CANADIAN'THESES ON MICROFICHE

4

THESES CANADIENNES SUR MICROFICHE

.* National L ibrary of Canadas
Collections Deveiopment Branch
Canadian Theses on -
Ottaws, Canads
K1A ON4

s microfiche

. NOTICE

The sulity of this microfiche is heavily dependent
upon the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quality of reproduction possibile.

1f paps are mvssmg, contact the university which
granted the Jegree.

Some pages may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously -copyrighted materials (journal articles,
published tests, etc.) are not filmed.

" Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
_accompany this thesis.

THIS DISSERTATION
"HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (. 82/08)

Direction du développegrent-des collections

Service des théses caradiennes

AVIS

La Quashté de cette microfiche dépend grandement de
la quallté de I; thég soumise au mn:faﬁlmage Nﬁus

de repmductmn, .

§'il manque des pages, veuillez communiquer
avec |'univarsité qui a conférd le grade.

La qualité d'impression de certaines pages peut
laisser & désirer, surtout si les pabes ﬁfiQiﬁE‘E‘! ont été
dactylographiées a |'aide d’un ruban usé ou si I'univer-
sité nous a fait parvenir une photocopie de mauvaise
qualité,

Les dacuments qui font déja 1'gbjet d'un droit
d’auteur (articles de revue, exameny publiés, etc.) ne
sont pas microfilmés, :

La reproduction, m rtielle, de ce microfilen
est soumise & la Loi mtdmﬁne sur le droit d’'auteur,
SRC 1870, ¢. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE -
NOUS L'AVONS RECUE

Canadi



-

Bibliothéque nationale

National Library
du Canada

.* of Canada

Canadian Theses Division
Ottawa, Canada i :
K1A ON4 ~6024 Y

Division des théses canadiennes

‘\

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

o Plesss print or type — Ecrire en lettres moulbes ou dactylographier

-

Full Mame of Author — Nom compiet de | auteur

Bonnie Gt‘lfi’?f‘\;‘#

Date of Birth — Date de reiseance ] Country of 8irth — Lieu de naissance ] "
'+ Auq 135 CANADA )
Permanent Address — Résidence fixe i — - i ~
Q68 Byasmar Stret
Medh Gne Het, Alberta
T OV :

Title of Thesis — Titre de la these
MC- Misonida 20le
EMT- & 4umoers.

Biedistr. . hubhon

»

University — Universits

Universi by of Albecke

Dogree for which thesis was presenied — Grade pour lequel cetie thése ful prisentbs - -
Masker of S e

Year this degree conferred — Année d obtention de ce grede

(AR 2.

Name of Supervisor — Nom du directeur de these

Permission is hereby granted to the NATIONAL LIBRARY OF
CANADA to microfilm this thesis and to lend or sell copies of
the fitm.

The author reserves other publication rights. and neither the

thesis nor axtensive extracts from it may ba printed or olhar-
wise fggrédueﬁd without the author's writien permission.

L'autorisation est. par la présente, accordée & la BIBUOTHE-
QUE NATIONALE DU CANADA de microfilimer cette thise et de
priter ou de vendre des exemplaires du film

L'auteur se réserve les autres droits de publication: ni la thése
ni de longs extraits de cele-ci ne doivent dtre imprimés ou
autremant reproduits sans |'autorigation dcrite de | euteur.

Oste T - " [ signature - - )
@E‘:_ES{%?" /5{, /196> %ﬁﬁM{iﬁx

HL-9Y (4/TT)

e i - e




: a
j : - THE UNIVERSITY OF ALBERTA

14 _Misonidazole Biodistribution in BALB/C Mice

Bearing EMT-6 Tumors .
. = .
- by |

_ : ) , .
(iEi) Bonnie Garrecht

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND
RESEARCH IN PARTIAL FULFILMENT OF THE REQUIREMENTS

< FOR THE DEGREE OF MASTER OF SCIENCE

L]

N

EXPERIMENTAL RADIOLOGY

DEPARTMENT OF RADIOLOGY

EDMONTON, ALBERTA

o FALL, 1982



THE UNIVERSITY OF ALBERTA

RELEASE FORM : A

L]
e Lo ‘ ’
_ A\
)
NAME OF AUTHOR Bonnie Garrecht _ ! - _
TITLE OF THESIS I‘C-Nisonida:ﬁle Aﬁ_giﬂdistrihufian in

BALB/C Mice Bearing EMT-6 Tumors.

DEGREE FOR WHICH THESIS WAS PRESENTED @asteg;af Science

YEAR THIS DEGREE GRANTED 1982 -

&

Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this thesis
and to lend or sell such copies for private, scholarly or
scientific research purposes only.

The author reserves other publication rights, and
neither the thesis nor extensive extracts from it may be
printed or otherwise reproduced without the author's
written permission.

(SIGNED) B arrec A2 | .

F68 Braemanr el
PleXecert HaZ, dédeale
> 74 Oveé

PERMANENT ADDRESS

DATED: M’M /3, /982

o



\‘.

*  THE UNIVERSITY OF ALBERTA

»

FACULTY OF GRADUATE STUDIES AND RESEQRCH
N i

The undersigned certify that they have read, and

*

- recommend to the Faculty of Graduate Studies and
UReseJ}ch(”for acceptance, a thesis entitled “14§—!}§ggs

“idazole Biodistribution in BALB/C Mice Bearing EMT-6

Tumors" submitted ®y Bonnie Garrecht in partial fulfill-

mm—— = - ¢

ment of the requirements for the degree Zﬁf;*ﬁggggses

Science in Experimental Radiology.

