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© ABSTRACT - ( <
Th1s thes1s stud1es methods of preserv1ng, in the deep
frozen state, canine heart va]ves, fetal and neonata] mouse hearts
and the 1s]ets of Langerhans | ‘
| A histological exam1nat1on of adult can1ne heart valves
recovered from storage (- 196 C) shows v1ab111ty w1th some 1oss of
.strbma] f1brocytes and revers1b]e damage to the endothe]ia] 11n1ng
A more complex t1ssue is then cons1dered'- Hearts removed
from 17 - 19 day. fetal and ] -9 day neonata] m1ce are frozen in .'h;v
» 11qu1d n1trogen, stored and,tested for e]ectrica] act1v1ty after o
‘ 'thaw1ng Var1ous cryoprotect1ve agents are used It s shown that -
d1methy] su]fox1deyvethy1ene g]yco] and g]ycero] are a]l protect1ve
ir to the feta] hearts prov1ded g]ycerol 1s added at 37°C‘ COntrolled_ |
’m1crowave thaw1ng at 2450 Mz . is. comparab]e to ‘the water bath thawing ;ﬁ-"
l.techanue D1ffus1on oF}both protect1ve agent and nutr1ents 15 shown
‘to be the 11m1t1ng factor in the réco{iry from the deep frozen state
of neonata1 hearts between 6 --9.days \of age | : i N |
| ~ The methods developed are usgd to preserve, in vttro and o
. in ’//vtvo, rat 1s]ets of. Langerhans Is1ets are taken from adu1t rats, L

"_frozen 1n 7 5 and 104 d1methy] su]fox1de to }96°C thawed and 1n some »1‘

cases cu]tured for two days pr1or to perifus1on Cu]ture appears

"yauto a]]ow figr metabo]1c recovery, as these groups of cells responded

’ sim11ar1]y to the contro] group£ E]ectron m1croscop1c examination
AR ‘ S

IA .



shows thét some.damagé occurs in the frozen group.;buf'the damage'.

is not irreversible. Islets are ~ harvested from several rats,

frozen and stored. Afterﬁthawing'ahd culture, a transplant is made

~into a>syngénéichra; with chemically 1ndu¢éd diabetes. Compared to

q'bontko1i the‘trénsplanted rat returns from a hyperg]ycemic state

: td'norma]. Some of'the.tkansp]ahted is]ets are réqdvered from the

-

~Tiver aftek'sacrifiée and-fGrther assayed.

i
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~ INTRODUCTION -

-

‘ "In a living active organism the state of many of
its constituents is the result of a dynamic equilibrium

> between the reactions involved in their constant degradations .
and regenerations. The organism must constantly provide

- the energy for the upkeep of its complex structure, which
has a tendency to collapse. The stability of such an ¥
organism is of a dynamic nature. - S -
" During anabiosis no energy can be supplied by
the organism for the upkeep of its eomplex stricture whichy .
nevertheless, remains intact . . .. . Only when the structure
18 damaged \or destroyed does the organism pass from the state .
of ‘anabiosid~er latent life to that of death'. T

. D. Keilin, F.R.S. (1)

: "It is true that by introducing certain protective
agents, e.g. dimethyl sulphoxide,. intd biological material,
freezing damage can be prevented in special circumstances,
but the freezing, without lethal damage, of whole organs: -
- let alone\of a body™in ite entirety has not Q;en achieved -
8o far. ? o T PR —_
oy It cannot.be emphasized too strongly that if injury
is to be prevented, the protective action must be carried out
before freezing. Once the drastic changes caused by freezing = -

have occurred, repair and recovery are impogsible”.

: ~ An ekcérptfrom:a letter entitled ”Freézing of a Cotpée" o
by N. Kurti, F.R.S. in the Times of London, Aug 10, 1968 (2).

, "Nevertheless these results do ‘provide some grounds. o
for optimism, and when it 'is remembered - that basic knowledge . - .
in low temperature biology i¢ increasing all the time, and R
- that this new information is providing ideas which can be .
' applied to organ storage, them it is reasonable to hope that -
. 1t may not be too long before the transplanter's pipe dveam
of an "organ bank" becomes a practical possibility". : .
; D.E. Pegg, M.D. (3)

| The clinical need for Tong term'ofgah,stofage_is:épparent
~ from the requirements to match all 4HL-A antigens of both recipient - -
’""and donor under cirCuﬁstaﬁces where at least 264d1fferéh§ HL-A antigens

|



| are now.known to.beipresent tn Caucasoid‘popu1ationst ,In;addition to
“the HL-A anttgen ft'has'reeent1y'beCOme c1ear that matching for the
LD ant1gen system may be very tmportant (4) by tn vitrdippocedures i
(the mixed 1eukocyte cu]ture react1on) wh1ch present]y requires 6

‘ntdays Thus foﬂ'a given donor a 1arge pool of severa] ‘hundred

4._poss1b1e reC1p1ents is necessary to obtaln fu11 t1ssue matching (5).

At present, storage techn1ques at +4°C 11m1t the time for t1ssue .
typ1ng, transportat1on, and transp]antat1on to about 24 - 48-hr, | )
~and even this requires elaborate perfus1on techn1ques wh1ch have been \"
h;rev1ewed by Pegg (3).. Without perfus1on 24 - 48 hr at. 0 = 5°C is
the limit (6)(7)(8)(9) and there appears little hope of ever 'H
extend1ng the total storage t1me at 0°C for- k1dneys or hearts beyond
<72 hr (10)(11) Storage for 1ong per1ods 1n banks w11] on]y be
| ach1eved, if at all, in the deep frozen state | | :

| Many anoma11es exist 1n cryob1o]ogy thereas certatn ‘}
tnseets (e g rot1fers, nematodes) and most seeds w111 survive freezing
'due to dehydrat1on, as we]] as some types of organtzed tissue, e. g.
the cornea (12) and poss1b1y the 11eum-(13), w1th the correct use\Xof‘. R
cryoprotect1ve agents, the unnuc]eated human pTate]ets as we]] as. the:'_V
's1ng1e ce]led granu]ocyte have e]uded c]inlcally successful

' preservatlon in- the frozen state

: The h1story of man’'s attempts to 1nduce "1atent life" has

been rev1ewed in br1111ant perspect1ve and deta11 by Kei]in (1) Thisj'.; tiif:_”

!

c]ass1c work chron1c1es a]] the s1gn1f1ca[t studies on: the natural

- Lprocesses of. Inablos1s, now referred to a cryob1osis, and the

empts at 1nduc1ng 1atent 11fe, from the observat1on of

\‘,.

d_ 1aboratory at



Henry Power M"D ;rin'166] (14), and Antony van Leeuwenhoek in 1702 o
» ”(15)1 through the 1ntens1ve 1nvest1gat10n period of the 1930"s by
« the- late Father Luyet and- others~(]6), who studted the effects of.
' _dehydratton and v1tr1f1cat10n fo]]owed by the work of Parkes (]7)
Smith (18), Lovelock (19) and others, at ‘the end of the 1940*

In recent decades, deta]]ed reports on the preservat1on of ce]]s,

'spermatozoa, cornea, etc have appeared in the’ Journa] of Cryo-
'bio]ogy (1964 - present) In 1966 the state of the art of cryo—
t‘b1oTogy was rev1ewed 1n a book by Meryman (20) _ Subsequent books ‘

_(21) ( ) have descr1bed work at the cellular Ievel (2 ) (9) -and at
“the organ 1eve1, as we11 as current c11n1ca1 techntques of bank1ng_~'
lup to ]974 .‘
Recovery of. both nuc]eated and rnon- nuc1eated ce]]s from':'

temperatures at wh1ch the metabo]1c rate 1s suff1c1ent]y 1ow to
:perm1t theoret1ca11y 1ndef1n1te per1ods of storage requ1res amongd::,3"
e other factors, the use of spec1f1c cryoprotect1ve agents at non-

tox1c levels. The more successfu1 of theseare so far d1meghy1

ksu]phoxidel(DMSO) glyceroT and ethy]ene g]yco] (EG) These part1cu1ar,_;'~vu

'compounds W111 penetrate ce]] membranes depress the freeztng p01nt

| .-and thereby reduce the damage from h1gh concentrattons of intra and h

t_extra ce]lu]ar so]utes that would otherw1se be present at that s

temperature These and other non toxic hydrogen bond1ng agents have

L
‘

been very successful 1n preserv1ng ce]ls ( ), sk1n (23) and corneas
j-(13)(24) Aqueous solut1ons of g]ycero] and DMSU become viscous and P

' hglassy 3t Tow temperatures rather than forming crysta]1ne eutectic

}}Thls is because of the H bonds between the water mo]ecu]e and the ix ‘ifl'd A



AU
L . . . ‘ : \\ o Yo 1
cryoprotectants. At - 20°C; one mole of g]ycerb]fbdnds*2imoles of

water andagne nb]e;of DMSQ'binds 3'moles of water. In a;recent paper;

: Mazurn(25) ha\\d{scussed the difficu1ty~of'extending these techniquesv .

5_.to large masses. of organ1zed t1ssue conta1n1ng many d1fferent cell
'Atypes such as the heart and 1slets of Langerhans Sa]t concentrat1on,,'i
" toxicity of the cryoprotectlve agent to d1fferent ce]]s\\freezing |

) and thaw1ng rates are-all factors that have to be considered. . Both
- glycerol and DMSO can be" tox1c to” mamma11an heart tox1c1ty occurst'}'
nl.at 1.0 M at 37°¢ but not unt11 2 or 3 M concentration at 0°C (26)

Un1ce11uTar or d1spersed cell, systems The erythrocyte

;has been stud1ed more than any other ce]] at Tow temperatunes (27) |
‘v(28)(29)(30)(31) : S1nce 1950 when Smlth (32)(33) f1rst showed that" |
lsma11 amounts of b]ood m1xed w1th g]ycero] cou]d be frozen to 70°C,f
many processes have been developed to freeze RBC 1) The Tu]]is |
3?rocess, 2) The Amer1can‘Red Cross,Pro;ess, 3) The Huggens Process o
(9),' o | , ,. | o | o ; -

| Interest 1n,the preservat1on of 1eukocytes has der1ved
’-]argely from the stud1es 1nvo]v1ng préservation of. bone marrow
f'Ashwood Sm1th (34)( )(36) and Le1bo (37) us1ng bone marrow stem '
”dce]ls 1nvestrgated coo11ng and warm1ng rates 1n the presence of some
%non penetratlng protect1ve agents A maJor prob]em 1n the study

of 1eukocytes has been the 1ack of re]1ab1e and acceptab]e tésts of 3;~
,funct1on and v1ab111ty Rowe etdal_ (. 38)(39)(96),have shoWn that
rabbwt and human granu]ocytes frozen in 10 and 15% DMSO reta1n the1r__
‘_'capac1ty to phagocyt1ze po]ystryene 1atex part1cu]es Fabtan e;*gl_t_,. '
ii.:(41) have been ab]e to get.25% recovery of grandiocytes which have -:-‘v'v



“been froZenAand thawed;:this.is.not an_adeguate,reSUJt.',Ashwood— ) ” o ‘ik\
| Smith‘(AZ) has demonstratedvpreservation of mouse lymphOSytes with

DMSO‘using three parameters of viabi11ty' phase contraSt mtcroscope, -
V-prote1n synt es1z1ng act1v1ty and the ab111ty of the 1ymphocyte to f

:'-;produce splenomegaly when 1njected w1th F1 hybrids. " Farrant et al

\' have used d1fferent coo]1ng rates during freez1ng to separate

| p u\at1ons of human perlpheral b1ood 1ymphocytes o . : E j-; &;;f
' /vf“-, ~A fragment of another type of bone marrow ce11 the =

'v‘ megakaryocyte, is the p]ate]et There is-a great demand for p1ate1et
transfuswns in pat1ents recewmg chemotherapy for 1eukem1a wtth

cconcom1tant fhrombocytopenia Preservatlon of p]atelets has posed o

':'a form1dab1e probﬂem due to membrane frag111ty Rev1ews of the A.d"7if :'

:prob]ems 1n preserv1ng blood p]ate1ets have been g1ven by Morr1son (44),; '¢£§%§
v.'Strum1a (45) and Chanut1n (46) ' Prob]ems encountered 1nc1ude the t;V_’ o

- cho1ce of -a su1tab1e conta1ner, the appropr1ate ant1coagu1ants, and

'hjithe best techn1que for separation ‘and . prefreeze storage of p]ate1ets

.‘7¢These d1ff1cu1t1es are’ compounded by the complex funct1on of the ;ﬂ

'-_p]ate]et It has been ‘shown by Murphy et a] (47) that preservation .

.fat 22°C g1ves 1onger surv1va1 than at 4°C th1s s a s1gn1f1cant -
departure from the standard thinking that coo11ng favors‘maintenance‘~ L
qf - cell v1ab111ty . The d1ff1cu1ty in preservation of fresh p]ate]ets .'-d.,xlg
suggests that freez1ng may be the on]y means to ahhieve 1ong term ,. s

| 'L1preservat1on of this c11n1ca]1y 1mportant blood component Severa1
_ﬁ°investigators (48)( )(50&151)(52)( )(54)(55) have shown that g]ycerol N |

: gave 25% recovery of human p]ate]ets kMSO has a]so been used but

better recovery has been obta1ned with 5% DMSO + 5% dextrose (56)(57)

o

Cam . . : LR e R
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.2 degree of success h

of p]ate]et v1ab111ty may . be expected

a compqete k1dney or heart (59)(60) 7Even 1f comp]ete d1ffusion 1s

' . . ’
- N

(58) on rat plate]ets than W1th DMSO a]one Clear]y much'remainS'to

be d1scovered about the metabo}nsm of p]ateTEts before ful] prdfervat1on |

/f
In mu1t1ce11u1ar systems complete d1ffus1on of a protective

-

agent poses specia] prob]ems 1n mu1t1ce1{u1ar systems Certa1n1y

7JJ15 - 20 min is requ1red for diffusion df DMSO from a perfusate hrough

i

ach1eved theoret1ca1 cons1derat1ons suggest that d1fferent ce]]s

'_regu1re.d1fferent freez1ng-rates (25) and the same may apply to the

,thawing ratea Thus, there. are many unknowns a11 of wh1ch m1t1gate

g

}aga1nst the recoveryzzzlwhole organs from a frozen state. However’ ‘

1ready surpassed the expectations of Kurt1 |
:(2) Certaln mu1t1ce11u1ar structures have a]ready been successfu]]y
Tpreserved after freez1ng Thus, ch1ck \embryo heart anlage has '

surv1ved freez1ng for short per1ods 1n;11qu1d n1trogen (61) us1ng 1

»“ethy]ene g]yco] (EG) as a cryoprotect1ve “agent. Wh1tt1ngham et al. !

