphosphate, ADP; adenosine monophosphate, AMP) and cyclic
nucleotides (cyclis 3’-5” adenosine monophosphate, cAMP; cyclic 3’-5” guanosine monophosphate,
c¢GMP) in the preserved pancreas were measured. The experimental groups were divided into two
groups as follows: 6 pancreata were preserved without PGI, (group CM) and 6 pancreata were
preserved with PGI, (2ug/ml)-supplemented Collins’™ solution (group PG). ATP contents in the
24- and 48-hr-preserved pancreas were significantly higher in group PG than in group CM, and
total adenine nucleotides in the 24- and 48-hr-preserved pancreas were also higher in group PG
than in group CM. There was no significant difference in cyclic nucleotides contents in the
preserved pancreas between groups PG and CM. In electron micrographs of 48-hr-preserved
pancreas, acinar and islet cells in group PG showed normal structure. In group CM, however,
some acinar cells showed diffuse dilatation of rough endoplasmic reticulum and some B-cells
showed intracytoplasmic edema. From the results described above, it is indicated that PGI, is
available in simple cold storage of the pancreas.