Supervisor




§ﬁppﬂfti

To

DEDICATION

4
-

iv

o

1Y



ABSTRACT *

14C§Hi53ﬂid32313 in tumor-

ot

The biad’stributiﬁn‘iﬁf,

¥

bearing BALB/C mice shows thatr radiolabelled-species are
unif3rmly distributed almost immediately after injection
but that they leave all normal tissues, except the liver,
to ‘a greater extent Ehan from the tumor. The clearance of
the label has 2 phases: a rapid initial clearance, (43
minute half life), followed by slower 55 hour half life
phase. Tumor to tissue ratios are enhanced by multiple
dose administration. This enhanﬁeﬁént could be related to
the presence of hypoxic cells in tumors.

- If the hypoxic cells in the tumor aldgzaxare
considered, rather than the tumor as a whole, the amount

7 - '
of misonidazole bound to them would result in a tumor to

m

tissue ratio of 30 to over 100 for single or multiél
injections, respectively. Such ratios would be more than
adequate for . use of §h§ drug as a clinical tool for
investigating E}paxia within tumors. |
Isoproterenol is used to induce myocardial infarcts.
iﬁ ﬁhe hearts of mice. Associated with such infaffts is a

zone of hypoxia or ischemia, and 14CiHiSQnid;zgle appears

to have an affinity for these hypoxic zones. There is a 2
fold increase in uptake of misonidazole in the hearts of

isoproterenol treated mice compared with controls.



Whole body autoradiographs provide a visual demon-

14

‘stration ?f the biodistribution of C-Misonidazole in

BALB/C mice. They illustrate the heterogeneity’gf tumors

and provide an independent confirmation of the biodistri-

Pl

bution data obtainedy with liquid scintillation counting

-

. - T

1 ”

techniques.

-
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‘ INTRODUCTION

Because of the variability of blood supply to a
tumor, there are various degrees of Qxften;tian in its
ceils (1,2); Tumors can ﬁevelﬂp rather: quickly andythe
blood supply may not be adequate to supply the needs of
the entire tumor. Consequently necrotic regions result.
Adjacent to these necrotic areas is a zone of cells
distant Frém blood vessels, low in oxygen content and
nutrients, but still viable. Adjacent to the capillaries
within a tumor are tﬁe healthy proliferating tumor cells
which have access to a géad blood supply. Hﬁen éuth a
tumor is irradiated the oxygenated cells are most readily
killed by thg ionizing r;diatign; The necrotic core
caﬁsisté of dead cells and celd debris and does ﬁ@t’EQVP

'pf‘DlifErjéti\fE gapacityjéa is of l"l-if concern. It is the
hypoxic cells, resi:tgnﬁ to the lethal effects of
radiation, ﬁhat limit eradication of the tumor. Once the
axygen;ted-éellé have been killed the hypoxic cgllsrmay
become reoxygenated aﬁ; resume grgwth,vIt is thought that
hypoxic éellé become reéxygenated during a- fractionated
course of clinical radintﬁer;py making the radigepré of
sgmé tumors ﬁassible- :

That hypoxic cells are a factor in the eﬁrability of
tumors by radiation has bEEnvthe conclusion of SE;EFEI
A studigs; By using h;gh;,pregspre oxygen during radio-

s

Ik
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therapy, clinical investigators showed an enhanced cure
réte, which they attributh to elevated oxygen tensions
in the tumors (4,5,6,7). Anutheééipiece of élfﬁiéal
levels correlated with high recurrence rates after
radiotherapy in carcinoma of the cervix (8). ﬁe&gglabin
levels elevated by transfusions before radiotherapy to
over 12g% to alleviate anemia, resulted_ in an improved
radiocure rate (8) which could have been indicative of
improved tumor gxfgenatiaﬁg

In addition to using oxygen as a sensitizer for the

hypoxic cells in tumors, drugs which mimi¢ the effect of
oxygen can also be used. Chemioal radiosensitizers have

&

a potential advantage over oxygen because they are not
consumed by respiring ﬁells as they diffuse across the
tumor (1). Thus a more uniform concentration of
sensitizer across the tumior volume can potentially be
achiéved.'Such drugs include metronidazole and misonida-
zole (MISO). Clinical studies using metrénidazn]e, prior
to radiotherapy, in patients with glioblastoma multiforme
showed improved survi§§1§ over those patients not given
the drug (9). Since this first study with metronidazole
there have been numerous clinical »érials and studies
initiated for both metronidazole and MISO (10522)i



To demonstrate that hypoxic cells ;re a factor in
the radiocurability of a tumor, tumors were made hypoxic
artificially by blocking blood supply (26) or killing
animals by asphyxiation (27) prior to irradiation. The
different surviwing fractions inﬁiéatad the degree and

rtance of hypoxia in radiation resistance. Survival

s
2]

mp

can be determined by observing tumor growth post

Y

irradiation (28) or by in vitro assays of surviving

fractions (29). Furthér evidence of hypoxia in both human
and animal tumor models has come from measurements of
Qxygah concentration within a tumor ﬁsing,ﬂgygen elec-
trodes (24,25).