' 63{ have frozen 2= 8 ce]l who]e mouse embryos to- —196°C and 269°C

.. at s]ow coo]1ng ra (0 3° to 20 C/min) and then thawed them slowly |

L 2

"at rates of 4° to 25°C/m1n w1th subsequent deve]opment of 50 - 70%
"'of the embryos 1nto b]astbcyst on cu]ture when these were placed 1n |
‘ pseudo pregnantxdmthers, 65% became 1mp1anted as pregnancies and Went

: to. term & D1methy1su1ﬁox1de (DMSO), at 1(M COncentratlon, waszbout 3

th1ce as. effect1ve as an equa] concentration of g]ycero] Frozen f-h\
embryos are known to be cross1ng the wor1d privately for an1ma1 7- -

husbandry There 1s an optimum coo]1ng rate and 2 probab]e need for
l . ey

s]ow as we]l as. contro]]ed thaw1ng rates 1n the 5tud1es reported (62)

'é
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. In 1965

LoF

Supercoo]ed adult hearts have resumed beat1ng (63)(64)(65)
;but pr1or to the work of 0ffer13ns and Kr13nen in 1972 (66) and |
Rapatz in ]970 (67), attempts to freeze adu]t mamma11an hearts had
met with 11tt1e success A detailed review of the SUbJeCt has been

given by Luyet (68) who has tabu]ated the h1stor1ca1 deve]opments of

this aspect of heart research Rapatz (67) obta1ned partial resumpt1on :

- of activity in all parts of adu]t frog hearts after. freez1ng to

s
i D

temperatures "be]ow 55 C“, us1ng ethTyene glycol as. a cryoprotect1ve -

O

agent. DOfferuns and Kr1Jnen {66) added DMSO. to the perfusates of -
tsolated'adult rat hearts With- supercoo]1ng to temperatures between '
7-18°C to -30°C, young rat heik‘ﬂ (10 - 16 days o]d) recovered but
o]der hearts did not. Can1ne kfdneys frozen to —]96°C and’ m1cro-
wave thawed ‘have. aIso shown some vascu]ar 1ntegr1ty fol]ow1ng re- -
.v'l1mp1antat1on (69) o | |

- In the 1ast decade there has been cons1derab1e work done
Jln the fresh transp]antat1on of 1so]ated 1s]ets of Langerhans for the |
treatxent of d1abetes me111tus Stnce 1964 when Hellerstrom (70) e

'1crod1ssected 1}1ets from the mamma11an pancreas harvest1ng

skatewsk1 prov1ded the bas1s for current harvest1ng
'_techn1qres, by us1ng enzymatac dtgest1on w1th collagenase to separate

. the ac1nar t1ssue from the 1ntact 1stets (71) S1nce then Lacy and
:~Kost10vavsky have 1mproved the techn1que by mechan1ca11y disrupt1ng

- the ac1nar t1ssue by 1ngecting a balanced salt so]ution v1a common

’,¢b11e duct and fol]ow1ng co]lagenase d1gest10n, to separate the 1s]et

¥ L]

suff1c1e:Z numbers of 1s]ets for transp]ant has been the maJor prob]em, T



) grad1ent (72)

from the acinar tissue,by:centrifugation in a discontinuous density

[y

. In the last 10 years much exper1emce has been gained in

the site oﬁatransplantation of. the 1so]ated islet. In1t1a11y the

1s]ets were injected 1ntramuscu1ar]y or 1nterper1tonea1y but of 1ate

| the most eff1c1ent s1te for transplant1ng the‘ﬁs]et has been 1n the

v]1ver via the porta] vein (73) - These ‘islets 1odge i

N

n the termina1

‘porta] venu1e where they become embedded and revascu1ar1zed w1th

"'the above techn1que hyperglycem1c rats have been returned to norma]

g]ycem1a as measured by we1ght ga1n, b]ood sugar, ur1ne vo1ume and
urine g]ucose One of the maJor probhgms in the harvest1ng of 1slets

1s getttng a large enough number: for transp]antat1on To date 1t

ftakes 3 -4 donor rats to cure one diabettc rat If thls techntque

.', of harves;ing 1s]ets 1s ever to be used c]1n1ca11y, 1ow temperature

bank1ng will have to be estab11shed Once the is]ets are frozen.there

'ex1sts the prob]em of be1ng able to thaw the samples Some of the

'methods that cou]d be used, are water bath thawing or m1crowave

Microwave thaw1ng has been reported brlefly by Lehr t al (74) From

"the 11m1ted d1e1ectr1c and therma1 data ava11ab1e on frozen organs,

.‘jtechn1que 1agged beh1nd research in freezing methods, and that the use_‘~]

':'1t wou]d appear that research in this aspect of the preservation

"of m1crowaves with.the" frequenc1es 1n the ‘range of 500 -~5000MHz

/

offered the greatest prom1se of contro]led un1form thawing It has ,'

‘lbeen ver1f1ed that m1crowave thaw1ng is tolerated by hamster tissue

f‘culture cel]s ( ) . The m1crowave 1nsu1t (of the order of 1OW/g,’w1th hsV,'

e]ectr1c fleld strengths probab]y reach1ng peak va]ues of 30 000v/cm),,‘“"



10

is‘acceptab]e to nuC1eated Ce]]s‘at temperatures below zero. A

system such as m1crowave will def1n1te1y have to be used when try1ng
'Hto thaw ]axge organs from sub -Zero temperature |

The fo]low1ng chapters descr1be and 111ustrate the techniques
| and mode]s used in assess1ng v1ab111ty after freez1ng and thaw1ng of
d1spersed ce11 systems or so]1d organs D1fferent mu1t1ce11u1ar

organ1zed t1ssues such as the fetal and neonata1 heart heart va]ves

L]

. and the 1s]ets of Langerhans were used to try and extend the range

of organ1zed tlssue that can be preserved “Heart va]ve tISsue due
/
to 1ts s1mp11c1ty, was 1ooked at f]rst This twssue 1s s1m11ar to-

1;the cornea wh1ch 1s now rout1ne1y preserved at sub- zero temperatures

------- -,

-

. <Go1ng to\a more comp]ex Organ1zed tissue, the feta] and neonata]
:hearts were. used as a mode] to test m1crowave and water bath thaw1ng 'v :
and to test d1fferent protect1ve agents on card1ac t1ssue The th1rd
tf and most comp]ex of the organ1zed t1ssue 1nvestlgated was the adu]t |
.Js]ets of Langerhans Th1s is a sma]] organ that performs a very _
_ comp]ex funct1on, name]y that of supp1y1ng 1nsu]1n to the body

thereby regu]at]hg the blood g]ucose leve]
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_ INTRODUCTiONt A 2

In the hope of extend1ng the range of organ1zed t1ssue

: fthat couid be cryopreserved, 1t was dec1ded that can1ne heart valves
would be a su1tab1e t1ssue to freeze and. thaw 'Even though valvular
t1ssue is very simple, it is st1]1 an organ1zed t1ssue composed of
endothe]1al lining (1 to 2 ce]]s th1ck) wh1ch covers the adJacent _
]ayere_ef:to]]agenf The two layers of co]1agen sandwuch’the 1ayer -

1

of:conneet?ve tissee (F1gure 1).
@ ' endothe]1a1
h Hning

: . col]agen
connect1ve 1ayers

B iﬁﬁ/,\ Jaizyr >7

co/ﬁ@ 9@ o

\___ - .

'Figuké~1- ,Gross,section of heart~valve. SR

(5=

Heart va1ve t1ssue is s1nn1ar to cornea a t1ssue wh1ch has been cryo- :
| preserved for many years and is in c11n1ca1 use. (Z§)£z7) ' Mermet _‘,'
et_al (78)(79) 1n a br1ef report (1971)/c1a1med successfu] 1mp1ant~
'at1on of adu]t canine vaTVes Ther9/1s no ev1dence that DMSO, at 10%
v/v . ?E{danegqng to feta] hear t1ssue (80) In ‘a recent book (81)




e

_ sonp wt1ters have - c]a1med success with banking human heart va]ves, o

L :‘“

. wh&mgas others have stated that 1nsuff1c1ent data exvsts to justify
_ —_—

use of the method at present. It is, 1n fact d1ff1cu]t to know

L

1f a transp]anted va]ve is alive or not, as even non ~viable va]ves
5

. &\r 3
due’ io tQSSr h1gh content of co]lagen fibers, w111 have va]ve 11ke

LX“ ’

functxeﬂ for quite 1ong perlods of t1me

}? 'Prosthetlc va]ves are undoubted]y of greater c11n1ca1
2 '3
_ut111ty,&but 1t was fe]t that there wds still suff1c1ent Just1f1cat1on ’

'to pursue'tne concept of preserved valves 1n h1gher mamma1s 1f only
V.

\

to study the t1ssue damage
METhOD S R

7
-~

M1tra1 and aortlc va]ves were removed under sterTTe
’ conditions from mongre] dogs anaesthet1zed w1th d1buta1 (O 5cc/kg)
The p]eura] cavity. was opened and the hearts removed from the per1- o
' card1um and p]aced in ster11e chilled sa]1ne The heart was opened
and the va]ve'1eaflets (or cusps) were dlssected away and p]aced 1n
| ch11]ed Eag]és Minimum Essent1a1 Med1um (MEM) to Timit the warm
1schem1c t1me and to wash adherent b]ood from the surfaee/ot the
va]ves " The va]ve t1ssue was then transferred to a so]ut1on'of MEM
_tOQether w1th 10% (v/v) Feta] Calf Serum (FCS) (v/v) g1utam1c |
.~'ac1d pen1c11]1n (100 un1ts/cc) and. streptomyc1n (100 ug/cCﬁﬂffghSO

“ was added slow]y to th1s soTut1on over a 20 m1n per1od to a f1na1 con-'“
f"centrat1on ofllO% (v/v) and an add1t1ona1 10 min a]]owed for equ115

' ~1br1um to occur Osmot1c stress was thereby m1n1m1zed The

»add1tlon of the DMSO was carr1ed out at 4°C, at a rate of D 5%/m1n

N



Fo]low1ng this equ1]1br1um pg;nod one. leaflet of each Valve a]ong B
'w1th 5 m] of 1ts so]ut1on was transferred to a sma]] steri]e freezing

vial, p]aced ina’ L1nde coo]1ng chamber (descr]bed 1n Chapter 2),

-and frozenyto -100°C at a rate between 0.5 and 0. 7°C/m1nf Samples

were then p]aced“1n 11qu1d n1trogen vapor .and coo]ed to -]96 C at
20°C/m1n, at which temperature they were stored for per]ods a]ways -
in excess of 6 days. After storage, samp]es were Shawed 1n an
'ag1tat1ng 37 C water bath The mean thaw1ng rate from —196°C to +4°C
| was approximate]y 150° C/m1n Once thawed the va]ves were transferred

W

' to culture flasks conta1n1ng 2 ml of MEM w1th 10% FCS. Each Valve
o= »~ .
was first placed oﬁhthe bottom of a flask and left to st1ck for a

"~ 2 hr period w1thout any solution, after wh1ch t1me the cu1ture media
was a]]owed to cover the t1ssue This procedure was used to ensure
that the va]ve adhered to- the f]ask _did not subsequent]y §4oat off
After 3 days, when the va]ve had adhered firm]y to the f]ask an.

‘add1t1ona1 3 m] of MEM + 10% FCS were added to each f]ask After

. a five day culture t1me (1. -at the end of 8 days) the 1ncubation '

med1um was. rep]aced w1th 5 m] of fresh MEM + 10% FCS After»a

total culture per1od between 9 and 12 days va]ves were examined

~ for endothelial and f1broba15t1c growth If ‘there \ was an othPOWth
_of ce]]s, ‘the va]ves were théh removed from the cu]ture flask and

| f1xed in 4% forma]dehyde for h1sto]oglc exam1nat1on  The 1nter-rr
fpretat1on of the h1st0109y s]1des was done by T S * on’ a blind

"bas1s Mu1t1p1e step sect1ons were prépared from some/of the

X Dr. T.Kas Shnitka'yDep. tment ofsPath010gy,'Universjty“of Alberta

0



va]ves to determtne the extent of . t1ssue surv1va1 Y‘Tves wh1ch
' were dev01d of. f]brob]ast or epithe]1a] cells outgrowth were a]so
exam1ned h1sto]og1ca11y Both fibroblast or ep1the11a1‘ce11 growth '
"were used to asseSs t1ssue (va]ve) v1ab1]1ty |

t

o

RESULTS " M
The resu]ts are g1ven in Tab]e I By taklng sect1ons
at. d1fferent depths, it was poss1b1e to analyze the effects of
:“the freeze thaw 1nsu1t on the‘endothellal T1n1ng, and on the ceTTu]ar
and f1br1]lar components of valvular connectlve t1ssue The f1.st
part of Tab]e I summar1zes the f1nd1ngs in sect1ons from d1fferent
Lfrozen thawed cu]tured vaTves, t?ken at arb1trary TeveTs TThem_"
second sect1on of Table I grwfs the resu]ts for the same va]vesA
<then cut at d1fferent Teve]s in transverSe and flat pTanes Both o
- oof the forego1ng groups were then compared with contro] vaTves o
which were cuTtuyed'1n_the same mann?fzput not. frozen . The

histological Ttndings areaillustrated n F1gures 2 to 6. F1gure 7
is a section throughia tresh valve (norma] untreated contro])

~Figure 8 shows a cultured dead vaTve which was destroyed by repeated

'freeze thaw action. 1n the absence of a protect1ve agent

t

15
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Figure 21"Vthe‘#zv(éee:Tableaf).Section'bf'
preserved valve showing focal endothelial '
hyperplasia. ‘X 65.. Hematoxylin and eosin.”

Figure 3. valve #5. . Preserved valve showing = -
oo patchy endothelial cell Toss, patchy endothelia] -
* .« cell hyperplasia-and mild focal Toss of fibrocytes
. in stroma. X 65. -, e

>



\\\‘ﬂlgure ta. Valve #4 Preserved . " Figure 4b. Vhlve #4. Focalff

valve.

nuclei and patchy. ]oss of - endo-
the11um.,

Note loss of. stroma] endothelial hyperplasia. in
“combination with loss of

X 65 IR S « :stromal-fibrocytes.’ X 65.

‘Figure 4c. Valve #4." A different*- IR I
area of ‘the section of the valve. ' =

" Endothelial cell loss on. one side S
only. "Mild-focal loss of stromal .~ v "
nuc]el also apparent x 65. .. ERE

RRVEEN
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. Figure 5. -valve #9b. Non-froze

- cultured valve (control) showing
. hyperp]as1a of f1brocytes in:
.*"stroma X 65 '

S

- i e e

Figure 6. valve #11d. ;'Ndhi/fi'ﬂozen el
- cultured valve (control) w1th B
> normal endothelium. X 65  »  e

\
- L
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Figufé 7. Normal untrediéd conirpl_ o

. “valve.. X 65,

&

e
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, 1t was not easy to d1st1ngu1sh endothe11a] ceTTs from f1brob1asts

Py .

DISCUSSION |
In this work ‘the obJect1ve has been to use ‘the freeZe-
thaw procedure of prev1ous wr1ters (78)(79) who have reported

successfu] -In vivo grafts, in an effort to estab]1sh the extent (

' of.acceptab]e damage from cryopreservation.. . The.resuTts cTearly

show that the vaTVes'are viab]e but that there is damage, in
part1cu1ar a Toss of stroma] fdbrocytes wh1ch mayTbe in part due’g§
to the cryoprotect1ve agent (F1gure 4). The endothe]1a1 Twn1ng i
aTso suffers some damage (F1gure 3 4a, 4c). There was a pers1stance ff-
or muTt1pT1cat1on of endothe]1a] cells and stromaT f1brocytes L

foTTow1ng the 8 ~days of cuTture (F1gure 2, 5) Ce]T proT1ferat1on

: 1n cuTture was used as the absoTute cr1ter1on of v1ab111ty but f‘

A

Irreversib]e damage to. both types of cells: occurred in a patchy
fash1on\ OveraTT quant1tat1ve Tosses of both ceTT types rOUQhTy
correTate one w1th another, but when damage was mlnor, patchy

endothe]1a1 Toss tends to be more. consp1cuous » The Toca] cuTture

_ cond1t1ons, adhes1on, med1um and t1ssue growth st1nu1at1ng factors, o

aTT have to be . cons1dered when ]ook1ng at the patchy damage

Adhes1on of the vaTve to the p]ate surface may not be- un1form, ‘.,

- therefore proT1ferat1on may onTy occur where the va]ve 1s well stuckt;fojff‘

g ,Y»Step sect1ons appear to prov1de a: better means of assessment of

B

i

patchy damage 1n the cryopreserved valves than s1ngle randOm sections)v
The resu]ts presented are encourag1ng and 1nd1cate that an organ1zed
tlssue,even though s1mpTe,can be cryopreserved Further work is S

requ1red on h1gher mammaTs and human cadavers, to establish the zir
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~optimum coo]ing‘and thawing rates. Mazur (v')thashshown‘thaf’:}

d1fferent types of cells have an opt1mum coo]1ng and thaW1ng

 rate for max1mum ‘recovery fo]]ow1ng thaw1ng The.effectvof :

different cryoprotect1ve agents on heart valve tissue w111 a]so

:have to . be 1ooked at before optimal cond1t1ons are’ known for:

Lpreserv1ng Va]veéﬁfor use in c11n1ca1 graft1ng

. \ ‘-{:_.g | .

| | CSuMMARY |
Adu]t can1ne heart va]ves have been frozen to -196 C.

