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ABSTRACT ' .

The temporal aspects of the-adverse effects of in siﬁu post-
mortem warm ischemia on islet of Langerhans integrity were examined by
histology, electron microscopy, and in pitro fugetional studies. Light
microscooy was not infonmative‘as no-definite»ﬁorphologic changes were
obsérvéd during up to-24 hours of ischemia. Byeelectron microscopy,
_irreversib]é cell danége‘defined by the disruption of cell and organelle
_limiting membraneé was noted by six hours. In vitro insulin'seoretfon
by iso]ated perifused islets was moderate]y 1mpa1red by 1/2 hour and
severely reduced following one hour of ischemia, suggest1ng a s1m11ar .
degree of impairment of viability. A]so, significant progressive
decrements occurred in the number of islets isolated_at 1/2vand one
hour of ischemia and virtually no islets could be isolated beyond one
hour. . | _

Attempts to imorove islet viabi]ity‘fol1owing ischemia oy p g;'
treatmant of the donor andna1 with methy]predniso]onev[30 mg/kg
intravenously for 2 hours] produced a reduct1on in 1nsu]1n secret1on .
from control and 1/2 hour ischem1c islets. This effect, which may
have been secondary to the glucocorticoid actions of the drug, prevented
any conc]us1ons regard1ng its effect on viab111ty of iSChemic 1s]et§* %
Methy]predn1solone did result in increased numbers of 1s]ets be1n§ i
 harvested following one hour of ischemia but did not pro]ong‘ gne

ischemic interval during which islets could be'isolateo.



The major conclusion of this research was that warm ischemia
- .results in a rapid decline "in yield and viability of iﬁ]ets of
Léngerhahs. Accepting decfintmg_numbers and viability, islets for
J transplantatibn could be harveﬁted‘from cadaver donors following warm

ischemia up to a maximum period of one hour.
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 ‘CHAPTER 1

3. INTRODUCTION
A. Research A1m AR L ~}~';)"” I s

The obJectxve of th1s research was to temporally de11neate the
adverse. effects of warm 1schem1a [Append1x I] on the structure and T
function: of islets of Langerhans The practica1 app]ication of thlS g"
very basic 1nformat1on would be to provide guidelines for the | |

harvesting of 1so]a§ed islets for transp]antat1on from human donors ‘
.. subject to ante- mortenn&;chem1c 1nsu1ts or in the early post- mortem S

per1od

Al

B.f Current Status of Islet of Langerhans TranSplantat1on ]
Dlabetes me111tus 15 an 1ncurab1e d1sease w1th current.med1ca1

know]edge The momentous d1scovery of 1nsu11n has a]lowed for |

: regu]atlon of the metabo]1sm of d1abet1c pat1ents to ach1eve increased

| 1ongev1ty and decreased morb1d1ty However, present therapeutic |
measures of dlet, oral hypoglycem1c agents, and exogenous 1nsu11n '
1n3ections, no matter how complex or r1g1d1y adhered to, cannot be the
u]tlmate answers 1n this dwsease The reasons for th1s are that they

) cannot complete]y norma11ze metabo11sm, part1cu1ar1y of g]ucose, and -
they do not prevent the appearance of numerous comp11cat1ons assoc1ated
w1th dJabetes Nhether these secondary comp11cat10ns ar1se from the
1nab111ty of exogenous 1nsu11n to comp]ete]y reVerse the metab011c
abnorma11t1eS~or are due to the 1ack of other essent1a] metabo11c :

N ‘. : \

b

. T



. substances-in diabetic patients is not known. It is for these two‘
reasons that a]ternative means of contro]11ng and hopefully eventual]y
curing this drsease cont1nue to be sought
Not surpr1s1ng]y in thvs era of av1d interest in t1ssue

transp1antat1on, the poss1b111ty of restoring the dlabetlc pat1ent s
‘metabo11c status quo by transplantation has been broached. The
' obstac]e to th1s approach has been that the requlred endocrine tissue,
the 1s]ets of Langerhans, wh1ch conta1n the 1nsu11n - produc1ng beta:
ce]]s and other hormone synthes1z1ng cells, constitutes only 1-2% of

- the pancreas and 1s random]y 1ocated w1th1n ‘the much 1arger exocr1ne
»_component. Reduc1ng the amount of exOcr1ne t1ssue through atrophy
'by preyiou5‘11gat1on of the major pancreat1c ducts is oby1ously not
app]ftableffor human'transplahtation; Contfnuing attempts'are beingy
 made to transplant the ent1re pancreas, or a maaor port1on of 1t
to obta1n the benef1ts of 1ts m1nor-endocr1ne component (19 32 51).
These procedures are very dlfftcult techn1ca11y and meet not only w1th
the . expected reJect1on phenomena but also are fraught w1th comp11cat1ons
--’ar1s1ng from the superf]uous exocrine port1on of the gland and the
.often attached duodenum Although the c11n1ca1 experience w1th
pancreat1c grafts has been genera]ly unreward1ng, many of the rec1p1ents
~ have had an- 1nterva1 of normal1zat1on of their g]ucose metabol1sm, some
' even to the po1nt of no longer requ1r1ng 1nsu11n therapy, support1ng
the concept that transplantat1on of the endocr1ne port1on is a valid
‘k‘therapeut1c cons1derat1on Therefore, techn1ques for transplant1ng

'1solated 1s}ets by themse]ves are be1ng 1nvest1gated

b
A



It was documented early 1n this century by Bensley (7) that

individual- 1s]ets of Langerhans could be isolated from the pancreas

~ "However, it was not until 1964 when He]]erstrom (38) was ab]e to micro-

dissect apprec1ab1e numbers of metabo]1ca11y 1ntact islets from
several mammalian species that their possible use for transp]antat1on
‘came to be_rea]1zed. Dur1ng the ensur1ng decade considerable progress :
-has been made toward e]uc1dat1ng the therapeut1c potential of this |
‘method. . . | |

The continuinglfundamenta1 cha]]ehge of this technique has been
to be able to harvest sufficient numbers of viable islets froﬁ one
donor panereas to adéduately meet the insglin-prbductionarequirements
of a diabetic recipjent; In,1965,'Moska1eh5ki.(63) provided the
basis for current harvest techniques by u$ing enzymatic digestion'with
collagenase to separate the exocrine acinar t1ssue from 1ntact 1s]ets,
allowing them to be hand p1cked from among the acinar debris. This
v_ method was 1mproved upon by Lacy and Kostianovsky in 1967 (47) wheh
they introduced the concept of mechanically d1srupttng the aeinar
tissue in situ by injecting a balanced salt solution via the pahcreatic
duct system and demonstrated that the islets could be‘separated from
the co]]agenase-digested‘exocrine tissue by centrifugation in a
discontinuous density gradient. N1th exper1ence. approx1mate1y two
;hundred 151ets can be gleaned from one rat pancreas w1th this method
(2) and an experimentally diabetic rat can be cured by the 'tsogenq*lc
intraportal transplantation of 400-600‘islets (44).  Similar relatite
“numbers of islets have been obtained from the pancreas of other

species including man (81). The basic fault in this technique has



N

| been that only those jslets. isolated at the time the digestion process

is term1nated are ava1]ab1e for harvest1ng Those"separated earlier

w111 have been d1srupted by on-going enzyme digestion and those st1h1

attached to acinar tissue cannot be isolated. Recently, Scharp et aZ :

- (74) have part1a]1y so]ved th1s problem. In their method, the - ‘\

"pancreatlc t1ssue to be d1gested.1s transferred;jnto a"cy]inder made \

of stainless steel mesh with a pore size of 260 micron diameter, which

is a suitable size to allow separated 1slets to pass out of the

cy]1nder while retaining larger tissue fragments for further d1gest1on.

This apparatus is placed w1th1n a plexiglass tube for the digestion

procedure which 1nVo1ves repeat1ng sequences of add1ng-collagenase

so}utions, agitating the vessel in a'37°C waterbath, -and washing out

. the products of digestion at frequent 1nterVais foilowed by density

gradient centr1fugat1on to obtain the islets separated at d1fferent '

times throughout the d1gest1on process. This method has 1ncreased the

number of 1slets recovered per ‘rat pancreas to. 450 and the 1s]ets

| from one’ donor pancreas can s1gn1f1cant1y ameliorate a recipient's

- diabetic state. Similar success has been ach1eved in 1so]at1ng and

. transplanting islets from the pancreases of monkeys w1th th1s techn1que
Cons1derable experience has been obta1ned in the transp]antat1on

of isolated islets in animals with exper1menta]'d1abetes. These

_ investigations have shown that the most_effjcientrsite for their

. administration is into the 1iveryvia injection into the portal vein

' (3, 44). Histologically, the islets have been shown to lodge tn the

terminal portal venules and become»revasculariaed. With this technique,i.

w

complete normaiization of the clinica1'parameters of diabetic monitoring -



' body’weight blood'sugar lurine volume and glucose content - can be
fachieved However, ora] and ‘intravenous glucose to]erance tests

ttend to evoke m11d1y d1abet1c patterns of 1nsu11n re]ease and glucose
metabolism (70, 72). The cause of this pers1stent abnorma11ty has yet
to'be'eXpTained but-specu]at1on-has»suggested such factors as 1nadequate
'numbers_of_transp1anted islets, the_autonomic denervatfon of the grafts,

3 or.the_abnormal anatomic location of the islets Withfn the porta]

venous system.
| Some”data’has been‘presented'reTativerto the fundamenta]

-questlon of whether 1s]et transp]antat1on can prevent the emergence or ~
progress1on of the serioUs secondary comp11cat1ons of dwabetes o
' Z1eg1er et al (88) have demonstrated norma]wzat1on of e1evated serum
cholester01 and tr1g]y¢er1des 1n streptdzotoc1n d1abet1c rats fo]1ow1ng
»1sografts Mauer et al (57 58) have shown that the ear]y renal
-glomerular. 1es1ons in. exper1menta1 diabetes 1n rats, cons1st1ng of B
h1stopatho]ogﬁc mesang1al th1cken1ng p]us-1mmunoh1stochem1ca] demon-
strations of depos1t1ons of IgG IgM and comp]ement w1th1n the -
mesang1um, can be reversed or the1r pro ress1on ha]ted by . 1s1et o
transplantation. However, it is debatab]e Whether the morpholog1c.
and metabolic abnorma11t1es 1n an1mals with chem1ca11y 1nduced
hyperg]ycem1a re the equ1va]ent of human d1abet1c patho]ogy

' " The trzxsplantat1on 1mmuno]ogy of 1so1ated 1s]ets of Langerhans
has also been 1nbestlgated From early work w1th whole pancreas homo'i:'
: transplants, h1stologlc and funct1ona1 eva]uat1on of the- 1s1ets | -
suggested that they were re]at1ve1y spared by the reaect1on process,

’ ?gjv1ng rise to hopes that they'm1ght_be an.1mmunolog1cal]y pr1V11eged _



organ (75). However, as experience with non-immunosuppressed allogeneic
pancreatic transplantation has accumulated, the fsTets have been shown
to obey all the rules of transp]antationvinmunology and their pattern
of fejection is similar to that of the exocrine tissue with a mean

' survival time otA8-12 days 11{ 41). iSunprisfngTy, when isolated fs]ets
are transplanted across strong,histoincompatibility barriers and their
survival assessed by their'ability to nprmalize glucose metabo]ism,

they appear to undergo a very rap1d first set reJect1on with a mean
surv1va1 t1me of 1-3 days (71, 88). It_1s d1ff1cu1t to explain such a"
rapid lpss of. function of\thewgrafts as»being due to immunqlogic'
attack »These observations can probably be more appropriately explained
__from analysis of the pattern of g]ucose metabol1sm after isogeneic islet .
transp]aﬁtat1on Upon isografting, an abrqpt'dec11ne in blood and
'ur1ne gTucpse ]eveis of 143 days dnration.occurs nithja subsequent
.‘,‘retUrn tb a more diahetfc}state'foilowed by.a gradual improvement in
g]utose'hpmedstasis over’appfOximately one.week (50)-. The'initial

response is7probab1y due to the-passfvesre1ease'of insu]in from damaged

R ‘v1slets super1mposed on d1sturbed feed1ng hab1ts resu1t1ng from the.

operat1on wh11e the more slowly evo]v1ng resolut1on of the d1abet1c
;wstate represents truephys1o]og1c functlon of the'1slets In a11ogene1ci
transp]antat1on, the trans1ent apparent 1mprovement 1n g]ucose regu-
:]at1on oceurs but—the—permanent funct1ona1 estab11shment of the 1s]ets
“over the next few days 1s 1nterrupted by re3ect1on phenomena occurr1ng
: at the usua] t1me Attempts to pro]ong the surv1va1 of a1109rafted
: _1slets w1th 1mmunosuppress1ve agants have shown some benefit frmn

azoth1opr1ne (2) and antllymphocyte serum (88) but the results to date



~_have been unspectacular. » o . ) ¢

. The answers to the quest1ons of whether is]et transplantation
can favorably 1nf1uence d1abet1c comp11cat1ons and whether prolonged
surv1va1 and function of the grafts can be achieved must await
transp]antat1on into human d1abet1cs. At least one c]1n1ca1 tr1al is’
currently in progress (64) but widespread tmplementation‘oflislet
transp]antat1on must be considered to be premature and not condoned
at this time (33, 65); The maJor deterrant to-human transp]antat1on
studies'is thevfact'that immunosuporeSSiue therapy would naturally be
necessary ‘The side effects»of'the present hethods of-oreventingfs
reJect1on p]us the h1gh r1sk of 1nfect1on in 1mmunosuppressed d1abet1cs
are not safe alternatives to the current means of treatment in the
majority of cases. . R / |
. It has perhaps been fortuatous that pancreatic and isolated
.'1slet transplantation Have been d1ff1cu1t prob]ems in that the
precoc1ous c11n1ca1\1ntroduct1on.of such therapeut1c means as occurred
~with other organs has been prevented.' Now that human isoiatedeislet
”transplantation is“beginning to be employed the fundamental knowledge'

of the technique is extensive.