Another means of examining the functional archi

-

=

tecture of a tumor involves the injection of a radio-
] : .

actively labelled radiosensitizer such as MISO into a
tumor bearing mouse (30). The drug is injected over a
period of time to enhance the binding of MISO to the

hypoxic tissues. After a §5 hour exposure to the drug, and

24 hours to allow for elimination of unbound MISO, the

mouse was killed. 7The tumors were removed, washed in

saline and fixed in formalin. Autoradiographs of these

tumors clearly demonstrated that MISO does reach \the
tumor, and that it binds to what are most probably
, )

hypoxic cells. This assertion is based on the location of

s L -



the high uptake of radioactivity between the necrotic
core and the peripheral oxygenated cells. These auto-
radiographs also demonstrate the heterogenous uptake of

MISO in tumors as compared to the homogeneity found in a

normal tissue 8sBuch as liver. (See Plates A and B).
Agtﬁradicgraphs of l4CaHi§ﬂn§dazale (14C§HISD) label led

éﬁ]tieellulaf spheroids showed saimilar results. In vitro’
experiments have shown that MISO is preferentially bound
to cells in a nitrogen atmosphere in higher amounts than

hat bound to similar cells in oxygen (23). (See fig‘ 1)-
This suggested that MIS0 might be developed as a marker
for hypoxic cells. |

Tannock (31,32) has also demonstrated the presence
of hypoxia in tumors by identifying pra]iferatiﬁg cells

;uhizh had incorporated 3Hathyﬁiidine, and the necrotic
core which had not. Intermediate to these two areas Qas a
nonproliferatying zone, low in oxygen content, Hhiéh
consistently had a lower labelling index,

Results from these and other experiments have
strongly suggested that ihypaxic cells are present in
tumors, that their presence aFfécts the eradication of
the tumor by radiation and that hypaxiﬁ radiosensitizing
drugs increase the radiosensitivity of animal tumors.
"Whether the amount of HiSD that binds to hypoxic cells in

tumors is significantly high relative to the amount bound '



Plqte AL AU,Fi‘f‘aéiﬁE?'TSQ!i.. ﬁf' (EMT-0 . tmw;:m.ﬁiéde-,-kﬁ v

C-MISO, demﬂhstrating the

heterogeneity of the’
. . . ¥
tumor. '



Plate B. Autoradiograph of mouse 1liver exposed to

14C—MISO, demonstrating ‘Ehé homogeneity ' found in the
liver.
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0 1 2 3 4 5
TIME (HOURS)

Figure 1. EMT-6 cells incubated with '%C-MIso at
'37°C in air, and in nitrogen ( mSXlOS cells/sample), -

MISO is preferentially bound to cells in nitrogen.



in other tissues was not known. If it cﬂulﬂ be shown that
the amount of drug bound to tumors was significantly
higher than all normal tissues, this property might be
exploited clinically for the detection of hypoxic cells

in human tumors (l1). If a gamma emitting radionuclide

with apprqpriate-half life and energy could be attachec
to the radiosensitizing drug, the distribution and extent
of hypoxic zones within a tumor could be displayed by
non-invasive methods using nuclear medicine techniques
(],30,33). This would be extremely véluable, not only
because of the heterogeneity within the tumor itself (27)
but also because of the variability among tumors (34).
Once information was obtained about the tumor, the

therapy regimen could be adjusted according to the degree

"

f a significant poertion of

L]

of hypoxia within the tumor.

-
L4
]

the tumor cells are hypggic, ',;gtian sensitizers, used
to enhance cell death in the hypoxic zones, would improve
the - chances for a cure. An ideal gamma emitting label
would have a half-life of about two to three days, and
would not alter the gehaviﬂr of the original drug. It
leo should be of high enough energy FQE detection, and
no£ emit any particulate radiation which would contribute
to the radiation dose without providing sdditiaéa]
_informa;ion. ‘Thg; half-life needs to be long enough to

allow elimination of the unbound drug yet remain in the



tissue to provide a signal for the assay. Such a
radiochemical might be bromine-77. It has a half-life of
57 hours and is produced by bombarding arsenic-75 with
alpha particles (35). "However, at present, there are no
facilities in Alberta cgpaﬁlé of producing braminea7f!
With the long term goal of developing a gamma-
labelled marker for hypoxic cells in tumors in mind, the
research described in this thesis with ]4C*HISD attempts
to answer several'questigﬂs. It deals with the techniques
required for liquid scintillation counting and the
construction of quench correction curves. It also
examines the various types of quenching encountered in
ligquid scintillation counting. Thé whole body distri-
bution, (particularly at long times), of 14C§HISO in
BALB/C mice bearing EMT-6 tumors is measured ind it is

Iso shown that ldc—HISD can be selectively bound to

by

hypoxic tissue aside from that found in tumors. Th
hearts of BALB/C mice were rendered ischemic by the
administration of isoproterenol. l4CaHISD is then

injected and uptake monitored by ]iquid‘-scinti]latiaﬁ

counting of the hearts and by autoradiographs. There is

also a visual representation of the whole body distri-

14

bution of the C-MISO by whole body autoradiographs.

Sl B e



MATERIALS AND METHODS

Animals
All animal experiments were performed in the

ry at the Cross Cancer

[n]

Radiobiology Animal Laborat

Institute. Female BALB/C mice were obtained from the

breeding stock of University Animal Services, Edmonton,
housed at a maximum of § mice per cage, and fed rodent
chow (Ralston Purina Co.) and water as desired. All mice
weighed 20 to 25 g at time of experimentation.

Tumor Line and Indiiction

The tumor model selected was the EMT-6 tumor because
it is known to have a significant hypoxic fraction of
about 0.35 (36). The integrity of the cell 1line is

maintained by alternate p’ssag&ziﬂ_ vivo and in vitro.

From two to four tumors are implanted subcutaneously in

the flanks of BALB/C female mice by injection of

approximately ?xlﬂﬁ EMT-6 cells in 0.05 ml Waymouth's

medium (Gibco Laboratories). Tuberculin 1 ml syringes
(Becton; Dickson & Co.) and 26 gauge 3/8" Yale needles

(Becton, Dickson and Co.) were used. After 10 to 14 days—

the tumors were appfgximatelyi 1 to 1.5 ecm in. diameter.