(0 5 to 0. 7°C/m1n from 0 to -100°C), with. ]0% DMSO' (v/v), stored

~ thawed at = ]50°C/m1n, and then cu]tured for 9 to 12 days A

"~h1sto]og1ca1 ana]ysqs of sect1ons through severa] va]ves 1nd1cates

~ .

v1ab111ty, but w1th a not . 1ncon51derab1e ]oss of stroma1 f1brocytes

':and some damage to the endothe]ia] ]1n1ng The pract1ca11ty of
vfreez1ng va]ve t1ssue for bank1ng W111 have to be 1ooked at Very
-vcarefulty because of the eff1c1ency of mechan1ca1 prosthesis |

~However demonstrating v1ab111ty of heart valve t]ssue extends

= the range of t1ssues that are amenab]e to cryopreservatlon

23



CMPERIH
,Us1ng the mouse heart model to test m1crowave vs water bath warm1ng

G
and- test1ng d1fferent cryoprotect1ve agents on card1ac t15§ue

Ce .



ol ow

- ‘comment that. due to Ramazzotto et al. (8 ) f1nd1ngs,“"f

A}

< . »>INTRODUCTION | [;
| To date, no one has been able to obta1n beating adu]t
éardiac cells fo]]ow1ng the freeze-thaw 1nsu1t (82) aﬂd,for that
matter, obta1n beat1ng adu]t ce]is 1n cu]ture (83) - If Card1ac -
; tissue 1s frozen to temperatures ]ower than -20°C the ce]]s do -

not 11ve when rewarmed (84)(85)( )(87) Karow (9) has made the""

»?rrat heart. musc]e was homogenized frozen “and. rewarmed then o
S.cytochrome ox1dase act1v1ty decreased to 48. 5% of" the contro1
:'whereas in myocard1um cubes, treated 1n the same - way, the enzyme_"*.
:,vact1v1ty decreased to 79. 4% of norma1 -3It may be that adu]t
mamma11an hearts, by extrapo]at1on from these resu]ts on small

/port10ns of. adu]t myocard1um, cannot be kept in the frozen state,;r

wat temperatures 1ower than 20°C and at h1gher temperatures they.sp

”.f 'can be kept for only 20 min (89)(90)(91)(92)(93)

) The 1mposs1b111ty of preserv1ng adu]t cardiac tissue may ‘f~
‘bibee due to the 1nab111ty of adu]t tlssue to adapt to stress, in |
icontrast to feta] t1ssue Adu]t t1ssue is a]so much more’ fu11y
'_d1fferent1ated poss1b1y 1t ‘can onJy functlon as a un1t of many |
"d1fferent cell types each spec1f1ca11y des1gned to do one function

E w1th1n_the-comp1ex syncyttum of an adu]t.heat1ng heart If one

of the sub units~(ce]1‘types) isinot presEnt, coordinated Ph¥5195,f vﬁ
;log1ca1 funct1on cannot be expected ‘ThErefore; it an adult‘heart,f'-:'

was homogen1zed or made 1nto sma]] cubes, norma] funct1on cannot

I ’ . F,



be expected because all ofothe sub units are hot'together to
operate‘ phys1o]og1ca11y Fetal tissue on the &her hand, is
't1ssue that is not fully d1fferent1ated and can adapt to stress .
'Tmore read11y Fetal card1ac cells will beat in cu]ture (82)

wh1ch may be due to the respons1veness oﬁ/the ce]]s to growth

factors present in the cu]ture med1a wwth these poss1b1e exp]anat1ons .

for fa11ure (to date) there seemsto be no 1ntr1ns1c reason why an-

' adu1t hsart,'ﬁf.preserved as a who]e, cou]d not-funct1on 1f proper.
freez1ng techn1ques were found, _-' | ; |

In the hope of extendlng the range of cry0pre§erved tissue, -
".the fetai and neonata] heart both: of wh1ch are an organized tissue |
"vof'many ce]l types were used Once the system waS»established it
could be subsequent]y used to test the effeéts of mlcrowave thaw1‘
,iversus water ‘bath, and a]so test d1fferent protectlve agents on
cardrac cells.. Theameans ofcassay was to measure the e]ectr1ca1
: attivity’of'the tranSp1antedhheart The e]ectr1ca1 act1v1ty of the
eheartlis:due to éhe(chAnging potent1a1) charge 1mba]ance across
the ce]] membrane of the myocardia] ce]]s The f1u1ds on the 1n51de

"_and outside of the ce]]s are e]ectro]yte solut1ons conta1ning o :

o 155 mEq/z each of anions’ and cat1ons Intracellularly there 1s

' {'sl1ght excess of negat1ve ions. (anions) and extrace]]u]ar]y there 1s

an equa] s11ght excess of pos1t1ve 1ons (cat1ons) These positive . ,"

"o

and negat1ve charges g1ye r1se to the membrane potent1a1 ThEi'

sodium. pump transports pos1t1ve1y charged sod1um lons to the exterior

-~

/
-oflthe cell. Even though.there is s]ow leakage of the sodium 1ons

back to the-1nter1or, the bu11d upvof posit1ye chargeS-outside the B

. o -
..

S
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’atrioventrxcu]ar va]ves into the ventr1cu1es The conductive system

' geﬁl is enough.to create a membrane potential of = -85my (resting

_ membrane potentia])  If the membrane of the myocard1a1 f1ber remains

und1sturbed ‘the restlng membrane potentla] rema1ns at -85 mv,
<

‘ ,however, if there is a sudden increase 1n permeab111ty to sod1um,

" a sequence of rapid changes occur 1n a fract1on of a mlnute .

(1n1sec) before return1ng tb the rest1ng potent1a1 th1s sequence

- s cal]ed the ' act1on potent1a\" It is 1n1t1a11y accompan1ed |

by 1nrush of sod1um ions into- the ceT] and the 1ns1de of the ce]] o

';nmy become positive, th1s is called. ”reversed potent1a1" )

/ ' v
“depo]ar12at1on“. Almost 1mmed1ate]y»a?ter depo]ar1zat1on the pores

of the membrane again become almost tota]]y 1mpermeab1e to sod1um
ions and the Na pump returns the inside of the cell negattﬁe

(repo]arlzat1on) When an ‘action. potent1aT occurs thereiis a Jump

4

‘to as h1gh as 105 mv which means that there is a reversa] of potent1a1

or overshpot” of 20 mv beyond the rest1ng potent1a1 [

Each time an impulse is generated in any s1ng]e f1ber of

“the S-A node, it spreads 1mmed1ate1y 1nto the surround1ng atr1a1

'at a ve]oc1ty of 0 3m/sec As the cardiac - 1mpulse trave]s through

‘the atria, the atr1a1 musc]e contracts, forc1ng b]ood through the

\

,15 organ1zed so that the card1ac 1mpulse w11l not travel fronfthe

_‘ the atr1a to empty,the contents 1nto the ventr1c1eg before ventricu1ar

contractwon beg1ns It 1s the A V node and 1ts associated conductive

f1bers that de1ays th1s transnnssion of the, cardlac 1mpulse from

B 1
. 4 (- . N\ .

:atr1a lnto the ventr1c1es too rap1d1y, th1s therefore allows time for o

B muscle The atr1a1 qiscle in turn conducts the s1gna] 1n a]] d1rectfons -

27
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| atr1a 1nto ventr1c1es The Purklnge f1bers that lead from the/k v
‘node through the bund1e of His (or H1ss) into the ventr1c1es have

.funct1ona1 character1st1cs that a]]ow fast transmxss1on of lnpulse . ol
through the entire ventricular system, which- causes the ventrlcles o
to contract synchronous]y A smal] proportlon of the assoc1ated
extrace]lular currents spread a]] the way to the surface of the

” body (F1gurev9)

" Figure 9. Cardiac muche Current f]ow through the fluids .

- surrounding a strip of cardiac muscle that has been depoIartzed SR
~at one eénd. The depolarized end has negative extrace]lu]ar : B
'°potent1a1 re]attve to the po]ar1zed end § . :

o There are large e]1pt1ca1 pathways of current that spread
1nto the surroundlng extracellu]ar f1u1d due to. the two areas of

B opp031te potentlal If an electrode is p]aced on the negatlve side

of the cardlac muscle gnd one-on the p051t1ve s1de there will be ;,3 -
a-potentlal dlfferenc!ﬂ%theen the two areas If the e]ectrodes are

- placed some d1stance away from the hearts or. cardiac muscle (A &~B), L

o



- 29
,but w1th1n the field of the f10w1ng e1ectr1ca1 current, a potentia1
 difference will still be ‘recorded, If the Tine through points A
and B is cons1dered as-a resistor,. the electro]yte so]utlon being
conduct1ve but st111 hav1ng a reasonab]e amount of resistance to .
the fTow of current there w111 be a potential between A and B. st
4p01nt A and B move c]oser together less and less potentia] d1fference
occurs. Another factor that affects thﬁ potent1a1 d1fferences 1s
'fthe'areas that are depo]ar1zed and-polar1zedr Thellarger-the areas, di"
the.mOrevcurrent‘that flows throughhthe=resistance§'therefore; o
:maxtmum potentialjoccurs when'1/2 of. the cardiac‘muscle ts depo]ari;ed
.and the other 1/2 of the card1ac muscle is sti]l po]arized 4 |
}.h Now cghs1der the heart in the chest cav1ty surrounded by
body fluids wh1cn conduct electr1c1ty very readtly The heart 1s s"
_-suspended in. a conduct1ve med1um, and when one portton of the '
v ventr1c1e becomes e]ectronegat1ve 1n reSpect to the rema1nder of
'.,the heart e]ectrtca1 current f]ows from the depo]ar1zed area ( )'-Li.j:h'.‘hj
“'to the po]artzed area (+) in large circu]ar routes, through the o ;-‘
‘whole body. In the norma] heart the current f]ows primarily from :
-the base towards the apex, during a]most the entire cyc]e of ' .‘
depo]ar1zat1on Therefore if a meter is connected w1th 1ts positive fv: o
"electrode towards the apex and its negatimg electrode towards the
L base the meter w111 record posit1ve1y durihg the entire cyc]e (hff'dwf
two- e]ectrodes are placed on the surface of the body (points A and B)
:the f]ow of current around the heart w111 cause a potent1a1 difference ;ﬂ5~5hh
between the two e]ectrodes because A is nearer “the negative part ;

of the ventr1c1e than 15 e]ectrode B In doing ECGs on patients f'



- the:electrodes-are-p]aced on the Rt and Lt arm and 1eft 1eg;i

' thereby measur1ng the potent1a1 dlfference between hese po1nts
H The ECG ‘tracing that resu]ts 1s cal]ed the P, QRS and '.ves;‘
'tThe P wave is caused by the e1ectr1ca1 current generated as the
.”atr1a depo]ar1ze pr1or to contract1on <QRS is caused by currents
_generated when the ventr1c1es depolar1ze prlor to contract1on and
VT waves are caused by‘current generated as the ventr1c1es recover -
from the state of depdlariaation 1 o D
o The e]ectr1ca1 current generated by the cardlac musc]e o
'dur1ng each beat of the heart changes potentlals and polar1ty in
h ]ess that 10m sec therefore equlpment 1s needed that will respond

to these changes  The potentlal d1fference to be measured is of
" the order of a millivolt; therefore a sens1t1v1ty of a fract1on of
a millivolt is- needed Amp]1f1ers with h1gh ga]n end with 1ow
"1nterna1 no1se shou]d be used Interference ar151ng from power line B
is frequent]y a source of dtff1cu1ty |

It was necessary to put the mouse 1n a shie]ded cage in

.order to obta1n a coherent no1se free s1gna1 Short leads from. the ERRES

., cage to the 1nput of the h1gh gain amp]ifler were a]so used An alternate

"nethod wou]d be to used a. d1fference anp]ifier (94) Power 11ne nofse
h:1s due” to currents that ex1st 1n the ground connectlon associated

,w1th a]] amp11f1ers rece1v1ng energy from the power line .Ingi‘5”

S8 dlfference amp11f1er the grOUnd termanal 1s not used as one of '

the pa1r of 1nput termlnals connected to the points where the potential J?f!g

- d1fference is. sought, but 1s connected tot%g 1ndifferent point such

30
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as thé right Teg The input terminais are'connected to an"

o oppOSite pair of eiectrodes on the Rt and Lt arm or in our case on
ldeach side of-the grafted heart Therefore power Tine 1nterference '

appears as-a so caTTed “common mode 51gnaT" between these terminaTs

_and ground The difference ampiifier is de51gned to attenuate the h’:'

'.common mode 51gnLT wh11e ampT1fy1ng the input (eTectrocardiogram)

The ratio of ampiifier gain for the de51red 51gna1 to gain for’

common mode 51gna1 is caTTed common mode reJectlon Since common
:.mode 51gnals may be of. an order of magnitude Targer than the eTectro- -

';icardiogram, a common mode reJection of 10, 000 is de51rab1e Some‘= ’i

eECG machines eiiminate the ground connect1on by using transistorized

Hequipment that operates on batteries

A probTem that 1s present at the cTinicaT ]eve] and was

' fﬁ_present on the mouse modeT was muscTe tremor or ear- tw1tch Muscle

' ff‘tremor artifacts contain frequency components thCh extend far :;- 4.1.7313' :

'beyond those of the ECG, therefore the 51gna1 to n01se ratio can ; S

,:,be 1mproved by a chOice of. fiiters thCh eiiminate as much of the

i.thh frequenc1es a§ p0551b1e without sacr1fic1ng the ECG signaT

ECG 51gnais conta1n frequency componehts exceeding 2000 Hz but most
.:_conventionai ECGs do not pass comaonents much above 60 to 100 Hz.
.ﬂtherefore a restr1cted bandwidth can be used to record the ECG

| One thing that has to be watched at the cTinicaT TeveT is not to
.c'm1ss some smaTT notches wh1ch can be clinicaily significant.,:»':dﬁ“ .
| The: s-T segment and T wave-are Tow frequency phenomena.”nd?}:iigttiﬁff
d<therefore the amp 1f1er must pass frequencies as Tow as 0 T Hz g?gtbtffff~’f ’

"~'to obtain these portions of - the ECG

: s
: IR



The e]ectrodes used to record from the surface of the ‘

}'Sk]n are an 1mportant part of the measurement of any b1opotent1a1

:jmeasurement such as the ECG (F1gure 10)

SILVER/SILVER CHLORIDE PELLET

..,///(/ =5

00000000.'"
:[:ZZZZZZQyL . __—ELECTROLYTE GEL

‘OUTPUT LEAD

o ELECTRODE~\\\\
v//l

ADHESIVE___
~ COLLAR .

\
>
[=
q

9
Q
o
o

T————EPIDERMIS
\DERMIS

"Figure. 10. . ECG eiéetrodé S1]ver/s11ver ch10r1de e]ectrode with .

| _g;sﬁosable adhesive co11ar show1ng act1on of e]ectrolyte gel on"e

| Sk1n is- a mu1t11ayered structure exh1b1t1ng a trans- »il'

| cutaneous 1mpedance of the order-. of magn1tude of 1 to 100 KQ

:iTh1s 1nmedance 1s hlgh1y capacit1ve and res1st1ve w1th a1most no o

1nduct1ve components The ep1dermis (f]attened dead ce]]s ) has |
a very h1gh electr1ca1 res1stance whi]e the dermls (cuboida]

'»,v1ab]e ce]]s) may be cons1dered a vo]ume conductor The best

: ; measurement of voltage at the surface of the skin requires that | _

'fhe blopotent1a1 be transferred to the amp]ifier'without attenuation,

dlstort1on or dr1ft.. Th1s 1s best accomplished when interface

(source 1mpedance) 1s as. low as p0551b1e The~1nput 1mpedance of

t"the amp11f1er shou]d be- h1gh, at 1east ]00 to 1000 X the source

o 1mpedance wh1ch in-th1s case 1s the 1mpedance between the derm1s
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‘fand the'amp]ifier input * When the ratlo of amp]1f1er 1nput

’1mpedance to source 1mpedance is h1gh very T1tt1e power 1s
| transferred from the sk1n to the amp]1f1er Th1s 1mp11es that a

-~m1n1mum of current per un1t area (current dens1ty) f]ows through
.the sk1n e]ectrode and then to the amp11f1er 1nput The wire or -
cable between the e]ectrode and the amp11f1er must be sh1e1ded
'j because a Targe amount. of no1se will’ be generated 1f even a minimum -
_i of electrOns are 1nduced to fTow through an extrene]y h1gh 1nput h‘,:; y:' ;,{.