. Rationale for Research Project

» Shoui¢:§§1et of Langerhans transplantatlon prove successfu] in
prevent1ng*the~gyo]utlon of the comp11cat10ns of d1abetes mel11tus, it
'wou1d become a v1ta11y 1mportant prevent1ve hea]tq measure. Trans-
plantat1on would béﬁ]nd1cated not Jjust in a small gcgup of pat1ents with
advanced secondary 1‘i1ons but perhaps ‘in the entfre populat1on of
d1abet1cs. HOWever, could such w1despread app11cattoﬁ'of this therapy .



ever be p0551ble? _

From the accumulated experience with kidney transplantation in
the relatively small number of renal faiiure patients, it has become
apparent that the availability of donor tissue is a major limiting
factor in meeting the demands for transp]antatioq (25, 66).
shortage of organs is due to the 1im1ted number of suitable donors plus
the apprec1ab1e percentage of harvested kidneys that must be discarded -
or fail to function after transp]antation due to warm ischemic damage.
-The first problem can be dealt with only through expanded public
relations programs in hope that pubiic'awareness will increase'the '
number of drgan donations. Continued scientific-investigation can
- contribute to a more thorough understanding of thevpathophysioidgy of
'warm'ischemicAinjurypand discoVer more effective nethods by which it
can be minimized. ‘ | .

_-,In human islet of Langerhans transplantation the short sUpply'
of donor_tissne can be expected to strictly 1init the number of
‘patients to be freated. Islet trahsplantation requires'their iso]ation ,
‘using'harveSt procedures»which"to-date‘have.poorvpercentage yields.

'In contrast to renal transpiantation'Where'one donor.can proVide organs
for.the treatment of two patients, isiet transplantation may reqdire
multip]e ddnors per recipient. ‘Also, as islets are situated in an
'unpaired'organ, liVing donors, who have been a valuablé source of
“kldneys for transplantation in some countries, w111 not be ab]e to be ‘
used.- If the number.of donors and,the percentage.of islets isolated
_fromAeach'pancreas'cannotbe'increased,vthen the,naximum viability of

tissue from a]l‘pdtentia]’donors becomes a critical factor if'islet-“



transplantation is going to be more than a rare occurrence It.is‘for"
v'th1s reason that efforts shoqu be made to determine the per1od of
ischemia- that islets can to]erate whi1e mainta1n1ng structura] and h
-:functlonal 1ntegr1ty o 7' o
There are several reasons why 1t would seem that the parameters

estab11shed for the.temporal course of warm 1schem1c injury n other
l: transp]antab]e organs most notab]y the k1dney (18 -87) angr*1ver (27,

- 30) cannot be. app11ed d1rect1y to the islets’ of Langerhans Islet
3-funct1on 1s not based 0n complex. ce11u1ar organ1zat1on as is present in
the k1dney where the tubular ep1the11um 1s most sens1t1ve to ischemia g
(87). Is]et transplantat1on does not requ1re d1rect revascu]artzat1on
by surgical anastomoses w1th the resu]tant disturbed hemodynam1cs - |
' ~secondary to ischemic'1n3ury (59 '82) Also. islets do not manlfest
organ failure -to. the degree that occurs in the k1dney fol]ow1ng other
>1schem1c insults such as hypotens1on Hypoxnsu11n1sm and hyperg]ycem1a
do occur dur1ng shock states but these changes are of mu1t1factor1a1
and as yet 1ncomplete1y defined et1o]ogy (16, 22). It is postulated
- that the 1nappropr1ate reduct1on in serum 1nsu11n 1eve1s may be due to

‘beta cell unrespons1veness secondary to hypox1a or 1nh1b1t1on of 1nsu11n

re]ease by - the sympathetic nervous system response to stress . The -

N hypo1nsu11n1sm occur51rxsp1te of a reduced rate of insulin degradat1on

LN
B

(16) Nhatevér the cause, these aTteratlons in the homeostat1c R
- mechanisms for glucose metabo]1sm are on1y trans1ent phenomena 1n 4;:J‘
" those subjects who recover from shock (13) These 1d1osyncras1es would N
appear to Just1fy the 1nvest1gat1on of the effects of warm. 1schem1a on

~ the subsequent v1ab111ty of islets of Langerhans for transplantat1on



CHAPTER I1

MORPHOLOGY OF TSLETS OF LANGERHANS FOLLOWING °
. EXPOSURE' TO.WARM ISCHEMIA .

To obtain'a perspECtive of the tempora1 course of ischemic
damage to 1s1ets, their morpho]og1c integrity fo]]ow1ng progress1ve1y
prolonged per1ods of exposure to warm ischemia ‘in situ was examined
histologically and by electron microscopy. Any structural deterlor-
ation that could be observed during: the study intervals was expected
-to be an 1nd1cat1on of- v1ab111ty following ischemiic insults and to

provide a time reference on which to plan subsequent functiona] studies.

A. -Materials and Methods o - B

Al] spec1mens were obtained from non- fasted male Wistar rats ‘
we1gh1ng 300- 350 grams ~ Control an1ma1s had pancreat1c tissue removed
under ether:anesthes1a Ind1v1dual study animals had tissue spec1mens
co]lected-at 1, 2 4 6, 12 or 24 hours after be1ng sacrificed by over
exposure to ether and kept at rocm temperature [22 26°C]. Two series -
of an1mals were stud1ed one by 1lght m1croscopy and the othéf by ;

_nelectron m1croscopyr ut111z1ng the follow1ng techn1ques

SEPRE I H1stology '

Tota] pancreatectomy was performed and the entire specimen was.

'-ﬂ1mmed1ate1y p]aced in Bou1n 'S f1u1d [p1cr1c ac1d, saturated aqueous'

_A,soiut1on, 750 m] 40% forma]dehyde, 250 m], and g]ac1a1 acet1c ac1d
'50 m]] (76) for. at }east 6 hours to. a]]ow for tissue f1xat1on ' B]ocks

approx1mately 0.5 cm square were exc1sed from the spec1men, dehydrated



in a graded series ofVaIeoho1,-end»embedded in‘pareffin. ‘Sections

- 5-6 microns thick were eut on.a'mfcrotome, These were etained'with

‘a modification (77)‘0% Gomori's. a1dehyde fuehSin (34)’Which is
specific for the secretory granules of the beta cell component of the |
':1s]ets, and countersta1ned with metan11 yel]ow (77)

2. Electron M1croscopy » | _‘ .

Each spec1men cons1sted of ten 1x2x2mm [approx ] pieces of |
tiesoe‘sharply exc1sed from random areas of the.pancreas. These were-
trensferred immedidteTy'to 3.5 m,6.5% g1utdra1dehyde in 0.1M CaCOdylate B
buffer, pH 7.3, at 4°C and kept at 4°C for a minimum of 24 hours to

--.a]]ow for fixation of the t1ssue They were then washed overn1ght

L d

in three changes of cacodylate buffer and post f1xed in osmium
tetrox1de (14) for two hours at 4°C. The tissue was dehydrated\by
‘».rap1d changes in graded a]coho]s followed by propylene ox1de and was
embedded in Epon 812 modiMed from Luft (53) S11ver sect10ns were
cut on a Relchert OM-U2 U]tram1crotome equ1pped with a diamond kn1fe
and were placed on-400-mesh uncoated copper grids. Sections sta1ned
with urany] acetate (80) followed by 1ead citrate (26) were v1ewed 1n

a Siemens E1m1skop 1A electron mwcroscope

B. Resu]ts
A-normal islet of Langerhans is shown fn Figure 1. The beta
" cells, whose secretory grdnu1e§ stain deep'purple'with‘a]dehyde. '
E’fuchsin,_comprise the majority of the‘endocrinevce11s of the rat is]et.‘
A few cells with unstaihed-granu]es preSentbat the periphery of the
islet‘represent the non-beta [alpha,idefte, or c] endocrine cells.
Afthough unencapsulated, the ielets.are demarcated from the surrounding :



FIGURE 1. Normal rat is]et,df'Langérhéns [x4od]..

, B - beta'tél]
nbn—B'-fhoh-beta endocfine cell.

arrow - capillary =~
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acinar tlssue by a thin layer of retlcular t1ssue (8) They pOSSeSS a -

rich capwllary supply to provide for rapid exchange of setretagogues

and hormones. - N ;_i e e
Islets subjected to lz and 24 hours of warm- 1schehia in ettu

are shown ;n F1gures 2 and 3. Although Tather prom1nent histolog1c "

proce551ng artifacts are present.'the overall architecture of the 1slets

-‘apparently was preserved The beta. cells appeared to have maintained

v‘their 1ntegr1ty and still conta1ned abundant secretory granules Nuclei

.‘were present w1th1n the cells but appeared pyknotic, although Jack of

‘chromat1n staining made thlS d1ff1cult to confirm. Similar normal |

appear1ng structure of the islets with no definite evidence of* |

irrevers1ble cell damage was observed at all time intervals studted

| Rather than employ more diverse h1stolog1t techn1ques to determine 1f

- any morpholog1c deterioration was occurr1ng durlng the study period Q

electron m1croscopy was undertaken.1 . ‘~' o o »‘ ‘ \’-w;j'_
The ultrastructural“fppearance of a normal rat 1slet of s |

Langerhans (40, 69) is: deptcted in Plate 1. The endocrine cell types

‘are d1st1ngu1shable by the charactersit1c morphology of their secretory 45.

:granules -The beta cells have granules of two types those thh an’ e

1electron dense};rregularly spher1cal core separated from its l1mit1ng

'.membrane by a relat1vely wide zone of low density plus others conta1n1ng

K pale amorphous granules w1thin a more ttghtly f1tt1ng membrane. ‘The;“- o

“Tr_;narrow med1um density peripheral halo to which the llmit1ng menbrane N

:T'g alpha cell granules have a variable high densrty'Central core with a..'

R

. {'is closely applied' The other intracellular organelles - nutably'the

V'mttochondrta, golgi apparatus, and endoplasmlc:retiCulum‘ appeared
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FIGURE 2. Rat isiet - 12 Mours warm ischemia [x400].

o

" FIGURE 3, Rat islet - 24 hours warm ischemia [400). .
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PLATE I. Ultrastructure of rat islet of Langerhans, normal. [x11,000]
A - alpha cell : -
B - beta cell
sg - secretory granules

,
et
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quite normal in this preparation 'AThe nuclear chromatin clumping was
due to glutaraldehyde f1xat10n (83) | ‘
| F0110w1ng exposure to warm ischemia in situ, the u]trastructura]
‘appearances, var1ed somewhat from cell to cell at each time .interval.
. However, from the series of specimens’ stud1ed a sequence of events for -
the general popu]at1on of endocr1ne cells cou]d be descr1bed as follows.
No islet tussue cou]d be found 1n the tissue from the rat

subject to one hour of 1schem1a | » '

_ After two hours 1schem1a [P]ate II] there was ev1dence of a
moderate degree of cell 1nJury (83). Some m1tochondr1a were in a _
| condensed de-enétg1zed phase while the maJor1ty demonstrated m1]d to
~moderate high amp11tude swe111ng There was - w1den1ng of the less dense o
peripheral ha]os of the secretory granules, part1cu1ar1y in the beta |
cells; a mild degree of widening of the ]amel]ae of the endoplasm1c
ret1cu1um, and commenc1ng swelling of the cytoplasm1c ground substance,
espec1a11y per1phera1]y, g1v1ng the appearance of the organe]]es belng
concentrated toward the centre of the ce]]s These oruane]le and j_
cytoplasm1c changes .indicate electro]yte and water sh1fts occurr1ng due
.to disruption of membrane transport mechan1sms secondary to diminishing
1ntrace]1u1ar energy sources. notably ATP (6 83) Early‘nuc1ear ;
chromato]ys1s had occurred An occas1ona1 "dark cell" was a]so seen,
. suggesting dehydrat1on of the cell secondary to 1nJury

At. four hours the demonstrated changes were s1m11ar to, but‘

-s]1ght1y‘more severe than,-those observed after two hours The ma1n
features were progress1ve d11at1on of the granu]es 11m1t1ng membrane,v

~ making d1fferent1at1on between cel] types d1ff1cu1t ‘and further



PLATE II. -U1tfastruci:ure rat. islet, two hours warm ischemi.a'. [x9000]
: ' ' ER - endoplasmic reticulum ‘
M - mitochondrion.
heavy arrow - dark cell
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sweTling of'the endoplasmic reticuTum.with vesic]e‘formation'[PTate 111].

By s1x hours [PTate v] progre551on of the above changes was -
bassoc1ated w1th cons1derab1e swe111ng of the cellular ground substance’
and a greater degree of nuclear chromato]ys1s More 1mportant1y, the
_d1srupt1on of both cell and organelle 11m1t1ng membranes at that t1me
can be accepted as the f1rst definite 1nd1cat1on that irreversible
structura] damage had occurred. L

After twelve hours of warm 1schem1a [Plate V] there was almost
'total d1s1ntegrat1on of the ultrastructure of the islets, the only means.
-of 1dent1fy1ng them be1ng the pers1stence of small numbers of secretory
granules.. The 1nterce11u1ar spaces conta1ned Targe amounts of ceT]ular
debris. Numerous intracellular and occas1ona1 extracellular mye11n :

figures were present.