[y ]

Measurements are approximate because of the irregularity
of tumor shape. Autoradiography of histological sections
from some whole tumaés was obtained. Tumors showing skin

necrosis were not used in these experiments. The mice

10
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were killed and the entire tumor was excised and weighed

befoure being homogenized. -

Liquid Scintillation Counting

When counting beta particle radiocactivity the sample
must be completely mixed with the liquid scintillation
cocktail. This was achieved by first hgmﬂgEﬁizipg the
tissues using a Ten Broeck Yissue Grinder, pyrexnibrandg
15 ml capacity (Fisher Scientific Co.) (Nine parts of
distilled water were added to the homogenized tissue to
effect recovery of th&, sample.) The homogenate was mixed-
thoroughly befa?é 100ul aliquots were dissolved in 1 ml
of potassium hydroxide (Certified A.C.S. pellets, Eisher
Scientific Co.). The KOH pellets had been dissolved in
distilled water to make up a IN solution. The samples, in
éja§5f§€3ntillatiéﬁ vials, (Fisher :Scientific Co.) were
‘tg;n put on an automatic éhaker for one day, to
facilitate dissolution. After the samples were completely

) :
dissolved, 1 ml 1IN hydrochloric acid, (Certified 1IN
solution, 1.002-0.998 N, Fisher Scientific Co.), was
added to each, to provide a neutral éalutiaﬂi To the
neutral solution was added 15 ml Scint!naly;EdTH Scinti
Verse (Fisher Scientific Co.). The vials were capped with
polyseal® liner caps (Fisher Scientific Co.) and shaken

to thoroughly mix the contents, before being loaded into

the Beckman LS7000 1liquid scintillation counter. The



¥

samples were counted with Program 4 which designated the

channels as follows:

A lower limit 0 Channel B lower limit 397

[ ]

Channe

upper limit 655

#

sample: H" and sample channels ratio (SCR):

eath counted for 10 minutes. Background vials, vials

m

containing everything but radiocactiv tissue, were
counted with all samples.

Quench Correction Curves

L4

[ )]

he inherent variability in color and composition of
the tissues compared in this study necessitated the
construction of quench correction curves. Because
efficiencies will vary among tissues, it is desirable %a
report the amount of radiocactivity in disintegrations per
minute (dpm). Counts per minute (cpm) detected by the
counter will vary with the counting efficiency of each
sample and so do mot indicate the absolute amount of
radiﬂactivit? present. Quench correction curves were
generated in the following fashion. A homogenate of blﬂné
and liver was made by removing each from freshly killed
BALB/C mice. The liver was minced up with scalpel blades.
The blood ‘and liver were then put in a 3 ml syrinée

(Becton, Digkscﬁ & Co.) and the mixture was pushed
through successively smaller needles until a fine paste

4



resulted. Aliquots ranging from 0.01g to 0.12 g were

measured into preweighed vials and then dissolved with 1

m] 1IN KOH by agitating the capped vials on an automatic

shaker. After sample digestian was complete, the samples
were neutralized uitrz 1 ml 1IN HCl. A known amount of
radioactivity was added to each vi;i by micropipetting 14
MISO into each of the vials. This was followed by the
addition of 15 ml] Scinti Verse. The vials were all shaken
vigorously to thoroughly mix the contents, resulting in a
clear solution of a coulur varying according to the amount

of homogenate within.

The counting efficiency and rurré’laﬁding quench

correction factor for each sample was plotted on linear’

graph paper. The counting efficiency was calculated as

follows:

efficiency = c¢pm observed ; .
dpm add®d - »

To ensure the validity of the quench correction curves
for the experiment, samples of all different tissues were
taken arld treated in the same way as tﬁe blood- liver
homogenate. Results were p?uﬁted aﬁithe quench correction
curve.

For the biodistribution study, dpm were determined
with the following equation:

dpm = cpm observed

counting efficiency ‘



14

Counting efficiency was determined by using the qyuench
correction f:ct?rs to correlate with an!efficigﬁcy ﬁﬁ,th;
quench correction curve.

Hoffmann LaRoche supplied the ‘4C-MISO (1-(2-nitro-
l-imidazole)-3-methoxy-2-propanol) labelled in the 2-
position of the imidazole ring. The specific activity was
145uCi/mg. A 10mM stock solution of the drug was used for
all the experiments. -

DLiiiQpPapergnél HCL '(113"g4‘-dihydraxyphﬁnylj
2=isapﬁépyiamiﬁﬂethanal HCl) (Sigma Chémicai Cgmpiﬁy) was
dissolved in saline immediately before use.

Injections of Drugs

(§ All "drugs were injected with 1 ml Tuberculin
syringes and 25 gauge 5/8" needles (Becton, Dickson &

Co.) intraperitoneally.

14

For single dose MISO work: 20ug C-MIS0/g mouse

For multiple dose MISO work:
’f time 0 20ug l‘ﬁaHISD/g mouse . o
. time 45 min ‘,ing l‘c;HIfQ/g mouse |

time 90 min . 10ng 14c-MISO/g mouse

time 135 min 10pg '4C-MI1S0/g mouse
For induction “©f myocardial infarcts with iso-

pr@tegengi



day 1 75 ng/g or 200 Mg/ g mouse

day 2 Time 0 75 ug/g or ZDDgpé/g mouse
Time 3 hrs 20>ug/g mouse (IACiHISD).
Time 4 hrs 10 ug/g mouse (14C§HISQ

Time.s hrs 10 pug/g mouse (14CEHISD)

Biodistribution Study

After a selected time Vperiad (30 miﬁuigs to 72

hours), following single or multiple ddses of ;Af—HIS§,

normal tissue were . removed from blood, heart, lung,

colon,

[
o |
Lo
[r ]
[,
, -
e
=2
Ja

liver, spleen, kidney, stomach,
biaﬂdér, ovary and g§§rus;ifat; muscle and br;ing When
pussible, eritire organs were removed to avoid regional
variations in uptake within organs. The exceptions to
this were thé ;Cﬂjﬂﬁ,i‘iﬂzéstiﬁe, ﬁusclé and fa®. Gut
contents were removed before homogenation. Tissues were
rémcveﬁ to preweighed vials and one in ten dilutions with
distiilgd water were made of the homogenized tissues.
=.Hu1tip1g'légj1 aiiquét; of each sample homogenate were
taken and dissolved in 1 ml' 1IN KOH. Samples ‘were closed
tightly with polyethylene lined vial cips and. put on the
automatic  shaker 'tnv facilitate dissolution. Once

dissolved, 1 . ml IN HCl was added followed by the addition

of 15 ml Fisher Scinti Verse, The vials were shaken .

vigorously to ensure complete mixture of the contents.