‘J1mpedance Th1s 1s obvious when 1t is remembered that the vo]tage

| =;}1s equa] to the current t1mes the 1mpedance (Ohm s Law) therefore

: put the h1gh 1mpedance 1nput stage as c]ose as possible to the

| “e]ectrode

' ‘.contact w1th the derm15 The so]der jo1nts were p]aced 1nside

- “, There are many types of e]ectrodes, sta1nless steel
i ]ates, etc, wh1cn are strapped to the 11mbs The prob]em with
'neta111c e]ectrodes when used on dry- sk1n, is: that they have an '_” L
1‘1mpedance of 100 000 ¢ 1n the frequency band of the ECG which ‘a“fff
-1 °Hz to 100 Hz The eTectr1caT sk1n 1mpedance can be 10wered | L
'..by us1ng a hlghly concentrated saTt (3M) paste between the electrode :_] ) o
-_and the sk1n The paste can. Tower the electrode skin 1mpedance fiffj.gfhbeaf
= 1000 Q Another method used 1s to rub the skin until red et
| remowe some ep1dermls) or puncture the skin w1th a pin befbre S »
| "app1y1ng the paste thereby mak1ng a better contact with the dermis.;f,;:lf!ﬂf*?\
piThe system that was used 1n the mouse mode] was to use p1n eTectrodes

,& )

and penetrate r1ght through the ear thereby making a very good

"pjthe W1re cage to further ellmlnate outside noiset w1th the above setup




1t was poss1b]e to record the e]ectr1ca1 act1v1ty of the trans—
:b'p]anted hearts w1th T1tt1e no1se interference A

US1ng the above mode] it was poss1b1e to ‘Show. that
»organ1zed t1$sue more comp]ex than heart vaTve LTSSUE,C0u1d be m

B cryopreserved The modeT aTso showed that myocard1ac ceTls arel | .9¥\

‘ ,_better preserved with certa1n cryoprotective agents than others.

o M1crowave was also shown to be as effect1ve for thawing the samp]es =

"Tfas water bath athation v o u )
FREEZING AND THANING OF FETAL AND NEONATAL MOUSE HEARTS

The foT]owlng sect1ons descr1be the method used in freezing

‘and thaw1ng feta1 and neonata] nnuse hearts, w1th dlfferent protective

'agents and freez1ng rates The hearts were thawed in either a ;t;l
5'm1crowave (MN) or'a convent1ona1 water bath (NB) from -196°C to jéi‘if. o
‘ ‘fe1ther 4°C or room temperature FoTTowing the freeze-thaw 1isu1t.-

’fithe hearts were 1mp1anted 1nto syngeneic reciplent aduTt (6 waeks | |
A55'or older)mTCe ETectr1caT act1v1ty of’the grafted heart was stud1ed ,j, o
iis up to ]20/days the actuaT pertod depending upon the objective of

k:the experiment The hearts were examlned histdlogicaTTy after removal.t»;4

"_The 1mp1ant surviVes by diffusion of nutrients but does not work

pumo The format1on of the diffusion ‘aths was aTso stud1ed

»'i"jwhat was done to the hearts be1ng examined -
| B | Ireezzng Pregnant Balb-c mdce were used throughout* hese::

':experlnents Nhen using a fetus of seventeen to_nineteen days}gestatio
| ~!5* Dr J. B. Dossetor. Cha1rman of Transplant Innunblogwsh77r



fr:o; w:pe p]aced under the atr1a at the base (Figure 13) The hear

a m1d11ne 1nc151on was made on the mouher and fetuses and placenta .

removed by hysterOtomy (F1gure 1])

F1gure 1. Pregnant mouse. n Ba]b-C mouse N
. at nineteen days: gestation- show1ng the fetus '{ LR

_ ~inside the uterus o : R

Taking the p]acenta 1nsured the fetus stayxng a}1ve for a 1onger : "L’sf=of{g”h
per1od of time fo]10w1ng hysterotomy (F1gure 12) Each fetus was |

placed in: a sa]1ne so]ut1on to prevent 1t from drylng dur1ng remova]

, v o

j" of the other fetuses. Each mother had seven to n1ne fetuses. ?Thé}f~[

heart was removed from the fetus uswng two pairs of forceps. one '

i under the sternum and the other to open the rib cage and expose the f?ﬁg5sgﬁ"*”;“&

| chest cav1ty The 1ungs remain cot]apsed therefore, 1f care‘is

taken to

them easy to 1dent1fy Once 1dent1fied, the tips of the forceps




’

~placed in chilled culture solutions whith .1imited” the warm ischemic

"

Figure 12 Ezghteen dhy fetus. The ,»;‘=+;ff
~_eighteen day fetus is seen. with the
attached placenta Tl

When neonatal hearts were used pregnant mothers were

';fiallowed to gonto term and hearts were removed from neonatal m1ce

2

'e7gfaged 1 to 9 days The mouse was anaesthetized and the r1b cage -;;f ;

| df?OPened on the left s1de of the sternum. Neonatal m1ce have'rnflated-r“*””

'ffjhlungs, mak1ng it more’ difficult to remove theeheart | Once again, ;;7?

36

.;;after ident1fy1ng the heart the t1p of a small forcep was Placed on;‘}af:"

,”each s1de of the atr1a at the base, and the heart plucked out




-

Figure 13 Eetal heart The fetus w1th
c . chest cavity’ openetldand the forceps on each
'.”‘;;_* - side of the atria: at the base of the heart

’w“\There were vary1ng amounts of atr1a1 t1ssue but in. a11 cases the

iventr1c]es were 1ntact The exc1sed heart was p]aeed 1n a chi]]ed

. &

”~cu1ture so]utlon gﬁfst ﬂ"‘.;f7»'lf,;5a=i {;fg,\ﬂ{l__ ieo j‘;_;

o

‘“‘The ch111ed cu]ture so]ut1on not on]y 11m1ted the durat1on

of warm 1schem1a but washed b1ood out of the chambers as the heart

continued to beat for a short per1od of t1me after be1ng placed 1n

= The hearts were then transférred from th1§ in1t1a11y LR
ch11]ed solutlon to one of three so]ut1ons., A) Eag]e s Minimum_;f-ffw‘

3
Tae L.

37

_ Essential Med1um (MEM) conta1ning Hepes buffer, }o% (V/v) fetarﬁgf7";f3;tf:““‘
R TS



15_3equ111brat1on of the so]ut1?

;fNCalf serum; 1% (v/v) g]utam1c acid, pen1c1111n (]OO unfts/cc) and
: sfneptomycin (]OO-ug/cc), B) McCoy s 5a conta1n1ng Hepes buffer,

;”v/v) g]utamic_ac1d,‘pen1c11}1n -

10% (v/w) fetal calf serum,_,t
}100 units/ce) and_streptos; aayg/cc) and‘C) Crdss‘soldtion

(95)(no“feta1'ea1f-serum 0 a ‘ﬁins wene pﬁésent) -
| D1fferent ) . {dwere added to the above so]ut1ons

-at d1ffenent concentii iedlfferent rates

Dtmethylsuli» 50)* was. used w1th soTut1on Ain
10, 5. and 2.5% (v/v) co ii;ﬁ!’ ions and So]ut1ons B and c in 10%

(v/v) concentrat1ons
L

'den51ty grad1ent that 1f- je DMSO was added over. twenty mlnutes '

>

at.4e C to the f1na1 conce} jtion 1nd1cated An add1t1ona1 ten

’

“minutes were g1ven at th1s?l 1L1 conden*rat1on to insure complete ‘
ith the heart t1ssue Cont1nuous
,ag1tat1on of the solutlon waskused to 1nsure good m1x1ng
GZyceroi** was used yith so]ut1on A ata 10% (v/v)
- fcon;entrat1on ThlS protectgl At - was also a]ways added in a'.
'den51ty grad1ent but the ]’d :df t1me var1ed from.45 to 90 mvnutes
dIf g]ycerol was added over 20 mlnutes to the f1na1 concentration of
,2]0% an add1t1ona1 25 mlnutes was g1ven for equ111brat1on g1v1ng a ‘;T
tota] of 45 m1nutes G]ycero], added over 30 m1nutes to a- fina]
concentrat1on of 10% was then fol]owed by an add1t10na1 30 m1nutes ,
’i,1n one set of. hearts (tota] 60 nhnutes) and 60 m1nutes 1h another B
| [(cn3) S0 M = 78.13 Fisher Scient1f1c] R

,;** [(CH OHCHOHCHZOH) Mw 92,1 F1sher Sc1entific]

f-tect1ve agent was a]ways added ina - -

38
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' h-set'of hearts (total 90 m1nbtes) because 1t was fe]t that it may .
‘ftake 1onger for the g1ycero] to permeate myocardial ce]]s
Methanol (methyl aZcohoZ)* was added to so]ut1on A in o

10 and 5% (v/v)“concentration Methano] was. a]ways added over |

20 minutes.at 4 or 37°C to the above conCentrathon W1th 10

: add1t1ona1 m1nutes allowed fon equ111brat1on Aga1n there was

continuous ag1tat10n of the so]utlon wh11e add1ng the protect1ve _ “:‘:ch :

Ethylene gZyCOZ (EG)** was used with solutlon A in 15 | _’ o

agent

‘10 and 5% concentratlon As. above, EG was added over 20 m1nutes[v}‘:'

at 4 C and an. add1t1ona] ]O m1nutes given for equ1]1brat1on -
Dextran*** was d1sso]ved 1n so1ut1on A for 24 hr to a.

final concentrat1on of 15 and ]OA (v/v) Hearts were added d1rect1y

' 1nto the solut1on at 4°C and 1eft there for 30 m1n before freez1ng

| = Pluponzc**** was used in so]ut1on A in 10% concentrat1on

"‘Hearts were p]aced into the 37 C so]ut1on and 30 m1nutes al]owed

- for equ1]1brat1on N R f.'_,g. . :

_*'.‘ CH30§5 Mw - 32.04 Flsher Sc1ent1f1c]

[(HOCHZOH) Mw = 62. 07 F1sher Sc1ent1f1c] R

[Genera] formula (C ]O 5 AyELage MW s ]7 700D S1gma Chechal Co J(//:j |

‘ HCH20 .

' ,**** [Genera] formuT%'HO -‘(CHZCHZO) ’ IH "l (CHZCHZO) WsH '
_ .CH, e
) . o 3 b N S ‘\ L

average W 8350{1/ BASE Wyandotte Corporation]

: <



ControT grOups of mouse hearts;were‘?séd  In each
.part1cu1ar case the protect1ve agent was added to the. hearts and ,
‘ these hearts were not frozen but 1mp1anted into syngenewc mice

and fo]]owed for e]ectr1ca1 act1v1ty The experlmentaJ hearts that

| had the protectlve agent were p]aced in a 15 ml g]ass bott1e a]ong -
with 5 ml of the above ment1oned so]ut1ons (thure 14) The sma]]
ixﬂiﬂei were capped and p]aced in a prech1]]ed freez1ng un1t ~
.(L1nde BF-4- 1)(F1gure ]5) The L1nde un1t was ca11brated-for each |
5gfreez1ng:run Once a]] the hearts were 1n the c0011ng chamber w1th ;
"'one samp]e used ana reference for the contro]]er they were frozen
- at d1fferent freez1ng rates as descr1bed be]ow Hearts frozen in

DMSO methano], ethytene, p]uron1c and dextran were. frozen at

' mean‘rates between 0.5 to. 0 7 C/m1n When the latent heat of fus1on _
AN

.. was g1ven off the mach1ne was put on overr1de~to 11m1t the t1me

40

.‘the sample was exposed to the e1evated temperature Th1s compensat1on )

took = 5 m1n The mach1ne was then put on automat1@ and a. freezing

rate of O 5 to 0.7° C/m1n down to -100°C . The temperature between -;1 .

" the freezing point and -100°C+was mon1tored every 5 min on a

etemperature potent1ometer and a record kept (Flgure 16)

| The hearts frozen 1n g]ycero] were froien at 0 5 to 0 7
X

',20 and 200°C/m1n.s The reason for th1s was “to try to maximize surv1va1

4

_1 Once hearts (regard]ess of protect1ve agent) had reached ~100°C they ‘

*

were. transferred to 11qu1d n1trogen vaporeand coq]ed at 10 to 20°C/nnn f

6 L

down te -196°C where they were stored for 1 to 10 days

In one group of mouse- hearts, the above procedure was ?f

"protect1ve agent Th1s group was used as a control to determine

s

. e
~ : »‘
'

'fo]1owed except that hearts were p]aced 1n so]ution A wh1ch had no ,A"

'a; :

[
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YN"

»

what percentage,if any, would survive without a protective agent.

]
Figure 14. Heart inside a 15 ml vial. o .
The heart is shown in.a 15 ml glass v1a1 e S

“with §° m] of protective agent
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Figure 15. Freezing chamber. Inside of the
freezing chamber is .shown with the"thermocouple -
which runs the contro]]er. The‘capped_samples
‘can a]so be seen.. -~ - S

) -



e gy

figdre“16 freezzng system. The hearts are placed 1ns1de the“;

“cooling chamber (A). The freezing rate is controlled by-the

. controller (B) and_ the temperatures of the samples are recorded-.,'f

on the Jpaper. recorder (C) or by the potent1ometer (D)

e

43
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- .
Thawzng )gs ml samples, each conta1n1ng a fnozen heart,

\

were thawed elther by p]ac1ng them.in a 25°C water bath or by us1ng

a 2450 MHz, 0 to 2 kw microwave sy;tem (F1gure 17)

i

[

."‘Flgure 17. Mtcrowave thawtng system A - cavity doorkjwith interlock5~«* L
- and ‘tuning ‘posts. B - side wall with antenna and -power coupling unit. L
€ - power monitor on transmission:Tine. D - mechanical for OSC111ating-,-rH_;:;
_tuentable. £ - magnetron power supply. . and control systems. F.- 2 kw - .-
(Philips) 2450 MHz magnetron encased with protection systems. 6 - =
- turntable rack. for sample holders. H - mesh facing on.inside’ caV1ty S
- ~wall to 1ncrease wall loss and enhance coup11ng ‘1,3 - variable. wr~'_};$'.'w;
' ,speed dc driving shaft through wave trap K 1ndependent1y adjustable B
in speed Co e T | A



The mlcrowave heatlng system consisted of a cav1ty having |

dimensions 48. 5 X 38 5 cm, wh1ch gave rise’ to a large and fairly

evenly. d1str1buted number of modes of resonance over the bandwldth of

" the magnetron, when the cav1ty is very l1ghtly loaded (97) The stripllne |

o coupllng the transm1sslon line B to the cavity in’ Figure 17 1s not

shown l" the. Flgure, but is one of several antennae tested The* o

0r1g1nal des1gn for this fam1ly of mult1mode coupling arrays used _

'l 1s due to Johnston (98) Orie 1n particular gave satisfactory results o

-
-

(s

N

for a wide range of small frozen loads 1n the.cav1ty, prov1ded these f a

Toads were moved through the electromagnetic flelds in the cavity

in a rapid fash1on, the sample follow1ng a spinning set of

”elllpt1cal orb1ts _ F1gure l7 shows the\method of rotation used

the'r rotat1ng tbrntable dr1ven by motor I, is oscillated by motor J

. .through a flywheel and lever Although the method 1s rather crude ;"

- for' 1 rge Organs (99) Frozen samples were placed on the teflon L

'and an arb1trary predeterm1ned set of path lengths and veloc1t1es

'was used the method has proven to be surprlsfngly effective even

[

jrotat1ng arm and osc1llated up and down Power was fed to the cav1ty

‘..by the rad1ator from a 2450 MHz magnetron The power output could

'“,be var1ed from 0. l4 to 2 0 kw Stat1onary water samples were 1ncluded Ap* C

: :1n the cav1ty to 1ncreasqathe load thereby protectlng the

back to the magnetron, the technLqUe provided a usele method for ‘
un1form heat1ng of samples of d1fferent shapes and s Zes although 1.'

the phenomenon remalns unexpla1ned ‘the small sample when rotated

' "1n the fash1on descr1bed absorbs the energy stored ln the resonant

e

45

kmagnetron Although a h1gh percentage of the energy was stlll reflected e



B .thawtng before re1mp1antation 1nto syngene1c nﬁce, stx to siXtéen
R weeks of age The recipient mice were anaesthetized with 0:08 -

0.15 m] of one in four dnutmn of dibutol (60 mg/ml). 1ntra-

46

eavity. . In these exper1nents, mean heat1ng rates of 2éi°0/min
:were used to thaw the hearts from 196°C to-10° t 10°C The |
e]ectr1c f1e1d strength experlenced by the hearts 1s assumed to vary
:7_ffrom zero to- values near breakdown (30 000 v/cm) during thawing '. Q‘

’ T1ssue samp]es were agitated wh11e being thawed 1n the '
‘water bath at thaw1ng rates around 150°C/m1n In most cases the .
samp}es were thawed to Just 4 C to 11m1t the suBsequent warm

| '1schem1a - ’{

‘ReimpZant&tion Hearts were p]aced on. 1ce (4°C) fo]]owing

e

| yiperwtoneally, the dose being Judged by the weight of the mouse |
i’*About ftve m1nutes later, the right ear was cleaned with alcoho] kk '_
.:and a sma]l pocket formed by b]unt dissection (Figure 18) | s
kgfrOne frbzen—thawed heart was p]aced 1n the pocket (Figure 19)
' ha1r from the pocket was expressed and the 1ncision wtped with a]cohol
5I.The left ear was marked using holes rangtng from one to five, to ; f*x
| "1dent1fy each mouse in a parttcu]ar cage | :}" f ' |
L Assay of graft fhnctton.” The graft cou1d not be assessed
‘as a pump, however, e1ectr1ca1 act1vity was eva]uated by eiectro--~=-“ ,‘a'..,
:-,'cardxography'and contractibi]ity could be seen d1rect1y through l?L_;‘~l

i;the sk1n of the externa] ear with a dissecttng mtcroscope (Figure 20)



: K

/ Figure 18 Trans Zant
sma]l pocket formed by

ﬁ

ocket. The ear of the mouse 15 seen with
Iunt d1SSEct10n.-

L
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“Figure 19, Transplanted heart The frozen thawed heart seen in
~ the opening of the small pocket (left) Pocket closed and wiped
- vw1th alcohol (mght)

‘.'I'.!‘ &



1':i\graft (Figure 21) : To ensure good electrical contact the need]e.ﬁd
e pUShEd through the ear, thEVEby making contact with the_dr'nﬂs

- .and 1ower1ng the ear to e]ectrode resistance to z 1000 9(100)

Figure 20 Grqfted heart The beating
“heart as seen under the d1ssecting
m1croscope X 4 R e T

T“e test aninal vas : put to sleep with dibutal The. mouse "'

was p]aced 1n a f1ne mesh copper cage which was grounded to the
base of the recorder, mak1ng sure no gound loop Occurred The 1eads

from the cage to the 1nput of the amp]ifier were short and also

sh1e1ded The short leads and 1so]ation cage were used to m1n1mize
"‘any externa] no1se from the ECG tracing P1n electrodes were used

S to record the e?ectr1ca] act1v1ty by p1acing them on each side of the

M‘f:The e1ectrodes were so]dered to wires which went to termina .