In view of the pos1t1ve ev1dence of- 1rrevers1b1e cell damage at
‘six hours and severe d1srupt1on of the 1s]ets at the subce]Tu]ar Tevel

by twelve hours, “the 24 hour spec1mens were not exam1ned

C. Discussion. .. d,b - o ',‘? |
The preservat1on of 1ntegr1ty of the 1schem1c 1sTets of Langerhans
_observed with the resoTv1ng powers of the ]1ght m1croscope indicate that
i th1s was an 1nsens1t1ve techn1que, when compared w1th electron microscopy,
for determ1n1ng the morpho]og1c end- po1nt -of ceT] surviva] _ There were
" no varying parameters by wh1ch a time of 1rrever51b1e anury cou]d be
__detenn1ned Therefore, h1sto]og1c methods would seem to be of 11tt1e
. value 1n stud1es assess1ng the viab111ty of islets for transp]antat1onL
; ' The ultrastructural changes demonstrated in 1slets exposed to
| warmufschem1a are 1n:no way un1que to this organ, S1m1lar aTterat1ons '

A '\.‘ ’

s



PLATE I1II.. Ult_raétructuré rat islet, four hours warm ischemia. [x9000]
ER - e’ndop]asmic.feticul um '

s
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. PLATE IV. Ultrastructure rat islet, six -hours warm ischemia. [;9000],'»
S " EX - exocrine cell - o .
PM - plasma membrane
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‘ PLATE V Ultrastructure rat 1slet. twe’lve hours warm 1schem1a [x9000]
secretory granu'les . e
myeHn f1gures Gyl |

intercellular space

exotnne cell

s
SIS -
EX -
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.'warm 1schem1a. beyond which ‘time progre551on to complete ultrastructural

e

occur in all cells subject to'iSChemic injUry\and during autolysis!

;;The s1gn1f1c:§§e of the progress1on to 1rrevers1ble damage observed 1n :

this . study is the tlme sequence determ1ned Tha¢ 1s, structural damage

.

.suggest1ve of. cell death had occurred follOW1ng six hours of exposure to

N
d1sorganizat1on ensued Therefore by morpholog1c cr1ter1a, the max1mum_

time interval during’whlch 1slets of Langerhans can be harvested from.

post mortem donors and be expected to retain potent1al v1ab1l1ty is lessv- o

v
than six hours However ‘as’ lethal funct1onal 1mpa1rment usually has

occurred pr1or to 1rrevers1ble structural changes, the tTme cr1ter1a 5

for v1abll1ty of cadaver 1slets establ1shed by th1s phase of 1nvest1gat1on

' may be too generous

S1m1lar ultrastructural stud1es of cellular degenerat1on dur1ng *hg;"

.1schem1a and autolys1s have been reported for other transglantable organs,'f;5H

ﬁf_notably l1ver and: k1dney R N rf* Q ‘i": . 7//

e

Bassi - and Bernell1 Zazzera (5) stud1ed morpholog1c deter1orat1on v&::f

and 1ts revers1b1l1ty 1n hepatocytes of rats subJected to up to l20
m1nutes of 1nterrupt1on of vascular supply plus follow1ng a. two- hour ﬁo"

recovery per}od of reperfus1on They noted early [15 minute] degeneratlon SN

__offthe plasma membrane adaacent to the space of Disse, wh1ch they

lt_h; J-__

’ attr1buteg to the lack of a buttress1ng effect of adjacent cells, assoc-i

‘1ated‘w1th a large flux of plasma 1nto the cells Exten51ve dtsrupt1on u‘

?‘fof the plasma membrane around the rema1nder of the cell was v1suallzed

_fat 120 m1nutes Swell1ng of m1tochondr1a and. endoplaSM1c ret1culum

‘ ;present at 30 m1nutes had progressed by l20 m1nutes to pronounced m1to- -

o chondrlal swelllng and severe ves1culat1on and fragmentatlon of the
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endoplasmic reticulum. The ischemiC»changes were.less marked in fed
animals with.adeouahf hepaticnglycogen stores in contrast to fasted
subjects. Reperfusion-of'the cells}for two-hourS'reversed.the
structural.alteratiOns.occurring with up to So.mlnutes of-ischemia but
not those induced‘by_lzbeminutes, those'cells going on.to necrosis with
“the exception of some in the non-fasted-animals
. | Study1ng cadaver pig: l1vers left in gitu follow1ng sacrifice,
"Slagel and - E1seman (78) noted mttochondr1al ‘swelling, ves1culat10n of the
endoplasm1c ret1culum, and occa51onal ruptures of the cell membranes
“‘adjacent to the space of D1sse w1th1n 30 minutes. Mitochondrial membrane
\rupture,: complete dwsorgan1zat1on of the endoplasm1c reticulum, and
"1ruptures throughout the cell membrane were observed at one hour They
'vproposed that the structural d1s1ntegratlon correlated well with
::prev1ously demonstrated reduct1ons in metabol1c act1v1ty [ATP generation,
v 02-uptake :ammon1umvclearance, and bromsulphale1n clearance] of a
‘lmoderate degree at 30 m1nutes and severe at 60 m1nutes of ischemia (84)
o Stud1es of renal ultrastructure dur1ng 1schem1a are. complex due
}"-to the var1able res1stance of d1fferent components of the nephron to
-”1schem1a, most notably the senS1t1v1ty of the prox1mal convoluted tubule
'hiCook et al (20) awd Latta et aZ (49) exam1ned the ent1re nephron under-
"?'go1ng Ln vztro autolys1s and confwrmed that the degenerat1ve changes were
Lfhamfest most rap1dly 1n the prox1mal convoluted tubule.‘ The earl1est |
abnormal1ty [20 m1nutes] was swell1ng of the m1crovill1 at the free brush

border of the cell By four hours dramat1c changes of general1zed

SWG‘]THQ and obl1terat1on of m1crov1ll1. cytoplasmic swell1ng, fragmen-.f"'"‘

tat1on and ves1culat10n of endoplasm1c ret1culum, m1§bchondr1al swell1ng e

EY
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and fragmentation, and nuclear shrinkage were observed. Beyond four
hours there was progressive loss df the limiting membranes of the

cell, sdme ehdoplasmic reticulum, and mitochondria. Similar morphologic

deterioration developed more slowly throughout ‘the remainder of the

~ tubules and. glomerulus.

| Okada (67) demonstrdted alterations in the proximai tubule cells
of rats aftef two hours of renal pedicle clamping. The notable changes
were marked distortio{ and sQe]]ing of the microvilli of thebbrush'
border and swelling of the mitochondria. These structural changes
reversed slowly over approximately one month following resumptidn of
circulation. ' , |

- From thgée studies, it is apparent that u]tfastructural

detefibfation 6ccurs rapidly in hebatocyteé subject to iSchemia, :

irreveréib]e destruction of cell and organelle, morphology having oCcurred

. following periods of ischemia in excess of one hour. The morphologic

changes described in the reha] nephron in in vitro autolysis studies
are more diffiqu]t.to interpret due to the variable degree to which

différent levels of the nephron are affected with time but indicate that

" extensive and probably irreversible structuraT damage has occurredvby

four hodrs; Therefore, the. Tess fhan six-hbur time ihterva]vduring.
whfth 1imiting'membraﬁes are maintained {hvislets,of Langerhans subject
tb#Warh‘ischemia'isiconSidefably fonger thanin hepafocytes‘and perhaps -
1onger than at léaSt the proximaI convolUie tubb]e'cells of thekadnéym ‘

R



CHAPTER IIT .

IN VITRO FUNCTION OF ISLETS OF LANGERHANS
SUBJECTED TO WARM ISCHEMIA '
The objective of the second phase of investigatjon was to
festaBTTsh“ampelathnship between.the duration of exposurebto warm
ischemia in gitu and the impatrmentlof in viteo,function.of islets of
Langerhans isolated as for transplantation. 'Thfs resu]t»would be an

indication of their viability following such an insult.

A, Rationale for In Vitro Research Model: _

The specialtied function of the‘beta cell component of the islets
of Langerhans is to ‘synthesize and secnete insulin to_meet the body's
' homeostatic‘requirements, particularly for g]ucose metabo]ism; |
Eva]uat1on of - the 1nsu11n secretory response fo]low1ng exposure to |
_ 1nsu11notrop1c agents 1s therefore a means of ussess1ng the metabol1sm
of the beta cell. From stud1es directed towards\§1uc1dat1ng the mechanISms
~of 1nsu11n secret1on, an in uztro method of 1nvestigat1ng this response, d
a "per1fus1on" system, was deV1sed "_ .
| " This per1fus1on method was first app11ed -to 1so]ated 1slet
preparatwons by Lacy et at . 1n ]972 (48) The 1slets are p]aced on-a
5 micron pore 51ze f1lter paper- w1th1n a smal] flltratlon chamber through
wh1ch a ba]anced sa]t solution w1th added album1n and glucose is
continuously passed at a flow rate of approx1mately one m11111ter per
‘minute. An initial stab111zat1on period of at least 30 m1nutes -of -

exposure to,low g]ucose.concentrat1on [30 mg percent] a]lows insulin

& | o o . 32
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a
release to diminish to baseline leve]s To stlmulate 1nsu11n secret1on,
‘the glucose concentratwon of the per1fusate fluid 1s changed to
300' mg percent. Samples of the effluent fluid are co]lected at -
¢appropr1ate time 1ntervals durlng per1fus1on and the amount of 1nsu11n
secreted s determ1ned by radlo1nnmnoassay Typically, normal. 1s]ets
secrete 1nsu11n in a b1phas1c pattern upon stimulation-with e]evated'
glucose concentrations " The ear]y peak of re]easexas thought to ar1se
from a smal] rap1d1y mob111zed 1nsu11n poo] and “is fo]lowed by a more
pro]ongedphase1n which the elevated rate of 1nsu11n secret1on is from
less Tablle stores and newTy 1n1t1ated synthes1s Th1s response pattern
is sam11ar to the changes in serum 1nsu11n concentrat1on folTow1ng
‘ g]ucose st1mu1at1on in- normal subJects in vivo (15) The technique has’
. been used to 1nvest1gate the dynam1cs of 1nsul1n secret1on and the
effects of var1ous pharmacoTog1c agents on this process '
_‘ The i vttro per1fus1on techn1que was con51dered to. be a suitable
model for- attempt1ng to temporally define the de]eter1ous effects of .
warm 1schem1a upon islets of'Langerhans integrity. The bas1s for this
dec1s1on was that the parameter to be observed - 1nsu11n secret11&b”
is an active cell process requ1r1ng 1ntact metabol1c pathways and there-
_fore is an 1ndex of viability of the isTets beta cell populat1on
A model for the mechanism of 1nsu]1n secretlon [F1g 4} was
_ rev1ewed by Malaisse in 1975 (53) For 1nsu11n secret1on to. occur
fol]ow1ng gTucose stimulat1on. g]ucose must be metabol1zed to generate
ATP and perhaps be transformed into an 1ntermed1ary metabo]1te wh1ch
1n1t1ates 1nsu11n release. Blocking the phosphory]atwon of glucose. |

by mannoheptulose administrat1on 1nhibits 1nsu]1n secretion (21 55)



FIGURE 4. _Mechanism of insulin secretion from beta. cell. .
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but the metabol1c pathway 1nvolved has not yet been determaned The ':::)
ATP generated prov1des the energy requ1rements whereby calclum ions are ,
’faccumulated w1th1n the cytosol through 1ncreased 1nflux v1a a sod1um- A

: dependent pump mechan1sm plus 1nh1b1t1on of the1r efflux (54) These .ff:e
”1ons serve an 1ntermediary funct1on by induc1ng conformat1onal changes ,
_1n cell membrane-assoc1ated microtubular structures to which are

kattached insul1n—conta1n1ng granules (46) The secretory granules are

'ff;thereby propelled to the cell surfaCe and their 1nsulln content released

f f_%y emnocytos1s (45 68) The 1n1tial rap1d phase of 1nsul1n secret1on -

”‘l1s accounted for by granules prev1ously assoc1ated wwth the m1crotubules

t7&whlle the second phase represents granules free in the cytoplasm

.i:,becom1ng attached to and secreted by the system (45) This glucose— 1‘ |
"r_sens1t1ve pathWay of 1nsul1n release is under the modulat1ng effect on
. ;;another act1ve metabol1c process-— the cycllc AMP system (9 62)

??p:Accumulation of cycl1c AMP w1th1n beta ce?%s, e1ther by 1ts 1ncreased

“7irate of formataon from ATP via adeny lase or-1nh1b1t1on of 1ts ::,'

}igﬁphosphod;esterase-med1ated degra:a':onZ’potentiates glucose st1mulated

i

Zﬁ)1nsu11n secretion. It is. proposed that cycl1c AMP causes an"ntra-a-
lrrcellular shrft-of calcfum ions from with1n vacuoles to the cytosol,-'

ts;augment1ng the st\mulus-secretion coupling mechanisms for glucose

;igEDJsruptvon—of these sophisticated energy-requir1ng prOcesses by the

paehpphysxolog1c consequences of ischem1a will 1mpair the ab1l1ty'to

"f secrete gnsulin. Such_damage will be detectable 1n the secretory

responses demonstrated f ;Perifusion of 1solated 1slets .7',-5



B. _Materia1s~and'Methods

AN experjments used nonfasted adult male Wistar rats.  The

following groups were studjed::‘j' . R .
_ Experirnenta,l Gréoup‘ o anbe-r of Experviments
Control 10 |
‘:1f112:h0ur;1schemfa{::_ 111 : 10
e fﬂdhournISChemia.: o 0

- The contro] group represents those an1mals in which the

',harvest1ng procedure was begun with the anima]s a11ve under ether

"anesthesia. The 1slets from these an1ma1s wou]d be expected to have

v the opt1mum 1nsulin secretory potent1a1 to wh1ch all others may be
compared The an1ma1s in the ischemic study groups were sacr1f1ced
by an overexposure to ether and Teft at room temperature [22 26 ¢

- for the desired time 1nterva1.