€
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dnd were treated identically to the normal tissues.
Vials were loaded into the Beckman LS 7000 Liquid
Scintillation Counter. Background vials were counted with

J;f Y
the sa:pféé and environmental background counts were

ubtracted from each. of the raw counts - before any
§§1tulgtiﬂn3 wéreldane- Once counts per minute and quench
correction _factors were obtained, efficiencies were
determined fram the quench correction curves and ‘actual
distintegrations per minute per sample were éalculated.

The amount of activity in the tumor compared to the
anguﬁt within normal tissue was expressed as a tumor to
tissue ratio. It was calculated asiigjlﬁwsz ;

H s@é

dpm in 100m] tumor homogen

tumor to tissue -
dpm in 100ul normal tissue

homogenate

Autqradiﬁgggghs,ﬂffﬂea?;s

B Experiments using autoradiographs required éﬁat the
xtissue be put in 10% buffered formalin after remnvglifrﬂm
tﬁe,gggaef The formalin was changed e%ery'dsy for § diys;’
" The ti;gﬁe was then embedded in paraffin ﬁax\ and
sectiéneﬂ. Sections mounted on the micrasccpé slides were
dewaxed *and then, dipped in liquid emulsion (Kodak NTB3),
using a darkroom. Slides were placed in lightpfgﬂf
"containers for 3 weeks and after 'dévelapﬁent' of §he

P 5 S

‘emulsion, ' the sections were stained with the
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This stain demonstrates myocardial ischemia.

Autoradiographs of Tumors
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For the autoradiographs of tumors,

injected according to the following regimen:

Time 0 20 ug léCaHISD/g mouse

Time 1 hour 10 ag 14CEHISD/§ mouse
Time 2 hrs 10 nug 14C-MIS0/g mouse

Time 3 hrs 10 ug l4§iHiSD/g mouse

Time 4 hrs 10 ug l4CeHISD/g mouse

]

he mouse was killed 24 hours after time 0. The tumor
tissue was removed and washed in saliné. The tissue was
tfegteé exactly the same way as the heart tissue, except
~after development of the emulsion the slides were stained
with hematoxylin and eosin stain.

Whole Body Autoradiographs (ARG's)

This proce@ure inyolved freezing of the mouse .in -
-liquid nitrogen immediately after deaﬁh; The frozen mouse -
was then embedded in a bleck of methyl cellulose (Fishér
Scientific Co.) and left ta‘Freeze solid for 30 minutes.
The microtome and blades were all kept in a free:er for
the entire process of sectioning. The block containing
the mouse was put on the microtome §pd 20um sections were
taken. \In order to remove the section from the block,
:,SﬁgﬁEh JM tape was used to lift the smection as it was

cut. The sections were put in a box containing silica



drying:beads and returned to the freezer. They were left
to dry for several days and then the sections were put on
mammographic film. The sections and film were kept in the

freezer until the appropriate exposure time had elapsed.

The films were then developed. Whole body ARG's pro
cedures were performed at Brookhaven National Laboratory

in collaboration with Dr. Brill and Dr. Som.



CHAFTER ONE

INTRODUCTION

Because carbon-14 is a beta émitting radionuclide,

liquid scintillation counting techniques are required for

the measurement of drug uptake using the drug thus
-
labelled. This entails a certain amount of sample

preparation, but can be as reliable and reproducible as

such as gamma emissions. Of the beta emitters, using the

tifban—labelled compound is preferable to using the
tritiated compound becausg of carbon's higher energy
(0.159 MeV Emax for Ciéj compared to 0.018 MeV Emax for
H-3) (35), making it less:. subject to attenuation by
quenching. Quenchiﬁgl is interference with écuntiﬁg
effitiénryv (38)i: In liquid ‘scintillation tﬂuﬁting;!
'counts’ ;re‘generatéd by the beta particles;exéitatibﬁ
of solvent jéle&ules-‘fhe beta particles are iqmeésed in
an aromatic solvent which has pi ;]ertraﬁs easily exriged
rﬁy thé raéintiani The excitation of the solvent molecules
ié then transferred to solute or scintillant nﬁ]eeulesi

Light phétﬂnSE.are emitted by the solute upon deexci-
tation. Af;er amplification, the phataaf are dgte&pediﬁy
:EéiﬂéidEﬁt photomultiplier tubes (39).° Anybﬁing. ﬁﬁat
inteﬁfgres with thEipﬁﬂduEtiﬂn_ﬂf:]ight.phﬂtﬁﬂs by the

. L o o
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solvent or the detection of fhe photons by the photo-
multiplier tubes is said to quench or reduce counting
efficiency.

There are various types of quenching. Chemical
quench?ng interferes with the transfer of the beta
particle's energy to the solvent by 3ccepting the
excitation of the radiation without the emission of light

(40J. Chemicals that are more easily excited than the

solvent molecules are aliphatic ketones, amines ‘and
halogenated compounds (41). Dilution quenching also
interferes with the production of ph?tons (40). But

rather than chemically interfering with the energy

-transfer, it merely prevents the excited molecules from

ionizing the excftaplg ~molecules by separating them
physically. Aliphatic ethers, esters and alcohols are
diluters (41).