49




u‘f”i""adult rec1p1ent s heart beats the ear could be cut_v’“

"f ‘: R So
inside'wa]1-of the'isolation~cage.v.The outpUt‘Of these termina1s.

~were fed to the 1nput of the h1gh gavn amp11f1er hav1ng an. 1nput
. 1mpedanceof 5 meg ohms The output of the amp11f1er was: fed Fo"

- a Str]p chart recorder and osc1lloscope (F1gure 22)

a-'F1gure 2. Pon eZectrodea.a The pin
~électrodes. can be. seen on either. side
of the heart, with the 3rd used as.a. .. : IR
_;reference e]ectrode.v SR S .._".“. ";‘ ‘ .,'}_"‘ e

._‘ e

b

The beats of the hearts were first fo1lowed on the scope and when

a good trac1ng seen a sample was taken on the paper recorder (thure 23)

“To prove that the record1ng was JUSt the grafted heart and not the

from the
”“an1ma1 wh11e ‘the p1n e]ectrodes were still in p]ace and:a record1ng
f°made (F1gure 24) The grafted\hearts were tested every seven days

'f;for per1ods of 30 to 90 days. Follow1ng this test period, the ear

z _\-
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was cut off and the graft removed for histélogy. - SN

[

).‘

Figure 2. wc monztorzng system.- The mouse 1n'the'copper cage with
the output of the pin-electrodes fed. into a high gain ampﬁﬁer, 1ts
utput 1s fed 1nto a. scope or: paper recorder.,‘ L
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F1gure 23. E’C‘G traezng A pos1t1ve ECG
tracmg of‘ a. frozen thawed hear‘t
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LT

TR T ECG OF GRAFTED HEART ,

 EARON MOUSE L EARALONE

: F1gure 24. ECG traczng of cut offdear To ensure that the record1ng
‘was that of the grafted heart,the mouse was connected to. the ECG

.Vmach1ne and a traging made; the ear-was cut off and the traC1ng
‘continued. AfterQﬁg\m1n the- beat strength decreased to zero Ch

:
. _ HISTOLOGY ' | N

| Rout1ne hematoxy]1ne and eos1n sta1ned preparat1ons were

'.prepared for assessment of tlssue damage, 1n compar1son w1th contro1s, jl‘ :

using a + to ++++ gradlng system ot was normal and ++++ was

\comp]ete ]oss of~structure.a Syncyt1um, nuc1e1 ahd fibre cross T';‘;;f,@[*',

’str1at1on were graded separate1y Arb1trary criter1a of damage had A“}?['f'

.to be revised as the t1ssue had been subJected to var1ous 1nsu]ts 5

‘,under c1rcumstances wh1ch prec]uded the norma1 1nf1ammatory response}; "ﬁ

to t1ssue 1nJury responses.wh1ch are norma]]y med1ated by-bio-'f |

"f‘:chem1ca] sué;%:hces (wh1ch are re]eased 1nto the b]ood which attracts

'ffce]1s and causes’ 1nf]ammat1on)



e

Each s]lde was a551gned a genera] overa11 grad1ng

7 \

'Av>r v1ab1e n - not v1ab]e“ 5 Vlab]e is used here to 1ndﬁcate

Ce the card1ac ce]]s 1ooked as. 1f they cou]d live . 1f reimp]anted

'another very arbltrary assessment but carrIed out by 1nd1v1dua]s

who had no know]édge of what had been prev1ous]y done to each heart.

’ N . . - B :‘."
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 EXPER
. - Microvave
Table II. J
. -
Immersion Time (hdurs)‘
Fluid - -stored at
; . -196°C
A 72
A 72
B 72
B 216
c 2
¢ 72
D 216

wa' microwave thaiving
- WB: water bath thawing

ok change in denominator - mice died

Table II:

implantation.

© As contro]s, Balb C mice received direct syngene1c ear

tranSp]ants of unfrozen feta] hearts

Thawing
_ Method
'Mw'
'wB

A
,;ANB,

Mi

WB
. WB

s water bath.warming.

Mchowave vs water bath warming.
of syngeneic ear-implanted fetal hearts, surv1v1ng 6th and 55th days after .

AL RESULTS ON FETAL AND NEONATAL MICE

The results are given in

Electr1ca] Act1v1ty

6-15 days  16-25 days
16/27  59% 16/27 ~59%
810 . s0r 7710 708

77 0w -

6/11 5&% |

0/5' /5

s o5
o e

o/

These initial experiments show comparison between four
solutions used for freeze preservation, and two methods of thaw1ng

95% of these control tvansp]ants

S

had e]ectr1ca1 act1v1ty by the Sth day an& cdnt1nued to funct1on for

= per1ods in excess of 90 days

- >30 days
12/27 84%
"8/9%  89%
\Y
- 6/ 86%
6/11 * 55%
.0/5} \
0/5

"The number and percentage,‘

In prev1ous experlments (10f) e]ectr1ca] 4

act1v1ty of s1m11ar transp]ants had ex1sted for.perlods in excess of

one year.
S

¢ .

. The recovery of electrical attivity;ﬁor-the frozen—thawed

 “hearts_is shown in Table II.

‘.

Tk

- 55

“Such activity was monitored at intervals
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over the per1od of . 6 to 30 days after 1mp1antat1on As in the contro]
groups those hearts wh1ch had surv1ved the 1n1t1a] per1od after graft1ng
cont1nued to beat in excess of 90 days There_were rio d1fferences in .
| e]ectr1ca1 activity between control.jmplants_and those which had

| survtved freezeethawing,bwhen ana]}sed for the-haturegofathe electrical
“comptexes or the1r rate. : S o - L ",dg‘ :

: Q; 2 The resu]ts show. that so]ut1ons A and B, Eag]e S MEM or d

McCoy S 5a, both also conta1n1ng 10% fetal ca]f serum, 10% d1meth1y— ,:‘\\s
sulfox1de, and Hepes buffer, permlt s1gn1f1cant surv1va1, 1n contrast 3\’

~to ‘'solutien C (Cross soTution with 10% DMSO but not conta1n1ng Hepes ]

buffer or fetal calf serum) and solution D (Eag]e s MEM,-with feta] d 2

bcalf serum and Hepes buffer but not conta1n1ng DMSO) Thus, if.the,g o
results for so]ut1on A"and B are pooled the overall survaal'between-- '
6 - 15 days is 37 of 55, or 67% and at more than 30 days is 32 of 54

or 59% No surv1va] was ‘obtained w1th so]ut1on C or D. .,

From these resu]ts, 1t is conc1uded a) that both DMSO and |
fetal ca]f serum méy be 1mportant components for surv1va1 of feta] - [;fx
_mouse hearts exposed to freeze thaw 1n3ury,,b) that m1crowave thaW1ng
’1s as effectlve as thaw1ng 1n a water bath and encourages the hope
‘that 1t may be effect1ve W1th larger tissues where water bath thaw1ng

wou]d certa1n1y be 1neffect1ve, and c) that th?S'model can‘be used}to

g assess.d1fferent'cryoprotect1ve agents and‘freeze-thanng techniques on -

lsurv1va] of a mu1t1ce11u1ar organ thCh is at the upper 11m1t of '
;’for nutr1t1ona] surv1va1 by d1ffus1on and neo-cap1]1ary 1ngrowth, i. e Vn P
.the upper limit of s1ze for surv1va1 w1thout the need for direct

’vascu]ar anastomos1s at time of graft 1mp1antat1on
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A

Fetal and-rneorzatal hearts' frozen\in different protective
agents As contro], Balb-C m1ce rece1ved d1rect syngene1c ear -

transp]ants of unfrozen, neonata] hearts ‘These control hearts

o were 1mp1anted after the add1t1on of the various protect1ve agents

over a period of 30 m1n at’ 4° C These hearts usual]y showed norma] N
e]ectr1ca1 act1v1ty by the 5th day of the transp]ant and cont1nued

for periods in: excess of 30 days Thecgraft was then.removed for-h

. h1stologjca1‘stud1es

: The recovery of the e]ectr1ca] act1v1ty of the frozen~ :
‘thawed hearts after treatment with d1fferent concentrat1ons of
var1ous protect1ve agents is shown in Tab]e III 15% and 10%
concentrat1on of EG (v/v) are protect1ve, but the t1me for resumpt1on -
of e]ectr1ca] act1v1ty fo]]ow1ng transplantat1on is longer than for ‘
the contro]s, and the amp11tude of the beat is appr0x1mate1y 50% of

- the contro] 5% EG on]y gave 36% recovery when fo]]owed for more than
\

| two weeks after 1mp1antat1on w1th the amp]ltude of the beat be1ng 1/4

) -

/
. week W1th a fall to 50% of the contro] in the third week ~The -

| of the control

-

11 10% and 5% /v methano] added at 4°¢ and 37°c over 30 min ,'

' was not tox1c to the contro]s but these concentrat1ons offered no

cryoprotect1on DMSO was most protect1ve at 10% concentration with
the amp11tude of the beat be1ng the ;same as’ the controls 5% DMSO

gave e]ectr1ca1 recovery of 87% and 85% in the f1rst and second

contract1on strength of these hearts was less than the contro]s,
DMSO at a concentrat1on of 2. 5% onJy gave 1/3 the protection of 'A4
10% DMSO “Dextran (mean MA = - 17, 7OOD) gave 89% recovery in the controls

57
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'tested in the flrst week, but ne1ther 154 or 10% gave cryoprotectton
to frozen thawed samples Plurontc F68 (mean MW -‘8 3500)(96) :
i added at- 37°C was ‘not tox1c to the controls but aga1n IOA gave no

. cryoprotectnon to feta] hearts. G]ycero]'at-IO% concentrat1on was

. not tox1c when added over 90 and 60 min at 4 c, and 30 min at 37°C'

‘ (Tab]e IV) The amp]1tude of the beat was comparab]e to that of the -
_ other contro]s The 10% g]ycero] added over 45¢ 60 and 90 min at 4°C o

gave poor surv1va] of ‘the’ frozen thawed hearts w1th the amp11tude
of the beat 1h those that had e]ectrica] act1v1ty being 1/3 of the ¢
contro]s QDThe g]ycero] added over 90 m1n at 4°C gave a 11tt1e stronger

beat Var1at1on of freez1ng rates of 20°C/m1n and 200°C/m1n with R

g]ycero] (added over- 60 min at 4°C } also gave poor reCOVeryt It‘was";

'Jonly-when 103 g]ycero] was added at 37°C (over 30 min) thathQOOd .

recovery comparab]e to DMSO and EG occurred W1th the amp11tude of the o

beat being'a ]1tt1e stronger than EG but not as strong as the DMSO

preserved hearts (Table IV)(F1gure 25) '
Neonata] m1ce hearts from day ] tg 9 weré fro;en 1n 10%

ﬂ DMSO (Tab]e V). gAfter 1mp1antat10n of neonatal heartslday 1 to day

5 good e]ectr1c

v'iv 1n the second and th1rd week The strength of the beat was 1ess than o
. _the fetal contro]s,vexcept the day 1 neonata] w1th 5% DMSO g1v1ng thetf_.

o same beat strength Imp]antat1on of heart tissue obtalned 6, 7 and 9.dh

. days after b1rth was assoc1ated WIth good recovery of e]ectr1ca1
act1v1ty On]y 1f the hearts were sectroned 1n ha1f before being B
transp]anted ThlS probab]y 1nd1cates that poor reéovery was;due to

1nadequate d1ffus1on of metabo]tc nutr1ments into those larger hearts

¢

] act1v1ty was ‘seen at week 1 but this then dec11ned .
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.. - _- - =0 —.v-’ — =~ = ®<+Frozen 10% DMSO

o , Frozen 10k‘GL
N - -‘.1;(added over 30 min
- at 37°C

Frozen 15% EG -

-
. A

ﬂFrdzen'TO% EGf:

A M<cFrozen 5% DMSO

jf//‘:_'j R '?\\tf;s; © Frozen 103 GL .
Y SR Jadded over 30
/ <. ~m A nin at.4°C

~ o \'Frozen 5% EG -

'\ NFrozen 108 6L
'\ -added over- 45 g
\min at 4°c

rozen 2. 5%
' DMSO

el o

Figure 25.

'5175f-‘?‘ 05 .. 2050
S Days after. Transplant )

Plot of arts of Tables III and Iv. Gly@erol is as.
protect1ve as DMSO and EG when added at 37°C L SO
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- and remova] of metaboT1c end products In the frozen thawed group ‘

the same trend 1s seen Good recovery occurred with 1 to 5 day o]d i

'”'neonata1 hearts, w1th a detrgase in the second and third week fol]owing
' transp]antatxon The 6 7 and 9 day neonata] ﬁearts gave good

<‘recovery on]y 1f they were cut in ha]f before transp]antation. and

"even then the beat strength was decreased as compared to the. contro]s

‘ 'Thus, even post—nata] larger hearts surv1ve the freeze thaw 1nsu1t
'»;when Supp11ed with suff1c1ent nourtshment to sustain tissue |

v1ta11ty : R , .
Examp]es of hlstoiogy slldes are shown 1n Figure 26 27,
"4128 and 29 Frozen thawed hearts that had good e]ectr1ca1 activity

- had good h1sto]og1ca] 1nﬁegr1ty when compared to contro] histology

“,for each group Large hearts showed an outer rim of v1ab]e cel]
o w1th an 1nner necrot1c centre Non-v1ab1e hearts showed overaTI
. ﬁnecros1s of the graft with osc1fication 1n some areas |

The 1nterna1 carot1d of some of the mice were cannu1ated

. . -and the vesse]s 1nJected with m1crof11 Figure 30 shows the .“

‘]circu1at1on of the ear with the sma11 capiTTary suppﬂying nutrients ’

to the transplanted heart
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- Figure 26,
- hearts. ' A)

- syncytium -
. BJ)* Control
.syncytium -
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Glycerol (10%) added to control and ‘frozen-thaved fetal.