1, Iso]at1on of Is]ets of Langerhans
The 1slets were harvested us1ng a mod1f1cat1on of the method
of Lacy and Kostlanovsgy (47). Y _'. | o
After shaving the an1ma1 S abdomen, a generous m1d11ne 1aparotomy
1nc1s1on was berformed The duodenum was mob1]1zed to faci11tate iy
v1sualizat1on of éﬁ% course of the common bile duct At the po1nt where
it enters the duodena] wall, the common bile duct was 11gated w1th a
. 4-0 511k suture,’ one end of wh1ch was left long for traction, The ‘
’superior portion of the common b11e duct was then exposed just below the'
juncture of the hepat1c ducts and, us1ng blunt d1ssect1on, was '

ske]etonized for approx1mately 0 5 cm. Just 1nfer1or to this reg1on,
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a 4- 0 silk ligature was placed around the duct and tied 1oose1y Us1ng
f1ne scissors, the’ exposed duct was 1nc1sed through approx1mate1y one-
half of its diameter and a tapered polyethy]ene cannula of P E. 10
ca]1bre was introduced into the duct via this 1nc1s1on and secured in
p1ace by f1n1sh1ng the knot 1n the prev1ous]y p]aced suture Using a.
5'ml disposable syr1nge, Hank's ba]anced salt solution [HBSS] at 4°C
was injected through the cannula to distend the pancreas and disrupt
lthe acinar tissue. The injection was‘cbntinued until leakage of the -
so]ut1on through a rent in the pancreat1c capsule -occurred, usual]y after
15 to 20 ml of HBSS had been 1nJected The entire d1stended pancreas
was then qu1cl]y exc1sed and placed 1n a petr1 d1sh on jce containing _
30 m] of HBSS.. | o

The pancreas was rap1d1y m1nced w1th sharp scissers into
‘ ~fragments 1 to 3 m- 1n d1ameter The tlssue and solut1on were trans-
ferred to a 50 m] con1ca1 centr1fuge tube on ice and a]]owed to stand -
2 m1nutes to allow for sedwmentat1on of the fragments. The supernatant
‘was removed by suction and the t1ssue was washed tw1ce with 30 mi A
vo]umes of cold HBSS, a]]ow1ng 2 m1nutes for’ sed1mentat1on of the
tissue on: each occas1on Fo]low1ng the f1na1 wash there would a]ways
be 2 5 to 4 0 m] of m1nced pancreat1c tlssue One m1]l1litre of the
f1na1 supernatant was left in the tube w1th the t1ssue and to it was »
added 16 mg of collagenase [Type I, S1gma] The tube and its contents'f
were then transferred to a 37°C waterbath and ag1tated v1gorousJy by
hand to accomp]1sh d1gest1on of the acinar tissue from the 1slets of
Langerhans ' Th1s d1gest1on was cont1nued until by v1sua1 1nspect1on,

al] the t1ssue fragments had been disrupted This required approx—
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imately 18 minhtes of digestion}for the fresh]y harvested control group
and 2 to 3 minutes less for the ischemtc tissue, suggesttng some
degree of auto]ysis in the latter - The di¥gestion process was terminated
by add1ng 40 m co]d HBSS to the tube and return1ng it to an ice bucket.
Th1s was followed by a 4- minute wait to allow the suspended tissue to
sediment, fo]]ow1ng\wh1ch the supernatant was aspirated off. The tissue
" was resuspended in 10 m cold HBSS and decanted into a‘lﬁ'ml conical-
bottom centr1fuge tube and again allowed to settle for 4 m1nutes The
supernatant was then removed as comp]ete]y as p0551b1e by suct1on,
']eav1ng approx1mately l ml of finely d1gested tissue.
| - This tissue dugest contains iso]ated 1slets plus contam1nat1ng
_ac1nar tissue wh1ch can be separated by d1scont1nuous dens1ty gradient
centr1fugat1on Clin1ca1 grade Dextran {Appendix 11] of average
molecular we1ght of 170 000 was d1ssolved in HBSS in concentrat1ons of
'30 24 18, and 10% and refr1gerated~at 4°c The d1gested t1ssue was
&%horoughly resuspended in suff1c1ent quant1ty of the 30% Dextran
so1ut1on to make a vo]ume of 5 ml - On top of th1s was layered 2 m
volumes of the other Dextran solut1ons in order of decreasing concen-

tration. Centr1fugat1on was’ performed at 800 g for 15 mlnutes

’f._Inspect1on of the grad1ent after centrifugation revealed var1ab1e numbers

of 1slets of Langerhans _v1slb1e as sma]l.wh1te specks_at,the-1nterface
oflthe‘lo and'18% Dextran so]utions with a greater number at'the 18/24%._
': interface. . The preparation was usual]y contaminated w1th a few small
lymph nodes at the 10/18% interfa e plus small amounts- of ductal -
elements and ac1nar t1ssue at the 18/24% 1nterface - These 1so]ated |

'1slets-eou}d then be transferred to the perifusion apparatus_desCribed -

.
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“below. This harvest procedure required approximately 90 minutes.‘

2. Perifusion of Isolated Islets of Langerhans

" Perifusion of 1so]ated islets of Langerhans was performed using
a techn1que similar to that of Lacy et aZ (48)
»I The major component of the apparatus [F1g 5] was a reusable
p]ast1c m1111pore fllter chamber [Ge]man] 1nto which the 1solated 1s1ets‘
could be p]aced. The f11ter papers used”were,24:mm_1n d1ameter_W1th _
- a pore siie»of-s microns. To the oUt1et aperture of the<chanber‘was
attached to a 55 cm 1ength of’S11ast1c tubing [Dow Corn1ng] of 2 m

internal d1ameter wh1ch was secured in‘a per1sta1t1c pump ca11brated to

convey -1 ml of solution per mlnute To the 1n1et was. attached a 30 cm 'd

length of the same-. tub1ng to asp1rate the per1fu51on f1u1ds 1nto the .

system The vo]ume of th1s system was approximate]y 3 ml and therefore o

2 3 minute interval was requ1red for-a’ change in the per1fus1on solution
to reach the samp]1ng s1te at the end of the out]et tube

Two per1fu51on solut1ons were emp]oyed The f1rst cons1sted of
HBSS without glucose t0»wh1ch bov:ne a]bum1n fract1on V [S1gma] 500 mg
~per 100 ml and D- g]ucose 30 mg per 100 ml were added This so]ution wasv
utilized durlng the f1rst 40 m1nutes of per1fus1on to a]]ow stab111zat1on
of the islet beta cells at 37°C w1th no st1mu1us for 1nsu11n release
At 40. m1nutes, the 1ntake tubmg was‘nsferred to the second so]utwn
= conta1n1ng the same- salt solut1on w1th the same concentrat1on of album1n
but haV1ng a D-glucose concentrat1on of 300 mg per 100 ml . to prOV1de a h ‘
stimulus for insu11n secret1on These per1fuswon so]ut1ons were N
maintained at 37°C in a waterbath. The1r in1t1a]_pH_was adsusted to

7.35-7;4OLWith_bicarbonate and, sﬁnce‘they tended to become‘alkalotic,_



. FIGURE 5. Perifusion apparatus. = - .
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. accord1ng1y

the pH was ma1nta1ned at 7.35-7. 45 by bubb11ng a 95% a1r 5% 002 ‘mixture
through the solution. The pH was monitored 1nterm1ﬁtent1y w1th a

F1sher Accumet pH meter and’ the f]ow rate of the gas m1xture adJusted

For each study, 1solated 1s]ets from two of the exper1menta1

| groups were per1fused 1n para11e1 . To p]ace the 1slets on thz m1111p9re..

filters the- 1n1et tubing was removed and a g]ass 10 m1 syr1nge 1nserted

in the intake. Us1ng a large bore pipette, the 1s]ets in Dextran from

~ the,harvest procedure were transferred to.the syringe, ‘Three 10 ml |

vo1umes of‘HBSS wi thout gTUCose at 4°C were syringed through_the fi]ter

,and outlet tub1ng to f]ush the islets onto the f11ter, wash away the

‘-ADextran, and remove a11 a1r From the system The 1ntake tubing was

SN

~begun

f11led wath HBSS w1thout glucose and returned. to-its proper pos1t1on on

- the f11ter w1th its free end in the first per1fus1on fluid. The 1s]et‘

'holdlng f11ter was submerged in the 37°C waterbath and per1fus1on was

An a11quot of the f1rst per1fq§1on solution. was taken d1rect1y
from the f]ask to determ1ne background 1nsu11n concentrat1on in the

so]ut1ons Samp]es of the per1fus1on f1u1d from the outlet tub1ng were

co 1ected accord1ng to a preVTOUS]y detenn1ned t1me sequence [see footnote]

to demonstrate the 1nsu11n secretory response over a tota] per1fus1on

per1od of 2 hours and’ 25 m1nutes as shown in F1g 6 Three samp]es

1;co]1ected during perwquIOn w1th the f1rst solutlon were 1ntendel§%o

x determ1ne the base1ine rate of unst1mu1ated 1nsu11n secret1on As noted

above,'the f1rst samp11ng after chang1ng to the second per1fus1on

'solutlon was de]ayed for 3.minutes " to compensate for the dead space

|



FIGURE 6. Sampﬁng sequence duri‘n»g_ in vitro pe'rifusioﬁ_o‘fi_isle_fs".' .
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~ within the system. Samp]es were then to]Tected_for.Z mjnuteSAeach at
c]ose]y'sbaoed inte?vale during tue'early‘post-stimuldtion period to
attempt to demonstrate increased insulin eecretion rates as early as
.pbssible. During the later more stable stages of_insulin secretion,
samples were collected for 5 minute periods at mofe'wide]y soaced
'intervals.'bA total of 18 samples were obtained for each perifusion
experiment. A11.samp1es were oo1]ected on ice in 6 mllpo1ystyrene tubes
-and immediateiy frozen for subsequent insulin assay. |
Following the termination of perifusiou, the filters were removed |
from the chambers and flooded with a 1% solution of Neutral Red.iu
HBSS. Afiter 10 minutZs, the exceSsttpih.was washed off with HBSS and
the individual islets of Langerhans. could be counted under a d1ssectrng
microscope at 15 times magn1f1cat1on - The. individual 1slets are
distinguishable as distinct, gJobu]ar, intense]y reg stained bodies in-
‘rcontrast to the'irregu1ar shapeo less deep]y stained acinaf tissue and
;the.tubular ductal elements Counting was pekformed indepéndentiy by -
two persons and the results were averaged and brought to the nearest
.multtple of 5. ” ) C}'l
3. InsulinTAssay. B o '
The amounts of 1nsu11n in the samples from the per1fus1on

exper1ments vere determ1ned by a modif1cat1on of the rad1o1nnmnoassay'

o

‘ftechn1que'of>ﬂa1es,and Rend}e (35)-uti11z1ng the reagents and_mxnor '

uodifjcations of -the protocol of'théwsehwarz/ﬁenn Insulin Radioimmuno-
.-_dssay Kit. ; D »M B | |
’ The pr1nc1p1e of th1s techn1que is that 1nsu11n ant1bq‘y may be

pre-prec1p1tated with anti- gamma globulin serum wh11e reta1n1ng 1ts f
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abi]ity to reaCt with~insuTin This allows for separat1on of antibody-
bound 1nsu11n from free insulin by centr1fugation wh1ch can prec1p1tate
the complex By . 1ncubat1ng an unknown sample and a known quant1ty of .