Color quenching -will reduce counting efficiency

because it ipterféres with the optical detection of the

~ light photon by the photdnultiplier tubes (40). There is
‘efficient production of light but it is absorbed by

colars in the solution. Red colors are the most effective

absorbers of the emissions whereas blue colors are the

least effective (42). This form of quenching occurs

_because the emissions -gtchwthe;ppsorpcion_lpectrunxofi_
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the color. Obviously, a clear colorless solution is
desirable to avoid color quenching.

Quenching can be due to other physical factors as
well (42). If the radioactive material is insu?fitienﬁjy
digested to be in intimate contact with the solvent
molecules, some beta emissions will be absorbed by the
tissue rather than ionize solvent molecules.: Complete
digestion of the sample and its” uniform and intimate
mixing with the scintillation solvent or fluor are vital
for accurate counts to be obtained. Surface absorption of
radicactive molecules onto the vial wall reduces counting
efficiency by up to one half. The counting geometry is
changed from that of a sphere (4 pi geometry) completely
immersed snd surrounded b; solvent, to one half of a
sphere (2 pi) exposed to the liquid scintillation
cocktail. Quenching also results when the sample precipi-
tates aué of solution. Phase formation will also decrease
counting efficiency because the radivactive molecyles
will be unevenly distributed' between the aqueous and
nonaqueous phase. Only the radiocactive molecules in

!

contact with the scintillation cocktail will be detected.

Many of these problems can be alleviated by proper sam

reparation. Some factors, such as sample precipitat?®

w

and phase separation can be easily detected when using

glass scintillation vials.



Glass scintillation vials have several advantages
over the rather opaque polyethylene vials. Although glass
vials are expensive and their disposal presents a

"probiem, irregularities within the vial can be seen.
Offending samples can then be cli;inated from the
experiment. Glass vials are impermeable to solvents
whereas polyethylene vials may allow fluor to seep out
(43). This would result in a gradual loss of ceunts as
well as  contamination of the liquid scintillation
_counter. The counting efficiency in plastic vials may be
a few per cent lower than with glass vials due to
,
absorption of light (42). This is a more critical problem

when dealing with low energy emissions. Polyethylene

LY L]

lined vial caps were used rather than foil lined ones
because foil-is attacked by the basic réggents‘used to
dissolve tissue (44). This contaminates the sample
resulting in severe quenching.

Even though. precautions are taken to prevent

excessive sample variability, the iﬂh;FEﬁt variability in
color and composition of ‘the tissues used in a biodis-
tribution study necessitates the use of q@ench correction
methods. Using quench carrectiaﬁréurveé was preferablé to

the internal standard quench correction method because it

has been -shown to be much more dependable and accurate

(45). The internal standard method involves ‘adding a
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known amount of radioactivity to each sample vial to
determine the counting efficiency of each sample (46).
The standard must be added to the same phase that the

adioactivity is in, and it must be added to each vial.

b |

Each vial must then be counted a second time. This .
becomes very time consuming. The sample cannot be
recounted or recavered> once ;tandafﬂ has been added.
Opening the wial to add the standard may add contaminants
which act as quenchers. Water can be a strong quencher,
aﬁdénpening a refrigerated vial to add the standard could
lead Lé eandensatian of moisture .t—hé vial. This method
could also be expensive, especially when dealing with
large numbers éf samples and samples with high activity.
Quench ﬁar;:fﬁiun curves are thus preferable to the
inte;ﬁai standard method of quench tafFEELiani Using

s to determine

[y ]
[yl

quench correction factors and curv
counting efficiency involves the use of many observations
at varying sample concentrations to simulate the variety
encountered in an experiment (45). Plotting ‘a quench
cg}reEtianL:ugye simplifies the assay of the experimental
shmples ‘because samples only need to be counted once, and
they are nﬁt disturbed once they have been prepared. In
this theasis, the quench correction factors generated by

and sample'channels ratio (SCR)., The H# is a measure of
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the shift of the leading Compton edge of the unquenched

external standard spectrum to the quenched external

standard spectrum (39). The standard is an external

of 137C§/ 13333. This is an indicator of the

standard
shift in the sample spectrum. The sample channels ratio
is a measure ﬁf the change from the unquenched to the
qﬁfnrhéd ‘sample spectrum (47). Rather than an absalu?e
vélse like the H#, it is a ratio. In the Beckman liquid

scintillation eounter,

e -]

SCR = counts in channel

counts in channel A

Therefore as quenching increases the SCR value will
decrease. A drawback to the SCR quench correction method
is seen with low sttivitj sa*p]es which require often
unreasonable lengths of time to accumulate adequate
counts for the ratio calculation. Occasicnally it is not
possible to get a statistically valid SCR because of low
" counts.

An advantage of the use of SCR quench curreétinn
curves is that the type of quenchink agent Bas litﬁlg QE
no effect on the type of quenching that occurs (40,48).
Hence, one curve can be used to correct for~the presence
of different quenchers and no distinction need- be made
between color and chemicallquenchinj. Once the cﬁrvés;afe
‘generated thgj are available for use In  all " the
experiments described here and allow for conversion of
the cpm generated- by' ghe counter to dpm required for

comparisons.
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RESULTS

After the preparation of the quenchH standards,
quench correction 'curves were generated. The counting
efficiency and correépﬁnding‘quench correction factor for

each sample was plotted on linear graph paper. The

efficiencies ranged from about 50% for the dark yellow
. solutions with high amounts of blood-liver homogenate to

P

about 75% for the colorless solutions. (SEE Fig. 2 and
3).

| To ensure the validity of the quench correction
curQes for the experiments of this thesis, samples of all
the different tissues wgre taken and treated in the same
way as the blood=1iverr hgmﬂgenatei Efficiencies H;fe
calculated and plotted on the quench correction curve.
There was good correlation between. the blood-liver
homogenate and various tissues, indicating that the
curQes were suitable for use in this experiientig:
DISCUSSION.