- Frozen .in 10% glyceral -added at 37°C.  Interpretation --

3, nuclei = 2. ‘General. comment - "Probably viable".
‘with 10% glycerol added at 37°C.: Interpretatio

on -
39]”UC161,-:].-‘Genera]lcomment:__UViab eu...v T

X:100.% Hematpiyline'andﬁgosintv
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nguré 27. ContpoZ and. frozen—thawed fetaZ hearts wtth ZS% EG‘ '

" added. A A) - Fetal hedrt frozen in 15% EG.- Interpretation: _;‘_;A f o
syncytium - 1, nuclei £°2. General comment. -~ "Viable": " By
"Controls: with 15% EG added. Interpretatzon - Syncytium - 2, S

T:‘nuclel --2. General comment ”Probab]y v1ab]e”.
X 100. Hematoxyline and eqs1n.
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Figure 28. DMSO (5%) added to controls and frozen-thaved fetal ~ .
‘hearts, A) Frozen in 5% DMSO. Interpretation - syncytium - 2, - -
cnuclei - 2. General comment - "Viable". B) .Control with 5% .- R .
'DMSO added. - Interpretation - syncytium -.2, nuclei - 2. General Wﬁg L 3
- comment - "Viable"... X 100. Hematoxyltine and eosin. A

@“ . - . . w"



Figure . 29. Nzne day neonatal control whole hé&rt A 1arge who]e
heart with a necrotic centre and viable outer layer of ce]]s

- Interpretation of outer layer - syncyt1um - 3, nuclei - 2. " General

comment - "V1ab]e“,v"Inner is Necrot1c c X IOOH
Hematoxy11ne and eosin.
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Figure 30. Microfil injected heart. Th¥y
’ . circulation of the ear is seen with the fine ,
negik(ork_ going into the tranpslanted heart. = .-

o . _ . Lo : S S



' _ of poss1b1e 1nterest, 1t was arb1trar11y dec1ded to chose a convenlent

. DISCUSSTON
In our search to estab11sh poss1b1e methods for the
hpreservat]on of mamma11an organs in a deep frozen state, and thetr
J subsequent recovery, we have prev1ous1y conc]uded,that e]ectro- o
magnet1c energy 1n a lTimited frequency range is essent1a1 for both E
the un1fornnty of . thaw1ng and the contro1 of the thaw1ng rate (99)
From a cons1derat1onrof the penetrat1on.depth of the wave, frequenc1es

~in_ the range from 500 to 5000 MHz (5 to 50 X 108 oyc1es per sec) are

}“.
:-'frequency in the middle of th1s range 2450 MHz ) It has been shown
1"that mi crowave thaw1ng at th1s frequency 1s ‘an acceptab]e nethod for <
recover1ng tissue cu1ture cells from 11qu1d n1trogen storage (102) and |
’ that, in the case of canine k1dneys, perfused WIth for examp1e, ' |

10% (v/v) DMSO and f]uorocarbon unlform1ty of heat1ng from 79°C to

20 + 10 C is poss1b1e (99) The mfcrowave 1nsu1t 1s not npcons1derab1e
in these cases: to ach1eve thaw1ng rates above 100°C/m1n in an adu]t
organ the absorbed power dens1ty 11 of the order of 10 watts/gm Thes |
e]ectr1c f1e1d strength assoc1ated with the wave corresponds to an
average #alue just less than 100 v/cm, its actua1 value - for- any thawing
rate depend1ng upon as yet unknown d1e1ectr1c quant1t1es which others. 1 o
’ are also attempt1ng to measure R jfi“ L %? R 'd' | ;" 5
The e]ectr1ca1 f1e1d strength varwatlon exper1enced by a ;
"thaw1ng heart w111 vary W1de1y as the 1 mm organ 1n the 5 ml sample M
‘f;1s rotated random]y through the resonant electromagnet1c f1e1ds of \

the cav1ty, whwch is resonant in many_(>20) modes Only a-very )
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small fraction of this stored energy is absorbed in the heart
} | _ener >OTDe

' -_and"the solution in which it 1s’frOZEn‘ corona discharge was

observed in parts of the cav1ty, 1nd1cat;hg the presence of high
1oca1 e]ectr1c f1e1d strengths The absorpt1on of energy 1n the

‘ samp]e 1ncreases very rapid]y above -10° C; in a m1crowave caV1ty 1t

- was_not possible w1th the equ}pment avax]ab]e to monitor the rate -
between, for examp]e, -60 and —15 C (poss1b1y the most. critical range
_in freezing and thaw1ng) Consequently a mean~rate (from -196°C to
+10°C) s11ght1y above that possible in a water bath was estab]lshed
in order to mdke. a comparison: the rates for the water bath and the
: microwave-thawedfhearts souid‘he about the same in the -60‘to.-]59
range. - o | o

| | The. resu]ts reported in this thesis show that the surviva]
~of e]ectrica] act1v1ty of - frozen feta] mouse hearts occurs w1th micro- ' d‘ se
wave thaW1ng in a mu1t1ce11u1ar system This 1s apparent from study1ng

a 11m1ted nunber of hearts There is no sign1f1cant-d1fferenoe_between
"the two methods of thawlng However, soTutton‘A&and E'are c]ear1y.
'swgn1f1cant1y d1fferent from C and D and th1s was the basis for using
the model to test d1fferent crﬁbprotect1ve agents | ‘ J
i. p ~ The model has proven to be very useful for the test1qg of -
.d1fferent protective agents on myocard1a1 syncytium As shown 1n
theo11terature (9 ) EG and DMSO are protective even at Tow con-'
~centrations? G]ycero] 15 as protective as DMSO and EG but only 1f

it is added at 37°C however 5 and 10% DMSO g1ves a stronger beat;'

fo1low1ng 1mp1antat1on Th1s wou]d seem to indlcate that, at’ the L

1ower temperature egcero] does not permeate ce]ls even 1f 904m1n :



N

s ‘allowed ‘for equiTibratton The other agents were not-cryo-v
.protect1ve th1s cou]d be due to a 1ack of d1ffus1on of Dextran and f}'
.F68 into the t1ssue. None of the protect1ve agents were tox1c to
control transp]ants In neonata] hearts, size became a cr]tiea1*,y,r
o factor, good surv1va1 be1ng obta1ned only if ‘larger hearts t day -

6 -9) were cut 1n half, H1sto]og1ca1 examination showed that the
Alarger 6 7. and 9=day old who]e heart 1mp1ants had “central necrosis
.but apparent]y V1ab1e outer zones in those hearts W1th measureab]e
.electr1ca1 act1v1ty (F1gure 29). ~The DMSO EG and g]ycero] o

t‘protected hearts had h1stologtca1 1ntegr1ty that was. the same as

the controls.

SUMMARY - I
Hearts removed from 17 - 19 day feta] and 1 - 9 day neonatal
-°m1ce were frozen 1n 11qu1d n1trogen and tested for e1ectr1ca] act1v1ty

' after rewarm1ng After exposure to var1ous cryoprotect1ve agents,

jr_hearts were coo1ed at O 5 - O 7° C/m1n and at 20 and 200°C/m1n to

-100°C and then stored in. 11qu1d n1trogen for per1ods between 72

and 216 hours. Exposure to contro]led m1crowave at 2450 MHz or

1mmers1on in a Water bath at 25°C was used in thaW1ng Histological

‘f ’exam1nat1ons were performed after e]ectrwca] act1v1ty (QRS) had |

Avbeen stud1ed for periods in excess of 30 days after subcutaneous d-.. .
-1mp]antat1on 1nto the ear of syngeneic aduTt m1ce EG DMSO and f:;:‘
ag]ycero] appear. equa]]y protect1ve provtded that g]ycero] is- added o

ooat 37°C. Methano] although non toxic at those-concentrations; |

7



which will protect'tiSSueYCu1tufe cells, ddes not offer protection
“to thiswtypé of‘organ1zéd tissue., None of the high mo}ecu1af

weight:compOUnds tested of fered cryoprotettioh,in:this;system.

" .Diffusion of both protective agents and nutrients have been shown.

to be limiting factdfs}in the surviva]vofffroien—thqwed neonatal |

hearts between 6 -9 days of age.

.12



. CHAPTER IV

ISLETS OF LANGERHANS FROZEN TO <196°C -



INTRODUCTION _
The 1ast and most comp]ex tissue looked at was the 1s1et
».of Langerhans from adult animals Th]S organ has the comp]ex function
| ':.of regu1at1ng the b]ood glucose. Ofﬁ;art1cu1ar 1nterest and importance; e
wou]d be techn1que to preserve funct1on, after fireeze- thawtng, the e
h ce]]s in the 1slets that are responsib]e for 1nsu11n secretion, the. -

"}beta ce]]s‘ Long term preservatlon of adequate numbers of histo-”

-“'compat1b1e 1s]ets 1s a prerequis1te to any attempt to manage

o dtabetes me1]1tus in man by 1slet transp]antatton If Organ size

(gr t1ssue th1ckness) represents the d1ffusion 11m1t either for

:cryoproteet1ve agents or nutr1ents, other organs in this size range

: g1ve h0pe for banking In the progression of . organ s1ze and comp]exityf v

 (fetal heart.=1x10° cells, is]et =10,000 cells), the islets are within

" ‘these boundar1es, and are of extensxve c11nc1a1 sidﬁtficance This :

LA

- Chapter descr1bes the freez1ng_and thaw1ng of 1s]ets using perifuston L

.»as the in vitro test and 1mp1antat10n as the in vtvo test

| METHOD AND MATERIALS ‘ |
In a]l eXper1ments, non fasted wtstar ma]e rats ranging

| -v*1n we1ght from 200 to 260 gm were used. In a]] experiments. controi v

" rats; anaesthet1zed w1th d1buta] (0 04 mg/gm weight), had' the 1s1ets

V.harvested as 1n the experimenta1 group.» The.is1ets from these animals

shou]d have optimum 1nsu]1n secret1ng potenttal to which the L
'}:exper1menta1 groups can be compared PRER

. . '.".,v
. 14



Isolatwn of’ Islets of‘ Langerhans 2 The is\et‘S‘were'-'

BERSS

harvested from the pancreas us1ng a mod1f1cat1on of ‘the method of

‘ ,hLacy and Kost1anovsky (72) The rat was anaesthet1zed w1th d1buta1

\

the abdbmen was shaved and paanted w1th 1od1ne At 1aparotomy the .

' duodenum was farst 1mmob1}1zed to fac1]1tate cannu]at1on of the

x common bale duct A ]1gature of 4 0 s11k was t1ed where the common -
blle duct enters the duodenum and a snap attached at the end of the o
tie for subsequent tract1on The duct was exposed JUSt below the
‘gunctlon of the: hepat1c duct and a 4- 0 s11k p]aced around the duct,

: ?or subsequent use in h°]d1Q9 the cannula 1n p]acé(F1gure 37) With f1ne | |

~.1r1s sc1ssors the exposed area, of common b11e duct‘Was 1nc1sed

o after.app1y1ng tens1on by the d1sta1 duct suture ' A PE#O po]y-

ethy]ene cannu]a was 1ntroduced and t1ed 1nto the duct w1th 4 0

”s11k 15 m] of Hank s balanced sa]t so]ut1on (HBSS) at 4°c was.

-1nJected 1nto the pancreas via the cannu]a‘. Th1s d1stends the pancreas S

,:rand d1srupts the ac1nar t1ssue (F1gure 32) The d1stended pancreas

. was. dlssected out of the an1ma1 and placed 1n ch111ed HBSS Us1ng

"'small scissors the pancreas was mlnced up 1nto sma]] 2 - 4 mm frag-

vuments ' The m1nced t1ssue and solut1on were then transferred to'a .:':

50 ml con1ca1 centr1fuge tube placed on. 1ce, and a]]owed to settle for
pbtwo m1nutes Supernatant was removed and the t1ssue washed twice ‘_u' .
w1th 30 ml of ch111ed HBSS al]ow1ng 2 m1n for sedimentation of the ot

o fragments between washes Fo]low1ng the final wash there wou]d a]ways

g ' be 2 5 to 4 0 ml of m1nced tissue If the sample was non sterwle, '

| 16 mg of co]lagenase (Type I S1gma) was added If the samp1e was f:'ti
2 ster11e co]]agenase(12 mg. per cc in HBSS)was passed through a O 22 '
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m1]11pore f11ter and then 2 cc added to the m1nced t1ssue \fhe"
.p: con1ca1 tube conta1n1ng the minced pancreas and co11agenase was hfa o
transferred to a §7 C water bath and ag1tated v1gorous]y by hand ‘:
‘unt11 the ac1nar t1ssue was d1gested from the 1s]ets Th1s d1s- .
- rupt1on took approx1mate1y 15 to ]8 min. The d1gest1on proé%ss was
d} stopped by add1ng 30 mT of ch111ed (4°C) HBSS to the tube and then
,ftﬁplaced on ice to a]]ow sed1nentat1on Fo]]ow1ng th1s 4 - 5 m1n
Asedimentatlon per1od supernatant was remomed and the t1ssue E
diresuspended 1n ]0 m] of chil]ed HBSS and decanted‘hnto a. 15 m]
:fcon1ca1 centr1fuge tube and 5 min a]lowed ﬁor sed1mentat1on Th:-7"' B
aE supernatant was removed 1eav1ng 1 m] of. d1gested acinar tissue - .'hgf:} :l‘ﬁ/;a
Cand 1sletS nf , z_;"dj.; ”i'ci .flC>&.?.‘ : ,;‘__“.{*i't' »_~p..;i:iﬂn..‘;‘r;<;;
T ., A d1scont1nuous dens1ty grad1ent centr1fugat1on was used_sh . i
‘:to separate ac1nar tlssue from 1s]ets C11n1ca1 grade dextran of.
y {average mo]ecu]ar welght (170 OOOD) was d1ssolved in- HBSS 1n con-;t
. centrat1ons of 32, 24 18" and 10%(w/v) In ster11e experiments dextran
R was autoc]aved and then p]aced in. the refqlgerator for 24 hr
7f_fD1gested t1ssue was resuspended in 32% dextran so]&tion to a volume R
1of 7 m] Two ml of 24% dextran‘yas carefully Iayered on top to give
Cooal total of 9 ml fo]lowed by 2rm1 of’18% (to 11 m1 vo]ume# anH then
1 f}to 2 m] of 10% glv1ng a tota] of 13 m1 The tube was qentrifuged
r-‘for 15 min at 800 9 | Dur1ng th1s the 1slets usua]ly moved up to the

v e,
.10 and 18% dextran 1nterface, w1th a Iarge‘number also-at the 18 and*

o 24% 1nterface Is]ets at these 1nterfacep Were usua11y very c]ean,";ee;;;fr":a

'H'fthough some nodes and ducti] e]ements were found at the 18 - 24%

plfh1nterface The 1501ated is1ets were then transtrred to the 50 ml



_IEOnica] tubes and washed thhnMininan'e;ééntjay Medium (MEM) -
 containing 10% fetal calf serum (FCs) (v/v) andrpenci11fn (100
h.'un1ts/cc), steptomyc1n (100 pgm/cc)vand-QTutamine‘(1%)v(v/v).
:Th1s harvest procedure took approx1mate]y 90 nun . o
| Is]ets used for cu]ture were harvested under ster11e 1,‘
cond1t10ns Pancreat1c exc1510n and ac1nar d1gest1on was done N

under ster1]e cond1t1ons, u51ng ster11e glassware and all solut1ons

'~passed through a 0. 22 u m1111pore fi]ter. '

vh’%"Fiere 31 Common btle duct zsolated and cannulated The Rt s
;jjpicture sﬁows the exposed commori bile duct.” . The left p1cture.; ﬂ R T
~;the PETO po]yethylene tubqng tied in p]ace in the duct o e T T




g m1 depend1ng on the concentration of DMSO
"were resuspendeq in . the supernatant./;\1  ,
S unt11 reaeh1ng requ1red concentrat1on bf 7 5% dr 10% (V/v)

‘"f‘:1S]etS in 10 m] of so]ution were placed 1n sma11 freezing vaals and

3 \_'Figure 32 Dtstended pancreas Theftwa,picturesvshow'the[pancreas"iﬁﬁ
e _;d1stended w1th 15 mi of HBSS JE LT -

Fo1low1ng the fxna] wash of relat1ve1y pure 1s]ets, the

h'f50cc tube was centr1fuged at 1000rpm for 10 m1n to form a pe]let

;of 1s]ets on the bottom Supernatant was removed to 9 25 m1 or

«gywbe§Qpeg Is}ets o

g/ g

»v-‘.g". ,"‘ o
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‘ ,s]ow]y frozen (O 5 - T°C/min) down‘to.-100°C'and then-at'20°6/min

[ to -196° C (ThTS system is the one described in Chapter II)

| SampTes were. stored at -196 C for periods of 1 -7 days foTTowed |

by thaW1ng ina 37°C/water~bath The DMSO was removed from. the isTets

uby a: stepWise diTution over a period of 30 min at 4°C to a final -

fc ncentration of . 75% DMSO The' diluted isTets in- some cases were
anCU ated for 48 hr for supposed]y optimum metaboTTc recovery |
| Pertfueton of tsolated telets of Langerhana The..
J—iitechnique of Lacy et a] (103) was used for perifusion of isoiated
.TS]et tlkangerhans The term periquion denotes supp]ying ;“"
vnutrients to an’ organ not VTa the vascuTar system, but surrounding
the organ With the perfusate and aTTowing the nutrients to diffuse B
;.1nto the ceTTs . The maJor component of the apparatus (Figure 33)
n-is a stainless steei 25 mm reusable mil]ipore fi]ter chamber into 7
pf.which the experimentai isoTated islets are pTaced u51ng 24 mm, 5 - :
"imicron pore 51ze~f11ter paper To the outTet of the chamber is attached
; a piece of STTastic tube (2mm ID) thCh passes through a peristaltic
'] pump caTibrated to give a fTow rate of 1 ml/min' to- the inlet s -
.‘ ttached a. Similar piece of tubing which asperates the perifusion.
.' soTution from a beaker The chamber, tubing and beaker are all in iy

a 37° c water bath The priming voTume of the system is = 3 mT and

.',:therefore 3 an 1ntervals are required for a change in the perifusion -

: ;so]ution to reach the end of ‘the out]et tube which was used as the )

-,f 51te of. sampTing

-~ :