. 13250 ]abe]led 1nsu11n w1th a 11m1ted number of spec1f1c ant1body b1nd1ng
.-s1tes, a compet1t1ve reaction occurs The 1eve1 of" rad1oact1v1ty :

‘ [labelled 1nsu11n] present in the ant1gen-ant1body comp]ex 1so]ated ‘
fo]]ow1ng the 1ncubat1on is 1nverse1y re]ated to the concentrat1on of -
‘1nsu11n in the unknown samp]e The actual concentrat1on of 1nsu11n 1n v
. the unknown is determ1ned by comparing its sped!f1c red1oqc;1v1ty to a :
standakd curve prepaned bj édding various known Jeersfof unlebe11ed"
fnsulin to the appropriate'quentities.ofAlebef1eﬂ ineulin anofanfioody |
. binding sites. | ‘ ' | | | ki

 The reégents used in'thé assay were; n

. (a) unknown sampfes' S

‘(5) human insulin etandard at a concentrafionlof 200 uU/ml

(c) 1125 Yabelled. porcine }nsulin'at 5 concentretion of 1.25
ng/mi, labelled Awith 125 yCi 1125 -

(d) fnsu]in-binding reagent which is porcine~insu]in antiserum
ra1sed in gu1nea pigs and prec1p1tated with anti- gu1nea p1g .
serum from rabbits , |

(e) 0.04 M phosphate buffer with bovinevelbumin fraction V |

[Signa] 500 mg per 100 ml. | |
.:Th.e' assay was pérfom_e_d' in,v"1_2x7'5 mm polystyrene tubes to which
| the'reegents have shown'no~binq1ngieffinity. A]]'e]iquofing of.reegente
“was performed with.tne dxford Sampler Micnopipétting sysfem; '

" There were three-steéSAin‘the.asséy:

~-
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1) The 1n1t1a1 stage comb1ned un]abelled human insulin standard
or unknown samples with: the b1nd1ng reagent and an appropr1ate |
amount of phosphate buffer to make ‘the volume of the react1on.
mixture approximately;ZOO ul. _The volumes added_are“shown in
Table I. Tube 1"determined~the.background radioactiuity °f.
this system Tubes 2 through 9 were for constructing a
standard. curve and were performed n tr1p11cate Tube 10
represents the unknown samp]es from per1fus1on which were

A performed in dup11cate Each assay anvo]ved 200 tubes
vcons1st1ng of 4 background,‘24 standards, and 172 unknowns.
These-reactfon-mixtures wererincubated‘for 6 hours at 4°C as
a Short'preincubation'period before adding {abelled‘insu]in
. has been shown to 1ncrease the sens1t1v1ty of the assay

t, 2) Fo]low1ng the 6-hour incubat1on 100 ul of 1125 labelled

| porcine 1nsu11n was added to each tube The tubes were then »
‘placed in a refr1gerated Packard Gamma Sc1nt111at1on Spectroi
meter, model 578, at 4°C for a further 1ncubat1on per1od of
18 hours and dup11cate count1ng of each tube to obtain ;
t"Total Counts Per M1nute [CPM]" for each samp1e _

_3)’After 18 hours, 1 m of phosphate buffer was added to each

t tube and ag1tated w1th a vortex mixer Centr1fugat1on at
4500 g for 20 m1nutes at 4°C 1n a Servall RC-2 refr1gerated
centr1fuge was used to prec1pitate‘the ant1gen ant1body
'complexes The supernatant was decanted gent]y and d1scardedh
The tubes were returned to the gamma spectrometer and counted

three times to.obtain;“Residual-CPM“a '



o Ihsu1fn“ ‘
Tube Content -

No.. - (wv)

PR
2 Trace_
3 04
-4 1.0
5 2.0
6 3.0
7 s00
8 10.0
h9 20,00
10 Unknown

Unknown - -

. Insulin

Standard:
S G
- \ 2
- 5
- 10
g§ - | 15
- 3 -
- 50 -
- - 100
25 -

Binding
"~ Reagent

(W)

100
100
100
100
100
100

100 .

100

100
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Pﬁoébhéfe“"
Buffer

(1)

200

100

100

100

100

100

00 .

0

RS

TABLE 1: VOIumés Qf'reagents combined during-fifst step‘bf‘¢‘ '

insulin radioimmunoassay. =
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S

At the completion'of these three steps;;TotaT‘and‘Residua1'CPM'"

values were known for'each“tUbe'v The‘Residuai”CPM forktube'l représents:>

the background rad1oact1v1ty of the assay and the average result of ‘the

four samp]es was subtracted from both the Tota1 and Res1dua1 CPM va]ues o

‘of each of the other tubes to obta1n "Corrected“ CPM va]ues For each
tube, the percentage of 1abe11ed 1nsu11n f1xed to the b1nd1ng reagent
':was calcu]ated by d1v1d1ng the Corrected Residual CPM by the Corrected |
Total CPM and mult1p1y1ng by 100. That 1st.ff" R ' |

L e Corrected Res1dua1 CPM L e
: Pe"cef‘t..BQ“f‘d *" “Corrected Total CPH =00

LR -

f';; fo-constructrthe5standard'curVe the percent bound wascp1otted against

-the known standard 1nsu11n va]ues [uU/tube] for the tr1p11cate samples
~.of tubes 2 to 9 on sem1logar1thm1c graph paper w1th uU/tube as the Iog' '

funct1on

From the percent bound va1ues ca]culated for the unknown
.samples, tube 10, thegamount of insulin [uU/tube] in each could be read

}trOm the standard curve. -Having added 25u1, which is 1/40 ml, of -

zi'unknown'sample-todeach tube, mqjtﬁplying the uU/tubeevalue bya40'

"‘calculated the 1nsu11n concentrat1on [uU/mi1]. The final concentration
‘value for each unknown was an aVerage of the dup]1cate assay performed

for each

"4 Interpretat1on of Results _‘

| The exper1menta] procedures out11ned g1ve four basic resu]ts for’
“'each per1fus1on experiment e
a) the number of 1s]ets of Langerhans

b) the flow rate of the per1fus1on system
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_c) the background insulin concentration in the perifusion
| solutions | | | o |
'd) the insulin concentration in the efffuent perifusion ftuid
_ samp]es co]]ected at spec1f1c t1me 1nterva1s '
From these va]ues, a common bas1s for. ana1y51s of the exper1-
"ments can be reached by calcu]at1ng the "Insu11n Secret1on per Islet

per M1nute"»at each samp11ng.t1me us1ng_the formula:

'Insulin secrection (uU/islet/min) =

[Total insulin conc. -:Background insulin conc. (uU/ml)] x Flowdrate‘(m]/min)
’ ' Number of Islets

A qua11tat1ve 1mpress1on ‘of the 1nsu11n secret1on response can -
be gavned by graph1ca11y d1sp1ay1ng the per1fus1on response with the
~ insulin secretion values plotted on the ord1nate versus sample t1me on
the absc1ssajv .This can be done both for 1nd1v1dua] experiments and for
the mean secret1on values of each exper1nent§\ group
Stat1st1cal ana]ys1s of the results can be approached 1n two.~
ways: ' | - |
R a) The mean and-standard errorvvaTues for insulin secretion at
"~each samp11ng perlod for each exper1menta1 group can be
“determ1ned and stat1st1ca1 compar1son between groups for
- each sampl1ng per1od can be performed us1ng the unpa1red
_‘Student-s tstest. Th1s method determines d1fferences in
'maﬁnitude;offthe 1nsu11n secretory response on ‘a temporal R
bas1s. o o, A . o

.b).By calcu]at1ng the area beneath the curve of the insulin

E::? o ;secretorx response graphvfollowang glucose stimulation,
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"Total Insulin Secretion per Islet".can be calculated for
each experiment. This determination involves summation of
calculations of insulin secretion.betneen'suCcessive sampling -

¢

times uSing the formula:

Total insulin secretion (uUlislet)

Insulin secretion timen+timenA] (uU/islet/min) [timen+1- time" (min)]
PR me injJi

The samp]e time was considered to be that at which the

) co]lection'was completed. For each experimental group,
mean and standard error va]ues of total insulin secretion cans
" g be determined "and groups compared by the unpaired Student S .‘
' t-test, achieving a comparison based sole]y on the magnitude
of the responsel | o
Footnote

.

Sczmplmg Sequence Dumng Pemfusa,on .
In order to demonstrate the bipha51c nature of the 1nsu11n
ecretory response during periquion samples must be co]lected at frequent

jintervals, resulting in such a iarge number of samples that each experi-
'ment is very cost]y due to the expense of 1nsu11n radioimmunoassay
Furthermore, a degree of. variability in the first phase of secretion often
'resuits in it being obscured when the mean secretion values of several
experiments are calcu]ated Therefore, as the in vttIO studies of 1slet
.iinsulin secretion follow1ng 1schemia were primarily 1nterested in the

presence and degree of the secretory response rather than its dynamics,

A8

the number of samples taken was limited to that which would adequately

display the overa]i secretory response but not its b1phaS1C nature



C. Resu]ts'

The orlg1na1 expeyimental des1gn was to demonstrate the insulin

response occurred. Such a t1me ould be assumed to correlate w1th the

end-point of yid BB f the jslets for transplantation. The 1n1t1a1

fZWere being isolate }nd that beyond 1 hour no apprec1ab1e numbers of

-~ islets cou1d be harvested It therefore became 1mportant to quantlfy

'_how nany 1s]ets could be 1solated from control and 1schem1c animals

In the per1fusion exper1ments a: range for number of 1slets pen1fused
of 30 to 200 had been chosen SO as to have enough 1slets to produce

detectab]e amounts of 1nsu11n but not so- many as to exceed the upper
«11m1t of the 1nsu11n assay If by v1sua1 1nspect1on there- had appeared o

A

| to be a‘ﬂarge number of 1slets in the Dextran gradlent, not a]] were

; _transferred to the perifus1on apparatus and the flnal count did not

- .
represent the tota] number of 1s1ets 1solated from each an1ma1 There-

' fore a second'ser1es of exper1ments was carr1ed out in wh1ch 1slets
;were harvested from groups of 10 an1mals exposed to 0 1/2. 1, and 2 f

hours of warm 1schem1a and 1mmed1ate1y counted The number of lslets

"1solated after 0 1/2 and 1 hour are shown 1n Table 2 and F1gure 7.

The d1fferences in yteld at each succe551ve1y prolonged perlod

of ischem1a showed a stat1st1cally signifwcant decrement in. the number

EV B "
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Ischemic Interval Numbér‘ofjlslets
0 (Control) . 283129
1/2 hour : - A I YE D2
]‘h0uf - o e2a1

CTABLE 2: Number of islets isolated from control and isthemic =

. ) . v . .. . .
animals. N
s T N
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o b?'
of ié]ets.that cou1d be-retouered ' Fo]]owingAZ hour$<of'fschemia.
there was no visual ev1dencguof 1slet t1ssue at the appropr1ate
interfaces in the Dextran denS1ty grad1ent ~When these layers were

ttransferred to the f11ter paper and sta1ned the few obJects whlah duej
.to the1r structura] appearances may have been 1solated.1s1ets of€2n

' sta1ned poorly, mak1ng their p051t1ve 1dent1f1cat10n d1ff1cult In
most 1nstances there were less than 10 structures wh1ch could be

:bﬁtentat1ve1y 1denttf1ed as. 1sTets Mod1f1cat1ons of severa] aspects of

- the. 1solat1on procedure - co]lagenase concentrat1on, d1oest1on time,

: concentratlon of Dextran so]ut1ons in the dens1ty grad1ent - did: Mt
A1mprove the harvest yleld from’add1t1ona1 animals subJected to 2 hours .
~0f warm 1schem1a Therefore per1fusron studies were 11m1ted to ‘ |

0, 1/2, and 1 hour of 1scﬁ/n1a Co A, |

_ . The in ottro 1nsu11n secretory responses of lsleééafrom the
experlmental groups dur1ng pertfus1on are tabulated 1n Tab]e 3 and
'dlsplayed graph1ca1]y 1n F1gure 8. The control group began to 1ncred§e
the1r rate of 1nsulxn Secret1on wwthrp 7 m1nutes of be1ng cha]lenged w1th
" the h1gh g]ucose concentrat1on and deze]oped a rapid rise ‘in rate unt11

-i'at the tlme of term1nat1ng per1fus1on a plateau of secret1on at
j'2 29 uU/]s]et/m1n was be1ng approached wh1ch was greater.than 4 t1mes'

| the basel1ne 1eve1 of 0. 53 7 Insu11n release from 1sﬂ$em1c islets

i?; cont1nued to dec]1ne towards the basel1ne fol]owtng glucose st1mu1at1on‘

3 "VfOr 12 m1nutes in the 1/2 hour’ group and 20 mfﬁﬁ%es in the 1 hour gtOUPrr '

% uggest1ng that perhaps a longér stab111zat¥bn per1od of approx1mate1y _'

1 hour would have been useful in’ estab]tsh1ng a,more de?1n1te base]ine L

1 O
sqcretory rate ~ The’ 1/2 hour group then began a def1n1te 1nsu11n }

U .
. "‘"“ . 3 . PR .,ﬁ.

S e \



‘Sample No.

s

N

j __"'TABLE 3:

i

&

Values are Meantl Standard Error

, Umts are uU 1nsuhn/1s]et/m1n .

Control 1/2 hr Ischemia
,i.sszo.él 1.07:0.35
0. 80+0 12 1.05:0.27 )
‘-" 0.56:0.08 . 0.83:0.25
fﬁMO?*OﬁwJ@?
0.62:Q10  0.46:0.12
7 .62£0.09  -0.40:0.10
" 0.6660.10  0.30:0.05
0.71£0.12 933710,97
03h0Jsﬂ;fd4mohf
$1.08:0.17 © 0.44:0.03
1.020.16  0.45:0.03
1.32:0.23 . 0762:0.08
1.68:0.28 _0.68:0.08
1.83:0.27 . 0.90:0.10
2.01:0,26  1.07:0.11
22&026 .w13LOJ5 '
2.29:0.27 1qau)m‘~
, ¢ '

1 hr Ischemi a

1.33:0.19

1.51£0.23
0.94:0.11

©0.71£0.10

0.56:0.07
0.47:0.05

0.50:0.08

0.44:0.06 -

0.37:0.04

©0.50:0.07
0.40£0.05 .-

0.41£0.09

0.43£0.06
0.45:0.09
© 0.67:0.09

0. 65d:0 10

0. 7110 10

S

I{tgm,tro 1nsu11n secretlon rates of control and

'I?'hemc is ts dlrmg penfusw‘n :

V .
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FIGURE 8. Inm vitro insulin secretion rates of control and ischemic
is]et@um‘ng perifusion. C

: T .
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3 '[pﬂo 0013’ when compared to the contro] group.
~--D DJscussion B , | _ ' S =
o st . ¢
.'_qnu; . The‘F‘SuTts of this Study indicate that there can be little

61
.
secretory response but the slope of the response curve was less :steep

than for the contrbl group, reaching;a maximum rate of 1.32 wU/islet/min

at 120-125 minutes of perifusion,: and dec11n1ng to- 1 ZT at the end of

perifusion.’ The 1 hour ischemia group showed a very. delayed and sTow
rise in detected insulin secretory rate, reach1ng a maximum rate at thet
term1nat1on~of perifusion of 0. 7 pU/1sTet/m1n which 1s Tess than tw1ce
the baseT1ne rate.. This data demonstrated a marked progress1ve
deterioration 1n “the 1nsu11n éggﬁztor capab111t1es of 1sTets from

N

animals exposed to 1/2 and 1 hour of varm ischemia as compared to those
harvested from 1iving animals. ~The rate of secret1on by the 1schem1c
groups was signifjcantly [p<0.05] less than for the control group at
aTT sampling times. beyond 55 minutes of perifusion - The secretory rate;’ )
of the 1 hour ischemia group is s1gn1f1cant]y decreased compared to the’
1/2 hour group at 80 m1nutes of per1fus1on and beyond.