Good correlation was obtained between' the experi-
mental samples and the quenched standargs used for the
construction of the quench correction curves. These
quench correction curves were used in the calculation of
efficiencies throughout the experiments of this thesis.
Effiqienqies_of 50 to ?SS are igwgr than the ideal va@gg
of .90% efficiency for C-14 (39). However all values were
converted to dpm, so the lower efficiencies would be,

‘accounted for.
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CHAPTER TWO
DISTRIBUTION OF '4C-MISONIDAZOLE IN BALB/C

MICE BEARING EMT-6 TUMORS

3

INTRODUCTION

The pharmacokinetics and :étabglis: of any drug play

major roles in its biodistribution. Because they were not

specifically studied in the experiments of this thesis it

is valuable to review previous stuéigs of the metabolism
and phqrn#dokinetics of MISO and other sensitizers.

‘There aré several ways of analyzing a drug's
behaviof. Assay pechniquéé for nitroimidazoles inrluﬁé

f

high performance liquid chromatography (HPLC), gas-liquid

chro@atography‘ (GLC), thin-layer chrﬂmaiagraphy {TLC),

polarography, colorimetry, uv . spectrophotometry and

assay methods range from separation and quantitation of

metabolites to é measurement of total drﬁg present. When
using 5, radiolgbe}led drug tﬁéfe is éa determination of
the = behavior and distributién of all radiolabelled
spécigs, whether they are the active moeities or not. So
1

L - |

in doing this biodistribution ' study with C-MIS0

refereﬁces to biodistribution of 14CEHISD actually fef&é
to the '4c-label.

There are various routes of radiosensitizer adminis-
- tratioa.. Ih&x&venounq.adlinistratiaﬂ reaults in instan-

A
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ous distribution of the drug within the central
compartment of the - body (50). This includes highly

perfused tissues and the blood. The drug is then

metabolized and excreted, and enters the peripheral

EQipart:Ent (skin indygusclg)i After an oral or intfa!
peritoneal dose of sensitizers, there will be a delay in
distribution Efcaﬁse Fheée must begabsgrptigﬁ from the
site of administration. However ﬂnﬁe"the‘drug is absorbed
the half lives are the same for both intravenous and
intraperitéﬁeal injectian (49,50). Workman (50) reports a
halftlife-fgr HISD-QE 0.33 to 0.66 hour in mice.
Different half lives for radiosensitizing drugs have
been feparted by other workers. Chin and Rauth (49)
report a galﬁ life for MISO of 1 to 1.5 hours after
intravenous or intrapeéritoneal administration in mice.
After a dose of 0.5 mg/g body Heiéht; they found the
radioactively labelled MI@0 to be widely and rapidly

distributed to dll tissues, Following oral or intraper-

itoneal administration of drpé§ radioactivity levels were .

highest in the livar, followed by the kidney, spleen,
heart, lung, testes, brain, muscle and skin. They also
found some accumulation of ;r;digattiyity in the gut.

Chromatographic analysis of liver fractions showed

.

R .
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complete metabolism of MISO in that organ (49). MISO was

lgrgeiy eliminated via urinary  excretion as well as
excretion with t;e feces. A large portion of the activity
eliminated from the gut may have arisen from radioactive
bile being excreted from the liver into the lumen of the
gut .

The metabolism of MISO results in several products
(49,65). Metabolites are similar. whether the drug is

given to humans ‘or mice. They include unchanged MISO,

desmethyl-MISO, an aminoimidazole and glucoronides of
MISO. The C-14 1label is 1in the 2-position of the

imidazole ring of MISO and all measurements of MISO and

its derivatives are associated with this label.

RESULTS “

Following a single dose (20ug/g body weight) of 14

MIS0, there appeared to be three phases of distributiaﬁ
of the radiolabelled fragments. The first phase .was the
‘distribution to all body components from the intra--
 peritaﬁeql_si§e of injection. This was ver;‘raﬁid:and
essentially complete within 30 minutes. Figures 4-18 show
-that:thgre was no further uptake in any 'of the tissues
‘"examined after 30 minutes post injection. The sécgﬁd

. ’ ,
phase could be called the gliiiﬁatian or excretion phase.

There was a fairly rapfd V43 win’ hllf”lif&) elfmination 7

of l4c-mrs0 and '4c-desmethyl MISO from 313 tissues
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final elimination phase (post 18 hrs.)
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including the tumor. ' At about 12 to 24 'hﬁurs éost
injection there was a shift in the slopes of all curves
and elimination of the radioactive products appeared to
slow dawn; The half—life.Gf this component of the drug
clearance was about §5 hours. Slopes of the latter
portion of the curve, (post 18 hours), were fitted by a
linear regression program, and corresponding correlation

coefficients were also given for each graph.