Two perifu51on soTutions were emp]oyed both consisting of

:Z'HBSS w1th aTbumin (0,5%) (v/v) but where one had 30|ng % quéose, the -
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~ other had 300 mg %. 30 mg % gTucose solution was used for the first
60 min of per1fus1on, dur1ng wh1ch tlme the islet beta cells are
: %

':be11eved to*become “stab111zed" w1th no st1mu1us for 1nsu]1n release,

At 60 m1n the perafus1®n so]ut1on was changed to the 2nd so]ut1on

'»wh1ch contaxned 300 mg % g]ucose in HBSS and’ aTbum1n Th1s‘cohcentratione

'1of g]ucose 1s a strong st1muTus for secretTOn of 1nsul1n The Wholé
per1fus1on_§bquence was carr1ed out at 37°C and the pH of the so]utlon

"fma1nta1hed at 7. 3 to 7 4 with b1carbonate If "the so]ut1on became too-

-alka11ne, a m1xture of 95% air and 5% CO2 was bubbled through 1t

s -

ol

- Figure 33. ' Perifusion system:.: The 1n1et of the f11ter ho]der~'
" (with islets) is conpected with,a silasti¢ tube that.goes to. the
© flask holding the perfusate. The outlet goes through tHe pump -
. -and.into the collection tubes. The fllter holder and pgrfusates Co

- are 'in a 37°C_water bath. - I e O T

-~§ ﬂv; _ ;‘J . fzwi‘L: V:;rgi‘:.;l;il,tettf{ef ;’tif .gﬁ;
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| For each study, 1so]ated islets. that had been frozen-

'thawed and cultured for two days, or islets that had JuSt been
: frozen and thawed were perlfused 1n para]1e1 w1th fresh 1s]ets
Is]ets were p]aced on. the m11]1pore f11ter paper v1a the 1n]et of

‘ the chamber.. Care was taken to insure that all the air was removed‘
i,,from the system | v
K ~ Samples. dur1ng per1fus1on were . co]]ected from the out1et
“tuang as shown in F1gure 33. Two per1fus1on sequences were emp]oyed
~ The one'1n F1gure 36 shows a double st1mu1at1on, in .that 1s]ets were
per1fused with 30 mg % g]ucose for 60 m1n, then cha11enged with |
300. mg”% glucose for 80. m1n fol]owed by a change to a non- sttmu]at1ng
yllevel of g]ucose for 95 min and then recha]]enged for 100 m1n ; The
2nd per1fus1on sequence consxsted of 60 m1n non st1mu1at1ng per1-' o
fusion fo]]owed by 300 mg % g]ucose 1nsu11n cha]]enge for 130 m1n,mi~'WM
‘ g1v1ng a tota1 of 190 min per1fus1on BackgroUnd 1nsu11n 1eve]s were _{
‘:determ1ned on- the solut1ons before the onset of perifusions A1 '
samp]es were 1mmed1ate1y frozen fo]low1ng co]]ect1on for subsequent
1nsu]1n assay ».} IR .:_-, | BRI -1?:

Fo]]oW1ng term1nat1on of per1fus1on, the. f1]ter Was removed

g —

{

| from each chamber and covered w1th 1% Neutra] Red Sta1n(1n HBSS so]ut1on)

[N
X

“for 10 m1n after wash1ng w1th HBSS, sta1ned 1s1ets were counted under '

ra dwssect1ng m1croscope at 15 X magn1f1cat1on : In contro]s, 1nd1vidua]
1slets were sta1ned an 1ntense red and appeared g]obular (Figure §4)
Frozen thawed 1s]ets, in some cases,_dld not take up sta1n as readi]y

} as contro] Only dark]y sta1ned g]obu]ar 1s]ets were counted in: these »‘h‘

.suexperiments, Count1ng was performed 1ndependent1y by two 1nd1v1duals f’:

. L .
-



end then averaged.

.‘\

v -

Flgur‘e 34. Stained islets. Is'lets that Lo
have been sta1ned with neutra] red : Lo e
. b3 S

P
-

_ . B C S S : - .'jf
InsuZzn determznat;an The éontent of 1nsu11n in each samp]e o

taken dur1ng derlfus1on was determ1ned by a mod1f1cation of the radie-’: f
' 1mmunoassay techn1que of Hales and Rund]e (104); us1ng the reagents

and protoco] of the. Schwartz/Mann Insu71n Rad1o1mmunoassay K1t

~with' some mod1f1cat1on ':f ;'-”;j | ‘7 jf' | | |

| The pr1nc1p1e of tn1s radic” mmunoassay 1s that the un-

i“'1abe11ed 1nsu11n 1n say, a per1fus1on samp]e reacts w1th specifﬁ

; 1nsu11n anthody Th1s cdmplex is then made into a ]arger co :

, by the second ant1body& made aga1nst.the 1nsu11n ant1body when the"

PERAH



vFigure 38. . Normal harvested islets. DMSO was added slowly over
30 min to a final concentrat1on of 7.5% (v/v) at 4°C." Following
this addition of DMSO it was stowly temoved and then "repared for
electron m1croscop1c exam1natlon. Plate 1.
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Jatter-is used as an antigen Ald this occurs in the first period '

-of 6 hr at 4°C. Th1s Iarber compiex rema1ns in suspension and its

125

1nsu11n'mo1ecu1e (un]abe]]ed) can exchange with J insulin

\

,mo]ecu1es, compet1t1ve]y in proport1on to concentrat1on This

compet1t1ve interchange occurs dur1ng the 18 hr- per1od at 4°C.

4 \

After this second refr1gerat1on per1od the 1arger comp]exes are

"4

prec1p1tated by centr1fug1ng The amount. of 1nsu11n in. the un-

known is found by’ compar1ng 1ts spec1f1c rad1oact1v1ty to. a standard:

curve, wh1ch is prepared by add1ng vary1ng amounts of un]abe]]ed

L]

1nsu11n to the appropr1ate quant1t1es of 1abe11ed insulin and anti-

body b1nd1ng s1te The reagents used in the Schwartz/Mann Radio-
.
f1mmunoassay Kit:

1) 0.04M phOSphate buffer |
2) 0. 04M phosphate buffer w1th 500 mg . bov1ne a]bum1n powder,

Fract1on V, in 100 m1 BRI , .
' )

3) Insuli (Human) standard so]ution 200 wU/ml R
4) ’Insu11n b1nd1ng reagent wh1ch is porc1ne 1nsu11n antiserum

~raised in gu1nea p1gs, and prec1p1tated w1th anti-serum to
. / -

" guinea pig immufioglobulin (Ig6) raised in rabbits.

5) Insulin('?°1) ¥s porcine insulin 1.25 mg/ml and labelléd with

0.125 yCi1'25 . R  9 o )
6) Per1fu:}on_samo1e — _
| © PROCEDURE - . |

The assay was carr1ed out in 12 X 75 mm po]ystyrene
;.test tubes. Po]ystyrene.tubes have no aff1n1ty;for the anti- .

body under the conditions}oi the assay and'a]so can be’safe1y

wy
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/Table VI. Tube 1 determined “the back¥rqund radiOactivity of this;.

. 1ncubat1on per1od to allow I

84

L ) g | L o .
taken through the centrifugation step. A1l aliguoting of réagents.

,  Wwere performed with Oxford Sample Micropipets.

The initial stage'in the assay was to combine unTabeTTed

/)human 1nsuT1n standards or unknown sampTes with the- b1nd1ng agents

ﬂ and an ;appropriate amount of phosphate buffer to make the vo]ume

of the reaction m1xture = 200 p]. The voTumes added are shoun 1n

.system Tube 2-9 were used to coastruct the standard curve, which

was performed in tr1p]1cate Tube 10 represented the unknown peri- '\ o

A
fusion sampTes, measured in dup]1cate Each fu]] assay 1nvoTved

200 tubes cons1st1ng of 4 background 24 standards and 172 unknowns

These react1on m1xtures were 1ncubated for 6 hr at- 4° C before
(1251) to alTow for Targe compTexes to form in

solution, thus TOO ul of insulin (1?5 ).

adding 1nsu11n
was added to each tube '
wh1ch was “then. placed 1n the refr1gerated 4°C Gamma counter Packard
Gamma Sc1nt111at1on Spectroneter model 578)‘for a further 18 hr

125 1nsu11n to 1nterchange compet1t1Ve1y

v w1th insulin in the Targe comp]ex and dup]1cate counts made on each

tube to obta1n tota] counts per m1nute (TCPM). FoTTow1ng the 18 hr,

T ml of phosphate buffer was added to each tube and vortex mixed.

i The tubevaere then centrtfuged at‘4500 ) for'20 min at 4°C.. This .

was used to prec1p1tate the ant1gen ant1body compTexes \ The super-
natant was. gentTy decanted off: and the tubes recounted 3 times in

- the gamma counter to g1ve res1dual counts per m1nute (RCPM).

?
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Tube * Insulin Insulin Binding Phosphate CTCPM . RCPM ¥ .
# Content Standard Reagent .' Buffer -~ corrected corrected Bound -

(uu) <‘(u1)- - (el 't(u]) L -
1 o . _/ | o 200 1040 = background

4o e aw @
5 20 0 1°¢ o100 256 1oe a0
750 25 .y1d0d:- 100 “'}§§§~ - }§§§8~ 1w .
Cvoe0 s e w0 820 e
s 200 0 0 s 2w i

10 unknowr 2?1000 - 100 Lo T |

Tab]e' V1. E‘xperiméntdl" protocol.

Caleu lations for amounts olf insu lin. in- expemrnental saméles.’
The total .counts’ and the res1dua] counts per min are now known for n':
each tube. The RCPM in tube 1 is the background rad1oact1v1ty of
e the assay The average was taken and subtracted from the tota] CPM -
and the RCPM to give corrected tota] CPM and corrected res1dua1 CPM.
To f1nd the percentage of 1abe1]ed 1nsu]1nbound to the b1nd1h§3ﬁeagent
"d1v1de corrected resudua1 CPM by corrected tota] CPM and mu]t1p1y by
T0. o | o

Corrected Res1dua] CPM X 100
Corrected Total CPM

L‘The standard curve is constructed by p]ottlng on semtlogar1thm1c graph
. N . ' /

Percent Bound =



T

paper the percent bound vs the known standard 1nsu11n (uU/tube)

added in tubes 2 to 9. (Fagure 35).

- N
- PN T '.", ' l , .
© 04 - 1.0 2.03.0 50 10 20 WU Insulin/tube - -
Figure 35. Standard Curve ‘hVaiues,takenf -

- from Tab]e VI.

‘ The percent bound for the per1fus1on samples was compared

w1th the standard curve and the amount of insulin . (uU/tube) was '
-found A d11ut10n was used wh1ch was 1/40 of the unknown, there—
fore each unknown: was mu]1p11ed by 40 to get the 1nsu11n concentrat1on

(uU/ml) ~ The f1na1 concentrat1on va]ue for each per1fus1on samp]es

86

o



87

- was taken as the average of the duplicate samples which were used to

get insulin secretion (uU/isTet/min).

Transplantatiod: One Lew1$ rat made d1abet1c by 1nject1hg
streptozotoCTn'(65mg/kg) into the femoral vein, Was exam1ned for
severaT weeks foTToWing'the 1nJect1on The rat Was placed ina

metaboT1c cage and urine voTume, urlne gTucose and: weTght loss were

N measured da1Ty Blood g]ucose was aTso done on a weekTy basis.

iTh1s rat was . then transp]anted with frozen thawed lsTets that had

been harvested from 4 Lew1s rats These 1STets Were frozen

sTowTy in 7. 5% DMSO and stored at -196°C for several days, foTTowed

. by thaw1ng ina 370 C water bath DMSO was removed by a'stepW1se -

'dllut1on The 1sTets -were grouped together spun down sTowly and

\

“the supernatant removed Teav1ng 3 mT . The peTTet was resuspended

’fand drawn up: ina3ce sernge and pTaced on jce. The pethoneaT

°-cav1ty of a d1abet1c rat, anaesthet1zed w1th d1buta] was opened by '

1dT1ne 1ncws1on and the portaT vein 1dent1f1ed The islets were :

‘1n3ected through a-22 gauge needTe into the. liver: v1a the portaT

’f]ve1n Once- the. needle was removed gp] foam and pressure was appT1ed ~

€

ffor 1/2 hr to stop bTeed1ng The abdomen was closed in. two Tayers o
: and the post operat1ve cT1n1caT course c]oseTy observed us1ng a'

,metaboT1c cage to perm1t ur1ne colTecx1on Ur1ne voTume “urine gTucose

- and we1ght were measured da11y and bTood gTucose was done weekTy

EZectron mzcrOSGOpy  An eTectron m1croscop1c study. was.

done on a group of 1sTets harvested in the usual manner The controT

'group "had DMSO added sTowTy over 30 m1n to a f1na1 concentration

of 7. 5% at 4°C. The protect1ve agent was’ sTowly removed by a stepwise :

- -

»



rdilution to a finaT concentration of 0.75%. These samples were -

"vthen f1xed in gTuteraTdehyde and prepared for eTectron mlcroscoptc
exam1nat10n The frozen group also had DMSO0. added to 7.5 r? and then
sTowTy frozen to 0.5 to 0. 7°C/m1n to. —TOO C and then at 20 C/min
'idOWn to rT96 C where they were stored for 24 hr The sampTes were .

‘then thawed ina 37° C water bath and DMSO sTowTy removed to O: 75%

i These 1sTets were processed for eTectron m1croscopy 1n an 1dent1caT

c

manner by Dr T.K. Shnltka _ A_v‘ ~._> T ,1

| hESULTS |
UPerifusion From ‘the exper1menta1 procedure out]1ned
~two measurements were made 1) The number of- islets of Langerhans
f after:sta1n1ng by neutraT-red 12) The insulin eoncentrat1on Jin
~ each tube obta1ned from the standard curve, subsequentTy corrected
for both per1fus1on fTow rate (1 mT/m1n)and backgrodnd 1nsuT1n '

content to enable 1nsuT1n secret1onrate to be caTculated, us1ng

-~

"tQS\fEETUIa beTow S | 5 '_ :,ut"‘ R

"InsuTin Secret1on(uU/isTet/min) TotaT 1nsuT1n concentrat1on -
background 1nsu]1n concentrat1on (uU/mT) X fTow rate (mT/mln)

s number of 1sTets ” e |

_If pTots are made)of 1nsuT1n secret1on aga1nst tlme, ,omparison can
‘be made of ‘the dynam1cs of 1nsuT1n sec?&tlon of each :j:::)mentaT

jgroups of frozen thawed frozen thawed cuTtured k1TTed and controT

- The mean secret1on vaTue of severaT exper1ments of 1dent1ca1 protocoT
| t_were grouped together F1gure36 shows the responses obta1ned when

' double st1muTat1on w1th gTucose was used to compare the function of )

\ L
e o i!
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~ uUINSULIN/ISLET/MIN,

N

L CONTROI. ]

\ ....raozmnswmsonmwzo CULTRED
" =<~ FROZEN (7. 5% DMSO/-THAWED - NON CULTURED
= KIUED R

<

ye——r

110 130 150 170 190

10 30 S0 70 %

ARSI AN AN SR DR S S

210,230 %0 270 TIME (min.)
B(X)mg?oGLUCQSE N

] J.-f.j~~'l‘
. . .

R}

s

~ Figure 36.
- fresh isTets (4---—) #

thawed-cultured (@ 0)‘ + 0.0
.thawed-non-cultured (m—-—u) :

:0.03 < SE < %

Standard error, .

e N

(o-—o) SE

- [ 20mg% GLUCOSE | 300rig® GLUCOSE 30mgRGLUCOSE

Double stwmlatwn (30 - 300 mg7) of tslets.,
0.34:
< SE <+ 0.34:
25 < SE < #

1

Norma]
“Frozen (7.5% DMSO) -
“Frozen (7.5% DMSQ) -
1.6 K11]ed 1s]ets

89




W ., :

’ _.curve'was obta1ned from severa] exper1ments Is]ets which. had been';-”

- even after 270 min“of per1fus1on and better than those wh1ch had not

- »}_

.90

‘tWO cryoprotected groups of“fs1ets Each group was cryoprotected by
*7 5% DMSO but. in one group, after thawing, there was a per1od of 48 .

hre of t1ssue culture prior to per1fus1on and glucose cha]]enge Each

(4 o
}

cu]tured for 4§)hr after thaw1ng were secret1ng as we]] as the contro]s,

'/

'been cu1tured S : IR B : S

Insu11n secret1on rates from unfrozen fresh 1s]ets, ki]]ed

~— :

islets, and 1s]ets wh1ch had been cryoprotected by e1ther 7 5% or

\

- 10% DMSO (b efore freeze thaw1ng and subsequent cu]ture) are oompared’ [I/"'

f'in'Figure 37. The curves in every case are the mean of several

‘ M

experiments. A single hfgh‘g]ucosé‘tha]]enge was used. The frozen

(7‘ A and ]0%'DMSO) thawed and cu]tured group secreated 1nsu11n at

_the same rate as ‘the contro]s The frozen (7.5% DMSO) thawed non- A' jEi::::;r?