The deter1oration of 1sTet funct1on was. conf1rmed by exam1n1ng

their total insulin secretion durlng the h1gh-gTucose st1mu1atk8n per1od

of pernfus1on [TabTe 4 Fig. 9]. The totaT secret1on showed a STngf1~

cant progress1ve reduct1on for each successive exper1menta1 group.

‘i‘ The 1mpa1rment of total secret1on after 1 hour was h1ghTy s1gn1f1cant

A
7 \

-

e opt'ﬁmtsm th 4 'P?}éts of Langerhans wh1ﬁwﬂ] have sat1sfactory post-
f»'"‘-‘”"ﬂ
' s(‘transplantat1on fdon can~h§ harvested from cadavers foTTow1ng

Ay

Q «\'
exposure to warm uche&
‘ﬂ H i ' -, o
s The rapid deétine in the numbers of 1sTets which can be isolated

-

0
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' 2
“Ischemic Interval o Toté] Secretion (uU insulin/islet)
0 (Control) . 167.76121.95._
1/2 hour : . 89.10:8.41 p<0.001
. o : . \o Y —
. - _ > p<0.02
.~ 71 hour - 7 58.8436.68~

TABLE 4: Total insulin ,s;eci'etiob of control and ischemic

_islets 'duri.ng,fper‘.i'f'usi,o"rt ' 

Values ate Meaml.::Standaf&rOr..- ' ‘
. ) ‘.t.- ',' ‘i' 4'.' .
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FIGURE 9. Total insulin secretion of control q\d schemic
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after ischemic ihtervals, leading to a total lack of success in :
obtaining them from animals subjedted‘to longer than one hour of ischemiay
greatly reduces the efficiency and fea51bility of transplanting islets |
from post- -mortem donors ObViously. even brief periods of 1schemia are
altering'the islets in some manner so that the harvest_procedures used
in these experiments are no longer productive. When the low percentage ’
yield of the present rigorous 1solation procedures in control animals
is considered, it is not surprising that any additional insult to the
donor tissue, such as the metabolic changes resulting from ischemia,
leads to complete inability of the isTets to withstand these procedures
It is conceivable that this phenomenon is -due to damage secondary. to
ischemia, perhaps even early autolysis, affecting the delicate reticular
netuork surrounding the islets SO that'they are less'able to maintain
“their integrity upon exposure to the harsh mechanical and/or enzymatic
'f'.methods for their isolation Perhaps newer harvest techniques_or pre-
‘treament‘of the donor animal with protective drUgs may:increase the |
:1schemic interval follow1ng which 1slets can be. 1solated in useful
l-numbers Nithout such advances, attempts to obtain transplantable

g

l 1slets Y?bm cadaver donors would appear to be 1mpract1cal

The in vztro function studies demonstrated that ischemia -
_rapidly results 1n diminished insulin secretory activity of 1solated
| islets. If the ability to secrete insulin does 1ndeed correlate |
'w1th islet viability as has been proposed in this report, the experimental
"-data indicates that a significant impairment of viability has occurred
AifOllow1ng l/2 hour of ischemia and the limited response at one hour is

‘lsgggestive that the end p01nt of viability has been nearly reached at

P
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‘that time.
Theimetabo]ic defects whereby decreaSed,isTet secrefory function
evolved were not studied in this project but possible mechanisms can
be considered. Decreased iosolio contenf of tho is]ets=dUriog ischemia
due to‘its'passivé-loss'from the beta cells plu;'arrest ofrsynthesis‘
‘during that intérvaJ'would make avai]éb]e appreciably less iﬁsu]ih'for
active secretion. However, oé'oormafly in the later stages of insulin
. secretion néw]ylsynthesized.hOrmone is being released, intoct ce]]‘“ ‘
metabolism in ischemfc islets should have prodooed at‘least a late
inoﬁégse.jn secretory rafe.’ Alternative]y, impoirment of the pathways
- of ihsulin seoreiion at any poiht.- g]ucose metabo]iém. ATP generation,
-voa]ciuM‘trangport..micrOtubole contraction - would arrest secretion.
HoWever, interrUption'of one cell process.which is particuiarly
susceptwble\to 1schem1a may not represent'cell death. Therefore, tﬁe
;n vitro per1fusion mode] may be too séo;ﬁt1ve a test‘of islet- function
to equate w1th v1ab111ty as it may be detecting the acute 1nterrupt1on
of some cellular functions fol]ow1ng 1schem1a and harvest procedures
~ The- 1mpa1rment demonjé;ated m1ght be revers1b1e under favorable conditions
- such’ as culture 1n nutrient med1a or the post- transp]antat1on environ- '5#
ment.. | |
The viability of ischemic islets might bej"dembnstra;ed to be
more pro1onged by'examinatioh of more fundamenta] ce]f metabo]iSm - »<$
: However, on the basis of Enfse studies of 1nsu11n secretory ability,
very poor success’ in reversing d1abetes me111tus could be expected

fo1]ow1ng transp]antat1on of isTets from donors subJect to any period of '

.wamn;$1\a,,espec1any in excess of one hour.. Support for the
o C o #; oo
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validity of‘the functional criteria of islet viability.established by‘ |
this research is suggested by their 51milar1ty to the parameters of |
: 1schemic tolerance of- other transplantable organs..

, Kidney v1ab1]nty fo]lowing ischemia has received considerab]e‘
attention due to its.practical applications in clinical renal trans-
plantation. Empioying canine'models of occluding the renal vascular
pedicle with (18) or without (39, 43) subsequent autotransbiantation

- of the kidney, p]us contralateral nephrectomy. the maximum period of
1schem1a toierated has been“shown to be 75 minutes (18), "approx1mate1y}

1\ one hour" (43), and "between one’ and two. hours" (39) Adhering to a

60- minute time restriction for warm ischemic exposure. a satisfactory
success rate can be achieved in human rénal transpianta_’
cadaver &nors (10, 36). |

The warm ischemic to]erance'of the liver is not precisely defined

" due to the recoqnition that dqfferent aSpects of heptic metabolism are 
afféited at varying timgs and a. geterminant factgi of ce]l death has
not. yet been se]ected A 51gn§f1canttreduction in hepatic adenine ‘
nucleotide levels, partfcularly ATP and ADP Elus a marked retease of
lysosoma] enZymes, LDH SGOT SGPT and alkaline phosphatase w1th1n '
30 minutes of 1schem1a have been demonstrated (27 30) The degree of
- change 1n these parameters correlates w1th progn051s for surv1va1 um7
Van Nyk et al (84) studied in vttro hepatic function [Oz—uptake, |
bromsulpha1e1n clearance, ammonium ciearance ATP‘generation] in pigs

fo]]owing in eztu lschemia and observed only a mgdest reduction in’
function at 30 minutes but severe impairment at 60 minutes and beyond

from which*ﬂhey conciuded that satisfactory hepatic function cannot be'

A
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expected if organ harvest1ng‘ﬁs delayed beyond 1/2 hour after
0bserv1ng survival of dogs after. hepat1c circu]atory occlusion in vzvo,
several 1nvestigators have proposed the durat1on of 1schem1a compatibTE'
with v1ab1hty &0 be. 75 (24), 50 (42),. and 40 mmutes (27) _ Fol]owmg '

‘*aux111ary hepat1c transp]antat1on Toledo-Pereyra et al (82) found the

3,
D

survival of 11vers exposed to 30 m1nutes of warm 1schem1a to be- less ’

than srx days. |

Islets of Langerhans do not appear more res1stant to 1schenna
Athan other organs such as kzdney and 11ver In add1t10g to the metab011c A
dysfunction resu1t1ng from 1schem1a, alteratlons 1n phys1ca1 1ntegr1ty

occur which 1nterfere with -their 1so1at10n by current technq1ues



CHAPTER 1v '5f*f??“ia'¢‘;““
T IN vITRO FUNCTION oF lsLETS oF LANGERHANS SUBJEGTED T0 :

NARM TSCHEMIA FOLLOWING DONOR PRETREATMENT HITH
METHYLPREDNISOLONE o

. 'A..\.' .

g-fA Introduction *

- Due to the wel] recognized adverse effects of warm 1schem1a on
v

'"the function and surv1va1 of organs‘iif transp]antation, proven means

’ ﬁfof reduc1ng 1schemic 1nJury, “such as hypothermia and in vztro perfUSion;.
.f;have become integral parts of orqan preservation programs i In the ~'i
't¢eontinuing search for additional methods, a popular fieid of investi~p”g
1i‘gation!has been pharmacoiogic pretreatment of the donor prior to death
:%pto attempt to*reduce autolysis [corticosteroids], maintain vascuiar i}f:‘.%l“
Tfintegrity [heparin,_vasodilators] and preserve ce]]uiar energy stores. ?;* K

-"{[allopurino\] Therefore, a Yogical extension of the foreg01ng

L functiona1 studies of isiet of Langerhans tolerance to ischemia was to

7fﬁfrfdetermine 1f donor pretreatment was of any benefit in protecting them

:[ﬂi,from 1schemia Investigation in this proaect was limnted to cortico-.‘i .

"‘,ﬁ,sterOids because vascuiar integrity is not important in 1s]ets as they

"’Qare-not implanted by vascuiar anastomosis &nd an intravenous preparation

"»”‘of aiiopurinoi was not ayaiiable at- the time this research was under-v". L

n'f*taken.l, 1,'

A !uy the~re]ease of: ]ysosoma} hyaraiases (23. 28, 39, 79).. Corticosteroidsifh

One of the major pathophysiologic processes in ceilularA:“”;;“&

::ﬁaﬂsdisruptiOn during 1schemia is the 1nitiation of*intrace#]ula autophagy




‘have been shown to de1ay the release of enzymes from lysoso}mes, probabl y

by a stab1hz1ng effect on their Hmmting membranes, foHowing many
l_"'fmsu]ts (86) 1nc1ud1ng ischemia (28. 79). thereb“y theoretica:\y retardmg‘»’»'
'.‘autodxgestfon. Applicatmn of th]s theory to the abﬂity of organs to -
.,w1thstand 1schem1a has shown positwe results in the survivaﬂ of anima]s |
foﬂowmg ep1sodes of hepat1c (29) and renal (17 60) 1schemia wm‘ch |
| ‘, are. letheﬁ to contro1 amma1s. | oE Lo
| The potent and popular cort1costeroid, methylpredniso]one, was.
) chosen for us_e_ 1n these experments. ‘The: pretreatment regmen was
'derwed frohn the work of Mﬂ]er and A‘Iexander (60) who, by varymg
:dosage and pretre&ment mterval for kidneys prior io 1schemia, obtamed X
..optunum resul ts: wi th 30 mg/kg methylpredniso]one q@jpistered 1ntra~

venously for a perwd of two hours (R e "

-_B Matena]s ‘nd Methods ey

'1so]one pretreatment study ﬁistessed the 1nsuhn

s The met.hy'lp
secretory capablhty of 1slets harvested from male_ lﬁstar rats Q‘Ve" ‘
| 7"=~vvmethy1pre/dmsolone 30 mo/ k9 mtravenously t"" h°“# *‘" o beginning

o fo harvest :slets in the contro'l group qt sacriﬁoing the ammals 1n

”‘ the study groups for a period of wam&éﬁue E':qermentﬂ groups

of ten anima1§ were subjected 'to 9. [contro'l 5 'Wand 1 hour of warm o

1schem1a fo]lowing the pretreitn?en't ‘_}hterVal AH experiments were
}": ,parallel peri fusions of 'mets 1sﬂated from one ‘an'ima’l from two of ’; )

-,

Cthediterent grows. . oy ey
Al'l techniques of 1s1vet iso]ation, perifusion, and insu’lin
""' ad1o1munoassay were the same as for the wam ischemia without L

"’Vj.pretreatment study.., The additional methods required to admimster o
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the methyIprednf’solone pmtreatment were‘

i 4

1. Inferlor Vena Cava Cannulatwn | A o .

- withm one week pr1or to dr.ug adm'!hlstratwn, an indwe]hngvv ’ S

»cannula was p]arced 1n the 1nfer1or vena cava This route for gwmg -4

PR S

- the methy]predmiso]one Was chosen because it prov1ded re]rable access

' '. ‘to the venous system w1 th none of the time de]ays ?aulty'in'jechons
t

' due to techmcal prolﬂems whu:h can ar1se w1th acutd methods such as taﬂ

_vein puncture or femora] ve1n cannu]atwn The pred:ctable succes‘s of

°

fmtravenous 1naectlons was: 1mportant as careful t1m1ng of 1nJect1on

g e
vrelatwe to the begmmng of 1s'let harvestmg was’ r;aqmred part1cular1y

ot

‘. " as. these were paralle‘l studies of ammals from two experunenta] groups

N B
,A typ1ca] sequence of m,)ect?on and harvestmg m a pa'nred‘ expemment _ ‘
R T . -v._,. o ok i
wou]d be_. SN L i- e T N D
v' .. ".v o - E - e . . ‘:,i‘ o f‘" R e . _" - L34
B Rat ‘A: 1 houtischemia. - ‘. RatB: @mtwel + - . .
A T + methy]wedrﬁsolone ST methylpredmso]me .
’ 30 am 'Methylpred ne mjected, '3',;,‘-' S e T -
. 800 E S ‘. w-,' o S v',",'.' ::
’ 8-30_:? : P E I Methylpredmsolone s
ORI L e s e -injet ted
- 9:000 B o -
0 9:30  sacrificed . . ... W .
‘ . ]0:00 . ' ' K ] ':. h- . ) o fz;x . ‘ K . ' |
S10:30 L T ‘Islet harvesting )
Al‘l cannulatwns were. performed under ether anesthes1a. : T‘he'. _
qentra'l abdomen 'and a 2 cm square area .on the dosum of the neck were v "

shaved and was’hed with an iodme solution. A 5-6 cm nndHne lower ‘
abdominal 1ncision was perfotmed and the inferior vena cava exposed L

just above the Juncture of thg comon ﬂiac arteries - The over,lying_ -
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B o » ad "
per1 toneum and soft t1ssues were bluntly pushed aside with a Sponge to

».

expose. approx1mate§y 2 cm of the vena cava and the r1ght psoas muscle

"‘

A 4 0 s1l£sﬂure was then placed tp the rtght psoas muscle aust caudal
s» V,-,w the,pl [ % 3 efla cava ‘#nnulation site and ‘tied, both ends of the "

..Q . Sutﬁre “”- eft long for subsequent tying around the cannula to |

« secure’ it in pl ace A PE 50 polyethylene cannula,;haﬁ been prekusly
pr{p%by f1ll1ng an’ approx1ma‘t.ely 25 &m length mth normal salme.

seahng one end by compressmgm:mth heated forceps, and cutttng th)e

oppostte endgnd aﬂ aDPY‘OX‘mateU 45° .

L 6

" The: g’ahnula w?s introduced

¢ ' 1nto thei,vena cava byz puncturmg the _ant’értg wf.r wthuthe sharpened L
end and it was advanced 2 to\B cm cephalad m@{w\t’?ﬁ‘y}u&n ‘The " ‘j _

f

prev1ously placed dsuture was then&ed t1ghtly»ahout the cannula and

, a second anchormg suture was placed. 1n samilar ﬁshmnlapproximately '_7 :

l cm distally lfhe caudally dareeted’ f?ree end of tIﬂ'Qannula was then

. Pormed 1nto a w1de loop through 'l?donnnal cavxtyh the %oop bemg

a4 -

s »
secured tQ the left anterwr ab 4 wall thh a'slngle sut‘ure of '

. ‘a [ ). .;; 23 3
‘64 0,s1lk and brough,t subcutan g t the cephalad end of the 1nc1smn

)

w;w. The lmea alba was closed with a cdntmuous suture@ 3 0. chromc . A"

i M .-

. A
fblunt probe was theh passed to the rrght subcutaneously from the .supemor

13

end of the inc1sion to the prepared area on the dors'um of the neck and .
fits leadmg end delﬂ/ered th,rough skm stab wodnd Tl\e free.:end of

the cannula was then secured m a longitudmal sl‘1t at the tra111ng end

: l,'i_of the probe, alloﬂng it %o be placed 1n the subcutaneous tunnel as thev. :

' '.':'»probe v?as withdrawn through the stab wound The cannula was. secured to- a

-»tf" : ‘

"the stab wOUnd with a sutu‘re*ﬁ a 're of 2..0 51--

- -’"’was exci sed af’ter resealing the B u'men with a heated

.‘ L. ,’y @)‘ 1 _'.. . R ".A .

any ex:cess'--l en_gth ’\

[
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‘Q. l\ . . e
B . N w& . . "‘V' .
2 cm segmlht exp’osed _fhe ventral skm in!h‘sion was closed w1th a
zﬁcontmous hor1zontapmattress suture of 4-0 sﬂk o .

‘This procedure had a mortal'it_y rate of less than 10% w1th deaths
due to anesthehc ervors or uncontro'Hable bieedmg upon 1nsert1on of

. .the 1nfer1or véna cava cannula. UsuaHy there was essent1a11y f{o
b]ood loss andithe amnhls recovered uneventfuﬂy Postoperatwely they
were housed inein v1dua1 cages jqfifevent them d1s]odg1ng each others o

: 'k
cannu]ae - “‘ | ‘3; )

‘. .

- '€

"Z(é Admimstratio&of Methyl pred g o
y The des1red aosage of rﬁethylpregnis‘olone '[So]u-Medr* UpJO?’l
»,was 30 ﬁ?‘kg Therefére, 20 u of"*methylprednisolone w'as dissolved in

w AW . *ﬁ <« o

y k@ﬂ f‘s%rile*d;stﬂ]ed wazer so that-kach of ﬂwe ammals’, whose mean ‘

R T e . 4 . w“ @ )
E We1gh'ts were apprggnmately 2§0 9 rece1ved an m.l"ctwn volame m ‘the ARRRE
‘wﬁﬁe»ofoll"ll @ N ,.:';,; C '-°'~*‘ BRI

L g
To admimster the drug, the awake ammals werez-nmpbﬂizedw

secure]y by hand the heat sealed -end, oﬁtheﬂqlla was.cut off, and -

f «needle wa.s inserted in 1% umen. le- norma] saHne , -

v

_ . 1n;jeoted to check for free flow v1a the cannu’la, the
appropriate vo]ume ofr the methy]prednisolone solutw‘was injeited v;and |
, finaﬂy the cannu,la w,as agam flushed mth 0. 5 ml saHne SO that a11 ," ‘
to “sthe drug Was . carried into the venous sys‘té?n.. The needle was removed and
4‘ the cannula resealed with heated forceps. The anima'l was then returned
. to its cage for its pretreatment 1nterva'l of two hours before being 4
sacnficed for a permd of 1sohemia or anesthetized for harvesting of

‘ control‘ 1sléts.”_,4._",'.'--:» FREI ’;';'_g{-t

F O
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C. Resu]ts Ty e RS

As this study was undertaken fo]]omng complet'lon of the

"per1fuxmn expemments one non-upre 'islets, 1t was wxmpgted that

) the problem of bemg able ‘to harve t f._, er 1slets from *ischemic amma]s

‘ would a]so be encountered Therefore the t8ta1 number of }slets that .
“could be’ 1so1ated was obtamed from the same ser1es of- amma]s m '

‘lzwh1ch perifuswn stud1es were performed with the except1on of one pair
of exmnments m wh1ch th1s step was 1nadvertent1y om'ltted This sugly
requlred either comp]ete trans,,ferrmg of the islets “from the Dextram - “ d

T

_,.}grachegt to the per1fus1on apparatus»« SO ihat alkwou]d be counted at i’é

“the’ te&-mmatwn of* per1fus13n or, gf m&ual 1nspection more, .than ‘Vﬁgg
: 200 1slets were estmated to' be’ pregent in thé. gradient, an app:’ﬁate ‘

: ,' f‘nquer were t’aken for perifusrb,n and the rema‘irrder twansferrtd to a
3’

i separat’e fﬂyr, stmned and counted so: that a tota'l count' cou'ld g;

@ @tajned ]’he number of islets harvested from edch methy]predmsolone 3.}; s

pre'treated group plus comparlson to thosmso]g'ted from the correspondmg

non pretreated groups are shown fn Table' 5 and F1gure 'I(l N

V',.,,_/' : TheSe resu1ts 1nd1cate that a sum]ar trend was present mth

;-_ pmgress’ive inobﬂ'nty to isolate 1s1ets from amma],s exposed to urcreas— :

ﬁneg WOnged/p}"iods of warm 1schem1a regard1ess -of -whether or not N
"\-Qr - ; B A
o thy'l predniso]one pretreatment had begn admin tered. -The ammals ‘

A’o
-~

‘sﬂbJected to. 0 [Contro1] dnd 1/2 hour ‘of ;schenia yie]ded very\simﬂar -
"nunbers of lslets in both séries of exper1ments.. Fol]owmg,! hour of

o 1schmia, s‘ngnﬁfié,antiy more 1elets were recovered from the methy] pred-%

B n1soione pretreatment group. indicating that there may be some benefi’ﬁ

L of steroids in improving the y1e'ld of islets after that period‘of

A X .7‘v
’
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. _’ ' . . * ’ . . N .
I*m ¢ Interval | MP Netr'eated , Non-pre}treated .

0 (Control) | 6913 — NS — - 28329 e
- /3’»001 L - - 4
1/2 hour. " p<0.001_. /154122—-— NS — - 147:17 -
. \ |

- g S .
Mhour . 11128 — p<0.001— 62¢7

e W . . "
“L: ,"«’ - o *os

TABLE 5 Number o&:i\&%bhted from methy]predniso}one (MP)
b S

‘ " : * pretreated and non-pretreatéd ammals, o
: L k't'l‘. ‘ \9‘ . ' . ] .. L . \ : ‘&‘ ‘& - '-.. | ,“ - .ﬁr‘ t‘.u

v

Yalues are Meantl Standard Error.. ~ -~  .*%J
. NS - not significantty.different. * - - ¢ onE
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FIGURE 10.

o g_‘-" @« ,'l
Number' o.f 1‘s]ﬁts 1so1ated from methylpredniso]’dne

‘ ‘(MP) pre te!:l and non-pretreat@d anhals
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‘}'secretony rates hetween the 1/2 and l hour groups.; The-control group

'),) . _ ' L. i *. S . . ‘..“. 78

-ﬁ“.i_ ""«?

5<1schemia However, several attempts were a]so made tq,iso]ate‘*glets :_

.
K4
' *

from animais suprcted to 2 hours of ischemia fo]iowing methy]prednisoione
RS

pretreatment and, as in the nonbpretreatment study, no apprec1ab1e
number of poswtiveiy identifiable’ isTets cou1d be recoveggd at that
tine, e W

| 'The in vitro insuiin secretdry function ot-isiets from thev
groups of animals pretreated with methyiprednisoione 1s shown in Table 6
and Figure 11. Ali g;gﬂbs continued to: demonstrate diminishing insulin "“,ﬁ_
secretion for 7 minutzg?}oiiowing stimulation w1th the high g]ucose |
.tconcentration Thereafter, the contr01 group devaioped a moderate i;;"

vinsu]in secretary response, reachl‘g a maxsmum secretory rate of .. .

s,izg 125 minutes of perifusion and dec]tnw%g..Agw | ‘x.
of perifusion. which is approximateiy o x

» 1!27 pU/lS]ét/minla
| sightly to 1.22°

31/2 ‘times the base n&,rate of §ecretion The 1/2 and l hour grOups ,

[

. »‘.‘-[ PO
Tffsgowed very 51m11ar secretory responses with a. very gradual incrgase

1n secretory rate to 11tt1e more than twice the baseline rates. At
’ no sampling period uaﬁ there a statistically significant difference 1n '

’h secretory rate was significantlyﬁﬁﬁaﬂ 05] greater than the 1/2 hour o\“ 'A _

' ;group at 80 nﬁnutgg and beyond andﬁggeater than the i hour group from f:fi‘"'
-~¢gi to the termination of perifusion.. ,;-”'g 7;[,Qu ,?ff,~..~if L

Ny

'IThe secretory responses of methylprednisolone pretreated and

'7non-pretreated isiets are compared in Figure 12 The eontrol and. l/2 »af
*}fhour ischemic groups from the_methylprednisoionefpretreatment study had

fﬁ“impaired insulin secretion. he,impairment was

}f:significant,[p<0 05] from 80; 5:;

,onwards, for the '”":“f :
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Sample No. “Control+Mp 172 hr'IsqhemianP 1 hr Ischemia+MP

-
'~

2.06£0.46. -~ @ 192+0.26 ©1.28:0.18
0.