E cultured group secreted 50% 1ess insulin than fae control Is]ets,

wh1ch had been k111ed had an 1n¥t1a1 washout and a 1ow no- 1nsu11n,

. response Tt 1s therefore apparent that frozéﬁbthawed cu]tured
islets reta1n 1nsu]1n'secret1on that 15vcomparabTe to. the normal - _‘»\ |
. contro] response wh11e*the non -cultured group has shown less : “}dz

. response to the g]ucose cha]]enge '.<:;- S

1
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' INS'ULI‘N/,ISLET'/MIN

05

. Py

4,00 1 ‘
3,75 1
3.501

--a-- CONTROL - -, L

. ) +++@+ FROZEN (7. 5% DMSO) - THAWED - cuuurzso
, \ o~ "] -—u=FROZEN{10%.0MSO ) - THAWED - CULTURED.
L —e— FROZEN (7.5% DMSO) - THAWED - NONCULTURED

275 - - | =o—KILLED o

04 .
10 2030 40 50 60 70 80 9% 100 10 120 130 180 130 160 170 180 190
,|;—30-mg$ GLUCOSE ==} j - 300 mg% cwcoss — |

'Figufe.37 Szngle stzmulatwon (30 - 300 mg% gZucose) of LsZetSa"

Normal fresh islets (&---a) + 0.12 < SE < * 0.2: Frozen (7.5%

PMSO)-thawed-cultured. (®+--@) + 0.
DMSO%-thawed;culturedf(l-r~l)'r

- DMs0 v

- (6—0).» SE = standard error.

3 < SE < + 0.36: " Frozen(10% '
f'0.22: Frbzen(7.5%

0
0.04 < SE_<g . :
+0.08 < .SE <.t 0.25: Killed

-thawed-non-cultured (@—@)

o h
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R ,w1th few granu]es, where the c1sternae are e]ongated and occur 1n B

o
k Ta L]

‘»1n other, 1nc}ud1ng man, they appear to be composed of one or more *

" stacks. Lysosomes and t1pofasc1n p1gment granules are . re]atlvely

,abUndant in beta ce]ls The beta cells are.the source of the

“

LZectron mtcroscopy - The electron m1croscop1c f1nd1nqs.. R ¢

are g1ven in Flgure§38 to 44. The beta cel]s are more numeress

than alpha cel]s and)tend to be conceﬁtrated 1n the centre of the .
islet. - The beta cell secretory granu]es are conta1ned in dilated -
membranous sacs. In some spec1es, the granu]es are round, but

C R . ¢

rectangu]ar to polygona1 crysta]s The granu]es are extreme]y

~dense and at h1gh magn1f1cat1on they have a per1od1c internal e :g‘

structure The reg1on between the dense crysta] and the 11m1t1ng

. membrane 1s of Tow dens1ty The beta ce]]s have a round central-

nucleus that 1s re]at1ve1y smooth in contour. The Go]gi apparatusu

isin a Juxtanuc]ear pos1t1on and dense amorphous materla] was seen

,3,

in some: of the Go]gt vesicles. M1tochondr1a are 1arger and more

numerous than those of the a]pha ce]]s but the endoplasm1c reticuium

and r1bosomes are not as prominent The endoplasm1c ret1cu1um is . -

) "composed of - short ctsternae or ves1cu]ar proflles except in ce]]s .

N )
hormone 1nsu]1n, a small prote1n mo]ecu]e that 1owers b]ood g]ucose

b . EHE : 4

3
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Figure 39. NormaZ harvested tslets., “‘ - 2
As descr1bed in ngure 38. Plate 2,

Interpretatton oJ figures 38 and 39 The beta ce]]s show

exce]]ent preservat1on of the fine structure. and they cannot be

e

\
d1st1ngu1shed from similar ce]]s that have been fixed in sttu w1thw v

. 5\out prlor treatment The p]asma membranes are 1ntact and there is "3

no ev1dence of e1ther swe]11ng or d1srupt1on of m1tochondr1a, cisternae\)b“

of endop]asm1c ret1du1um, components of the Golgi apparatus, or
&

K

9




! -
. .. . . * v

’ground éubstance of the Fytop]&sm. The secretory granules are=ép§4. i
: g%téfgd in gize\dfﬁhquer. . There is a1§g no gVidenqé of lysis of b B'

the eiecfron—dénsé-cdﬁg 5f.thesé”granu1es,;or en1argmeht of the . ' <
'surrounding fc1eannzooe”. The inrier ahq’ﬁuter nuclear membranes S 4
_ are\inﬁact Qith nd c]umbing 6f the.Chromat{h material.. -

4 : o : _ . SR

g

V Figure 40. Norr}zall’.'hai’_v.ested islets.
As described in Figure 38. Plate 3. ,
o - _— ,)’ - N . .
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'Figure 41. VormaZ harvested iglet. - o
As descr1bed in Figure -38. Plate 4, - ' '

Interpretatton of I%gure 40 and 4Z There are m11d patchy
’,u]trastructura] changes in some beta ce]]s in th1s group There was
swe]11ng of the m]tochodr1a and c1sternae of the rough endoplasm1c
ret1cu1um, some ]ys1s of the central cores. of_some of the beta ce]]
‘granu1es, therefore 1ncreas1ng the number of central ‘cores with an :
angu]ar rod like or'rhombo1da1 out11ne There was m1]d'peripheral
f marg1nat1on of the nuc]ear chromat1n In F1gure 40 a dark beta ce]]

can be seen which s due to dehydrat10n. v | ;am
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- ‘ . ) I -. . . ‘/. o o . ‘ K
, : : ] ) -
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Figure 42> Broson- thiped is(éts. These islets have been harve

as described with DMSO\added 'slowly over 30 min to a final
concentration of 7.5% (v/v)y frozen slowly (0.5 --0.7°C/min) to
.-=100°C_and then at 20°C/min to -196°C and stored. The frozen
“ samples were then processed for electron micFﬁ§tdﬁcc examinatio

Plate 1. - ‘ .

€8

.

sted

n.
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£

Frozen-

18

described«in Figure 42. Plate 2.

D
.

.,

thawéd

FiQUre.43.‘
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‘F‘ig'ure 88, Frozen-thawed islets. As
described in Figure 42.- Plate3.

~

Interpretatwn of Fzgures 42 43, and 44 Ther‘e was

chy u]trastructura] changes due to the freeze thaw 1nsu1t with

“.c1sternae of the rough endop]asmlc ret1cu1um and ground substance '

:of the. cytop]asm The nuc]ear chromat1n showed moderate c]ump1ng

| and per1phera] marg1nat1on wh1ch may have been due to the fixative e

'ipatchy 1to 2 swe1]1ng of the m1tochondr1a and 2 to 3 swe]ling of -



ret1cu1um show occas1ona1 small defects at s1tes of rupture.

»volume, urine g]ucose and we1ght ga1n were recorded for 10 days

~ before transp]antat1on,of the 1s1ets and 16 weeks fo]loW1ng the

100

of e]ectron microscopic fechnique. About "50% of the<betahoe11

_granu]es have 2 to 3t ]ysis of the central cores andvmoderate

en]argement of the clear spaces surround1ng these %en@ra] cores

The plasma membranes and membranes of the rough endop]asm1c
4

v

W

Islet %ransplant'in'rat. ‘The results of da11y ur1pe -

transp]ant (F}gure 45).
25 1 N

400 |

1Y ‘

‘o - BLOOD GLIKOSE
At WEIGHT GAIN

_ \/\,\/\N ,x _, IVEH MEAN URINE vOLWE - 400
"y T T . N ‘ o B8R w A URINE LiCOSE | 350

350 1

* BLOND GLUCNSE, (mnT)

URINE GLUCOSE

6 T8 1-|o nin

C '.__pm‘ BEF QAL ,‘p,;“spum_.____w : '_ v ,-——ums m:h mnsmm mu wom( Mueo lsms e

(.‘.

F1gure 45. Condztzon of diabetic rat The one transp]anted rat was ,
followed for 16 weeks after transp]antat1on. The ur1ne glucose ur1ne o
volume blood. g]ucose and we1ght galn are shown.. : -

ST
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1

o AN \
.The dip st1ck method was used to measure urine g]ucose (D1ast1x)
Th1s gave a crude semi - quantltatlve 1nd1cat1on of the amount of
', g]ucose in the urine gnegitl!g,1mp]y1ng ng g]ucose in the ur1ne, '! A
trace = 1/10%, + = 1/4% v = 1/2%, s 14 e 22). in SRR
' _the- weeks fo110w1ng the transpTant a mean was taken of the urine |
'volume we1ght ‘gain and urine g]ucose (2%, 3 4 wou]d g1ve a o
| ;nean‘of_B 7).  The blood g]ucose was taken before transp]antat1on

’

andperjddicéle a#ter.as shown in’ the graft The genera] cond1t1on l“

- and bedy wefghtlof_the rat imprbved (F]gure 46).

Fi gure. 46 Transpianted’raf. Lt p1cture shows the transp]anted rat t.' s
(Ne1ght - 340 gm) at the 5th week. Rt picture taken at the 16th week o <::

after transplantat1on (we1ght 415 gm)



102

\

-At the end of the” 16th week ‘the cured rat was. sacr1f1ced and the

11ver EX pancreas removed for rout1ne h1sto1oglca1 exam1nat1on
Serial sections were made on ‘the ]1ver to try to 1ocate the

transp]anted iSlets (F1gure 47 & 48)

F1gure 47. Histology of trans Zanted zslets. The transplanted, R
islets can be seen-lodged on the side of .a blood vessel. Secretory - ° '
granu1es can be seen sta1ned dark b]ue (A]dhyde Fuschsin )‘X‘100 mag.

"



Yo e g 1 ; o S o P -

Flgure 48.. 0010p htstoZOgJ of tnansplanted leets.‘ The darkly _
stained secretory granules can be seenin the tranp]anted 1slets e
X 100.. (A]dhyde Fuschs1n) 5 e gk?fw

S
Y - o . B e L. . . ) ‘y

Ser1a1 sect1ons were a]so taken of the pancreas to see 1f the 1s]ets

; secretory granu]es had sta1ned purble F1gure 49)

A .
.

e w

Figure 49, IsZet f?om pancreas of transplantedArat. A faint out-
line of the jislet can be seen with no stain1ng of the secretory

- granules... X 400. (A]dhyde Fuschsm) R TRt R w

103
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A'ndrma]diS]et is Shown.in Figure 50."

T Y . . ' : . S i -

F}gure 50.  Islet tn pancrieqs. A normal sta1ned islet w1th the
secretory granu?es sta1ned dark purp]e X)400 (Atdhyde Fuschs1n)

,"'
The norma] 1s]et shows sta1n1ng of the secretory granu]es, 1nd1cat1ng ‘.
" funiction of the beta ce]]s The 1sﬂet in the pancreas of the trans- IR
\\planted rat shows a fa1nt out11ne W1th no sta1ning of the granu]es, Sl

1nd1cat1ng bet/aws11s are non funct1on1ng

' | DISCUSSION |
& ’Th the per1fu51on stud1es done the contro] group 1n .
1_ddub1e'st1mu1at1on stud1e; respondswio each g]ucose chal] nge. "
'Hij-Frozen thawed and cu]tured 1s]ets fo}low contro]s very c1ose1y; h{
bt the non cultured groupseem to have decreased insul1n productfon

.'dur1ng the 2nd glucose chal;enge K11]e¢'1519ts had;an.initlalvwash”:3

v out‘of 1nsu11n and then;almost-zero;fhsu1jn production. Perifus1ohv9



~7.5% and 10% groups of frozen-thawed cultured islets fo]]dw the

"lwith a single st1MU1ation-by hypertdnic'giucose show'that~both the

.control group. The non- cu]tured group of 1s1ets secreted 50%

Tess insulin than the contro]s The k111ed group had no 1nsu11n '

'secretiOn

v The e]ectron m1croscop1c findings compare w1th those

of Hu]tqu1st and Pont1n (105) However, 1s]ets wh1ch have been

1so1ated using the same protoco] show a spectrum of u]trastructural ;
N

’
changes, both in re]at1on to d1fferent cells W1th1n a s1ng]e 1slet

~ and between_d1fferent 1s1ets Invcontrols (wwth 7. 5% DMSO added ‘

, and'then'removed) some of the beta ce]]s display exce}1ent preservat1on'_, _ |

?_of f1ne structure wh11e other beta cells’ show m11d patchy retro-

-

gress1ve changes 1nc1ud1ng mild swe111ng of m1tochondr1a and

c1sternae rough ?R and commenc1ng 1ys1s of the centra] cores of some

| beta ce]] granu]es w1th an increase in the number of cores W1th a
- rod- 11ke cor rhombo1da1 out11ne Genera]ly, p]asma membranes remain |

;Jntact B ‘f' "_' - oL ‘_-1_'. : } :}.

i

£

.;\{\ - Is]ets wh1ch were frozen in 7 5% DMSO thawed and then '

TN

h d th1s protect1ve agent removed show moderate patchy u]tra-‘ P

o striftural changes in beta cel]s, 1nc1ud1ng moderate swe]ling of

 mitochondria or rough ER, and hya]op]asm, moderate c]umplng and ';‘“f

L 4

'pér1phera1 marg1nat1on of nuc]ear chromatin, and 1ysws of the centfhl

: damaged ce]]s “The above changes may be revers1b1e and w1th trans- ~A

cores of approx1mate1y 50% of beta\pell granu1es in the most severely

p]antat1on as with cu]ture of 1s1ets (105), severe]y damaged beta

.;ce1ls 1Tke1y d1sappear through auto]ys1s w1th margina]]y damaged

b



ce]]s T1ke]y to recover and resume secretory funct1on

To date, transpTantat1on of frozen- thawed cryoprotected

o

islets have been g1ven to onTy one syngeddgc Lew1s rat rendered
- d1abet1c %y streptozotoc1n There was =;200 istets 1n3ected into
the.portal ve1n fo]]ow1ng thawtng“and DMéO-removaT -"In view of

4
the sma]T number of 1slets transp]anted there is a\surpr1s1ng

degree of - ameT1orat1on of the d1abet1c state There is no- comparable

report on the med1cal 11terature for cure of d1abetes w1th frozen-

“'ithawed islets, though “cure by syngeneic freshTy harvested 1sTets -

£

s w1de1y reported and accepted _
| The mean da11y urine voTume in the d1abet1c anima] was o

70 ml/day and was a]ways 4t -for urine g]ucose w1th the swmp]e

quaTitatTve test‘fthis fell to afmean of 12m in the 14, 15, and ]6

i :week and the qua11tat1ve vaTues tor ur1ne g]ucose were negat1ve Thé.’ﬁ

_ hyperg]ycem1c state before transp]ant was cured the b]ood g]ucose
b3c0m1ng norma] There was steady we1gh‘ ga1n and improved v1taT1ty
‘- The resu]ts of these Ln vttro exper1ments support the
concTus1on that cryoprotected rat 1s]ets appear to surv1ve and 1ndeed
 this does extend the range on an aduTt organ that canCBe cnyo- .‘:5'

preserved

'.‘-7SUMMARY"

IsTets removed from aduTt rats were frozen in 7 5 and TO%

;DMSO to -196 C, thawed and in some cases cuTtured for two days pr1or s

R [}
’.to the per1fus1on The cu]ture for 2 days seems to aTTow metabo]ic

) recovery as th1s group of ceTTs responded s1m11ar1y to the contro]
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'7: group. " The e]ectron n1croscop1c exam1nat1on showed that DMSO
‘added and removed ws well to]erated by the cells and that some
bdamage occurred 1n the frozen group, but not 1rreversib1e
‘damage. The one transp]anted rat returned from a hyperg1ycem1c

I state'to a_normal glycemic state}fo]]ow1ng transplantation.
© . CONCLUSION
| .Organized tfssue; starttng with the'sinpte.heart va]ve,i

'the more comp]ex feta]rheart and f1na11y the sma}] organ, the

'f1s1et of Langerhans can all be. preserved 1n the deep frozen state

i*fTh1s\extends the range, of organ1zed t1ssue that can be cryopreserved

w1th 1ow temperature storage of 1s]ets,‘bank1ng‘g£‘these smal] -

' 'organs may. be posslble wh1ch‘cou1d eventua]]y lead to the cure

.of diabetes.-
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