0.68:0.10 84£0.07 - 0.92£0.09

0.4580.p7 0.620.00 10 67: 0809
048003 048005 . 0. 44&6&
0. 41;0 08 0.3_8:0._07 o 0.37+0.05 |
ose00s  03w00T  0.32005
<. 40:0}6'  -0.380.07 . - 0.35:0.05
0.m0.08 - 0.330.09 ©0.36£0.05
| 0.56:0.09 . 0.34£0.09 (; L °o.3'_7;o,.os_‘
. o 64£0.07. R 39:0‘10& ’ "]_0.39to.0‘5_ N
12 o muw[_ -0 A43t0.11 - - e 0.38:0.06
__;' B I ,'0.8&0.1;‘ 0.5&0,15, S 0.380.05 -
© % 0.98000 . 0.580 -15"‘] 0.46£0.05 ——,
= :1,'5" .1"14:071”‘1 ) 5 :;;,,0 emos 0.510:07 -
6 0, L 16092 = €076 0. 13 '  o 0:59:(09 | g

/wn o darom oo, 77&0 % - 0.6%0.10 +

S som \1 o m-t:- LW

8. ;"1‘.2&061}; 0.821015 . ‘0.70.10.]1

L o "._‘ . '.."‘A

o a'vaABLE 6 In mtro 1nsu'|1n secretion rates Of mEth.Y‘P"ed"1$°‘°"e ("P)

'pretreated islets_

‘_Values are Meanﬂ Standard Error.
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FIGURE 13. Total insulin secretion of methylprednisolone (MP)
pretreated and hon-pfetreated islets during

perifusion.
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w12 hour group a significant reduction in response was present'at
120 minutes and beyond. The 1 hour ischemia groups from both studies
displayed a]most identical secretory responses. Insulin release from
the 1/2 hour i rhemia, methylprednisolone pretreatment group was also‘
very similar to that of the 1 hour groups.,

The total insulin secretion foi]owing‘giucose stimulation for
the three experimental groups from the pretreated and non-pretreated
studies is given in Table 7 and Figure 13. As in the non-pretreated

. study, total insulin secretion by islets irom agimals re‘eiving’methyl-
'prednisoione pretreatment showed a progressive.decline at successire
ischemic interva]s, even though the difference between i/Z and 1 hour
is not significant The reduction, compared to the non-pretreated
groups, was Significant for tgg control group and showed a definite

but non- Significant trend in the 1/2 hour ischemia group.. Tota]

secretion by the two 1 hour groups was very Simi]ar

D. Discussion . .
The results oi this. study, within the 1imits.to be proposed,
suggest that little benefit was derived from.methylprednisolone-pre-
_treatment of islet donors prior‘to-warm ischemia.
The decreasing numbers of islets isoiated following each
ischemic interval was quite comparable to the resu]ts of the non-' N
pretreatment study A benefic1a1_effect'of methy]prednisolone.in.
1increa51ng the number of islets harvested'was recognized at one hour
of ischemia but did not lead to any-pro]ongation of the‘ischemic interval
foilowing whith islets could be isolated. Furthermore, ‘the. Significant

increase in number of islets harvested at one hour still resu]ted in

’\



' | 88

significantly fewer than from the monischemic groups, indiCating that
delayed'harvesting would continue'tojbe an ineff%cientvsource of islets
for transp1antat10n.‘ | ) ,ly¥
The impaired in vitro insulin secretion'of the control and 1/2
hour ischemia'groups of fs]ets from‘methy1predniso1one pretreated in
compar1son to the non-pretreated study, wit very s1m11ar Pattern% of
secretion by the one hour groups from both stud1es,can posslbly be

exp1a1ned as fo]]ows -/

. The twe progects were undertaken consecut1ve1y with the methy]-
v'predn1solone pretreatment study begun fo]]ow1ng completion of per1fus1on
experiments on nonepretreated islets. Therefore dlfferentr]ots of

. reagents, part1cular]y Dextran and co]]agenase were-employed as

former stgcks were used up. Altered chem1ca1 constltution of the
'different lots may haye.had an effect on the phy5101og1cvfunet1on of
is]ets‘iso1ated during their use [73, Appendix 11]. Perhaps the |
'marked»simfﬁarity of responses of the one hour groups in each s tudy

'_; prov1de some reassurance that such results mwght not have been achieved
had a toxic reagent been used in one series of experiments.

An alternative exp]anat1on m1ght_be that methylprednisolone
'_pretreatment changed the response of the beta cells to glucose stimu-
lation. “As stero1ds are not cons1dered to be toxic to ce]ls, it can
"probably be assumed that such an effect would have bean due to physxo]ogic
; alteration of the insulin secretory mechanism. \ ’
Glucocorticoids. of which methy]predn1solone is a relatively

potent representat1ve, promote gluconeogenes1s and hepat1c glycogenesis

and impair peripheral utilization of glucose (37, 61). Species
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variation in the predominance of each of these effects leads'to.either
normoglycemia [dogs, most humans] or varying degress of hypefglycemia
[sheep, rabbits, rats] during the chronic adminiscratioh of phermacelogic
doses of'sterqidS'(4, 11, 31, 56, 85). 1In all species, studied, an
increase in serum insulin 1eve1s'accompanies g]ucocorticoid adminis-
_tration. The hyper1nsu]1n1sm is attributed to peripheral res1stance to
glucose uti]1zat1on plus a possible increased sensitivity of the beta
'cells to g]ucose in normog]ycem1c‘sub3ects, and to the additional st1mu1us
of‘elevated blood glucose Ievels in hyperglycemic animals. No studies
documenting tde rapidity of change in serum g]dcose'and insulin concen-
trations wfth the acute administration of-stecoids were found. |
An attractive hypothesiS'would be that intravenous administration
~ of massive doses df g]ucocorticeid-as.in these'pretreatment experiments
would'rapidly induce gluconeogenesis, mobilizing glucose into the
circulation to cause a secondary-stimulation ef insulin release. Direct
steroid stfmu]ation of the beta cells might also occur. The net result
would be rediced total fnsulin content of the islets following steroid I
administration, as has been confirmed by demonstrations of beta cell
degranulation by electron micrescopy (85) and a reduction in-total -
‘extractab]e pancreatic insulin (12). The prdvoked insulin secretion
‘would also consume. substrates for insulin synthesis. The reductions in
islet insulin content and substrates for de novo insulin synthesis wou]d
limit the insulin secretory,response that could occur during in vitro *

-

Th1s theory of rapid glucocort1c01d induced 1nsu11n release W
. ,q:‘i»-

perlfu51on

might therefore,exp]a1n the reduced secretory response in the control Xﬁgii.
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* -~
and 1/2 hour ischemic methylpredniso]onq&pretreated islets. Its effect
probably would not have been apparent in the one hour ischemic islets
due to the limited insulin secretion occurring at that time. .
'“‘Possible alterations 1in insulin homeostasis due to the/metabolic

effects of methylprednisolone introduces a second variable making

- .3
e

comparison of viability based on the insulin.secﬁétory rates of ischemic
js]ets with pretreatment to those without impossible. However, it is
tempting to 5ug§est that fhe very 1imited response in both one hbur.
ischemia groups implies a similar severe degree of impairment'of
viability. |

Insu]in.secretorj rate cannot be used as an index of islet
viability following donor prefreétment if the drugs employed haVe.any

effect on glucose homeostasis, particularly the beta cell insulin content.

- (€



CHAPTER V

CONCLUSIONS

These studies of islet of Langerhans structural and functional

integrity following exposure to warm ischemia permit the following

conc]uijons.

.

[

-

1. Light microscoby failed to demonstrate any morphologic changes

in islets following up to 24 hours -of warm ischemia. ~ The
lack of -information from the histologic tecﬂniques used and
their failure to correlate Qiih e1ectr6n microscopic and.

in vitro functional evaluations of islets fo]]bwing ischemia
indicate that this methodlis valueless in assessing islet of

Langerhans viability for transpjantation.'

. Electron microscopy demonstratéd a sequence of deterioration

in islet ultrastructure during warm ischemia whereby irrever-
sible morphologic damage, defined by thgudiéruption of cell
and organelle 1imiting membranes, could be kécognized by

six hours. In view of the probably more accurate indication

of viability by subsequent in vitro functional studies, the

1imit of viability determined by electron microscopy was too

generous, significant functional impairment havinag preceded

~ firreversible structural disintegration.

3. In vitro functional studies exbosed‘two limiting factors in

/

91
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obtaining islets from postmortem donors.

a) Increasing warm ischemic 1nter9als were associated with a
progressive reduction in the number of islets that could
be harvested. Beyond one hour of ischemia, virtually none
could be isolated by current techniques.

b) In vitro insulin secretory function rapidly deteriorated
during ischemia; only a very limited response occurred after
one hour. This functional deterioratidn can be extrapolated

to indicate a cbmparabie impairment of viability.

4. Methylprednisolone preereatﬁent of islet ddnors for in vitro
fungtiqnal studifs was not found to be beneficial.

,43 A positive effect in increasing the number of islets
harvested following one hour of ischemia'failed to produce
numbers éomparab]e to those from nonischemic doners;and
did not lead to prolongation of the ischemi¢c interval
during Which'islets could be isolated. &

bf'In vitro islet function was adversely affected by methyl- =
prednisolone jn the control and 1/2 hour ischemia groups \*\
“while the.function of the oneAhour group was compareﬁle
to its non-pretreatment counterbart. This functjonaf'
impairment may be attributed to a pharmicological effect
of methylprednisolone or an unControllable variation in
experimental procedure; It emphasizes that in vitro
studies of islet viability based on insulin secretory
function following donor pretreatment are unreliable if

the pretreatment drugs have any effect on islet homeostasis.
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The practical application of these findings in rats is to
suggest guidelines for islet harvesting in human transplantation. Th%
maximum warm ischemic period fol]oying'which any number of islet§ with
any degree of iﬁ*bitro function can be isolated is one hour. To obtain
significantly better results in numbers of islets harvested and their
fuhction demands that the warm ischemic interval be kept to a minimum.
With current methods, cadaver donors exposed to periods of warm ischemiz

will be an unsatisfactory source. of islets of Langerhaif for trans-

plantation.
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WARM ISCHEMIA =
- TEMPERATURES TO wmcn ISCHEMIC ISLETS WERE EXPOSED

i

Warm ischemia may be defined as the interval between the inter-
ruption of normal circulatton and the beginning‘pf effective cooling or
artificial perfusion. Due to the complex sequence ot;degenerative intra- -
cellular events which are initiated by isehemia, this interval is
critical to the subsequentirecovery of cellular and organ function. The
rate at which ischemic injury evo1ves isvtemperature dependent. The
rate of metabolic deterioration occurringwat normothermia can be s1owedﬁ
considerab1y‘by cooling to room temperature and to a very significant
- degree by hypothermio conditions [4°C],

A1l studies described in this report were designed to mimic the -
warm ischemic e°nd}tions of harvesting organs from cadaver donors, Each
an1ma1 to serve as a\donor of ischem1c t1ssue was sacrificed by an |
overexposure to ether, had its abdomen shaved for eventual 1aparotomy,
and was then left exposed at room temperature [22-26 C] for the
appropriate ischemic interval pr1or to remov1ng the pancreas for
experimentation. ‘ | '

To document the temperatures to which the. 1s]ets were exposed
in sztu in the rat caw five W1star rats of similar size range to

those used in the ad!ﬂa1 !Hpeﬂﬁments were sacrificed and prepared in

the usual manner._ Inméd_'fd , after death a pomted\ﬁne calibre
temperature probe was insetiN ' ventra1

abdominal wall and?qositionaﬁﬂvA'ndﬂy s0-. that 1t§<record1ng tip would
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be estimated to lie anterior to the lumbar spine in tﬁf region of the
pancréaé. This probe was connected to a continuous temperatdre recorder
[varian Model G-11A] on which an initial room temperature reading had
been previously obtained. Thé animal remained conﬁected to the
ébbarétusAdntilbits internél-body tehpeféture had equilipfated With

room temperature. The final room temperature was then noted. The
pattern of body cooling, which was very similar in all animals, is shown
in Figure 14, The gradual cboling of the animal to room température
between seven and eight hour§ after death indicates that the is]ets'were
subject to an'appreciahle period of warm ischemja, particu]érly in
reference'to the time interva]s during which sighificant injury was

demonstrated by electron microscopy and in vitro functional studies.



FIGURE 14. Postmortem body temperature in rats.
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USE OF DEXTRAN FOR DENSITY GRADIENT
ISOLATION OF ISLETS
| cho]ﬂ, a high mo]ecular weight polymer of sucrose, has been

the reagent reported exc]us1ve]y for use in constructing dens1ty
grad1ents for the isolation of islets of Langerhans. Scharpe et al (73)
have shown that different lots of commercially available Ficoll are °
contaminated to varying degrees with low molecular weight substances
which appear to oe toxic to islets. Reproducible resu1ts of isolated
islet insulin secretory responses or transp]antat1on are 1mposs1b1e to
obta1n un]ess these contaminants are removed from the Ficoll by d1a1ys1s
pr1or to its use | |

As facilities for d1a1yz1ng Ficoll were not available for th1s
project, 1t was thought that clinical grade Dextran, a h1gh molecu]ar
we1ght po]ymer of dextrose wh1ch has been used successfully in other
density grad1ent separat1on techniques might be suff1c1ent1y pure for
use. Density grad1ents constructed of ‘Dextran, average mo]ecular we1ght
170,000, ach1eved separat1on'of‘1slets from acinar tissue equally
effect1ve1y as those prepared with Ficoll. - The effect of Dextran~on'
islet insulin secret1on was assessed by per1fusion exper1ments in wh1ch '
4 samp]es of the eff]uent fluid were collected every minute dur1ng the |
-'1n1t1a1 20 m1nutes fo]low1ng st1mu1at1on w1th a h1gh giucose concentrat1on i
{300 mg%]. and_for,]onger and more w1de1y spaced 1nterva]s dur1ng the |
1ater stages’of stimulation' The dynamics of 1nsu11n secretion

'demonstrated in a typfca] exper1ment are shown in FIgure 15 The |



-FIGURE 15. Biphasic insulin sécretory response huring perifuston

following islet isolation with Dextran.
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. . s ,
biphasic nature of the insu]in secretory response is recognizable with
the initial rapid phase represented by two small. peaks of secretion
within the first 15 minutes followed by the more gentle slope of the .
sustained second phase of re]ease. : /.
- The adequate siparat1on of islets plus the satisfactory 1nsu11n

secretory responses during perifusion appeared to Just1fy the use of

v

Dextran for islet isolation in place of undialyzed Ficoll.
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