. The absolute amounts of radioactivity within all

tissues was at its highest within 30 minutes after

injection. Brain and fat had one-half to two-thirds less
activity than most other tissues at. the 30 minute time.
At all times after the i@ minute sampling ti:e tumor
rédigactivity levéls wEré Eﬂgstlntially higher than blood
levels. The bloo \ half—lifé; was calculated to be 36
minutes, slightly differentrfrﬂm other reports of }J.0 to

1.5 hours (49). - \

N S

General trends were fnr'l4C*HISD to clear from al) ®

normal tissue except liver to a greater extent than from

the tu:nf- Tissues involved in the elimination of 146

MISO retained higher concentrations for longer periods of
time but eventually stabilized by 24 hours. These tissues

are the kidney, bladder and intestine. The liver retained

Ore ggtititysghcﬁjgzy iﬁ&jrﬂgiflii'tillﬁﬁi‘ S e R LIRS

=

e g
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The clearance of 14CiHISD from tumors fgllowed the

same pattern as from hnormal tissue, but more drug was

retained by the tumor. Uptake of 14CEMISD by tumors was

highly variable, even among tumors inoculated in the same.
animal. There was less varjability among normal tissues

between different animals. injectinﬁ*af multiple doses of

14CsHISD enhanced uptake iﬂ the tumor 2 to 3 times more
than ‘in normal tissues. !'The activity in the tumor

E
compared to the activity in normal tissue, is shown in the

E4

composite graphs.(Fig. 19 & 20). Tumor to tissue ratios

(Table 1&I1) also demonstrate the enhancement. For
example, after a single dose the tumor to tissue ratio
for the spleen was 4.8; whereas after a multiple dose
regimen the ratio was 12.1. This was a 2.5 fold increase.-
There was increaﬁgd uptake cr# 14C§HISD throughout tﬁhei
body, but the retentiaﬁiaf radioactivity by the tumor was

higher than any other éfgan, including the liver. Again,

there was tremendous variability of 14C-MISO content

amcﬂé tumors. |
DISCUSSION

14

Following a single dose of C-MISO there is almost

immediate widespread uptake throughout the body (49,50).

L]

issues with an excellent blood supply would be expected
" t6 have the highest concentration of 14¢-MISO initially"

(SY), and this is the case with all the tissues s:npled
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TUMOR/TISSUE FOR SINGLE DOSE 14CaHISO

" TISSUE
Blood
Heart
Lung
Li?EF
Spleen
Kidneys
Stomach
Intestine
Colon
Ovary & Uteérus
Bladder
Eat

" Muscle

Brain

24 HR 36 HR

6.5
2.5
3.1

<
|

s
»
[~ ]

Tnd

[ B

TABLE 1

3.6

3.0
2.

Di

oy o

-
-
()

L]
-

L5
o] (¥ 1

48 HR

2.4

1.0

72 HR

5.6
2.4
3.4
0.8

6.8

AVERAGE

4.5

2.

[ %]

25

o Lo
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TABLE II

_TUMOR/TISSUE FOR MULTIPLE DOSE 14CéHISO

" Stomach
Intestine
Colon
»
Ovary & Uterus
Bladder

Fat

24 HR 48 HR
14.3 8.1
5.1 2.7
5.9 3.7
1.4 1.0
11.6 7.5
6.7 4.2
7.2 4.0
‘8.9 9.1
Wsil 7.8
18,:8 6.5
3.8 3.8
10.0 . 8.6
1009 7.6

7.5 5.9

72 HR AVERAGE
12.2 | 11.5§
4.4 4.1
6.5 5.4
1.9 1.4
16.9 . 12.0
6.4 5.8
9.0 6.7
26.5 13.8
16.2 9.7
6.7 7.3
10.7 - . 6.1
12.8 10.0
‘ 8.5 | 9.0
10.2 7.9
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except the brain. Fat, a poorly vascularized tissue, has
a low 1‘C-MISO content. The concentrations of drug within
the brain and fat are as much as two-thirds lower than
other Vtissues in the most extreme cases. The low
concentration of 14C~MISO within the brain and fat would
‘be expected because of MISO's octanol /water pértitian'
coefficient of 0.43 (50). At equilibration a lower

ar

concentration of drug would be found in lipid compart-

ments as opposed to water compartments. Both fat and

brain have a higher 1lipift component than other tissues

and therefore would be expected to have a lower uptake of

H
L3

MI1SO. .
Liver resains high concentrations y of drug ' (49),
‘. : - P
almost as high as that in tumors, (aftey multiple doses

. 4
of MISO), because it is the body organ responsible for

most chemical detoxificaﬁion pathways (52). Liver;micréii
somes are known to reduce nitroimidazoles such as
-etronidaiole (53) to produce nitro anion radicals. If
the radical is eiposed to oxygen there is recombination
and ‘i” return to the -orig{nalb compound. However, in
anaeyobic.conditions the nitro anion radicai is further
reduced fo a toxic intefigd{:cé.'Autgéadiagraphs of liver

expo-eﬁ'to l‘C--MISO hﬁve ihoﬁh,: hﬁ:ﬂggnaus éistributian

7§t:£héma;aéﬁisi);*,w“,,w,t

- Liet. ta . B N . E e TN T
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Before there is a plateau in radioactivity levels at
around 12 to 24 hours, there are occasions when the 14C
MISO content in the gut is higher thén in tugérs. There
could be a number of reasons for this. *

(1) Because higher levels only occur up to four hours
pdst injectioh and disappear after that, there could be
some radioagtivity remaining at the site of the intraper-
itoneal injecgjqn. This could have been part aftithe

=
sa-ple'when-tﬁe gut was removed.

(2) The amount of food within the gastrointestinal tract
wbuld also affect the amount and clearance of- radicactive

‘bile and enzymes secreted by the liver and absorbed by

the gut wall.

'(3) When the gut was sampled, contents wgré removed but

some residue high in radioactivity may have adhereégtﬂ
the gut wall. ' ‘ .

(4) variability cgﬁld be due‘ta sampling. Components of
the gut.cduld not be removed in their entirety. That is,
only segments of the tract were taken, based on th&if
contents. Segments of c¢olon and inteétine were removed
according to the following criteria: portions of gﬁt
cdntqining fluid-like material were intestine and seg;‘
ments of tnact.holding feees-gere colon. |
>(5) Initial higﬁ Eaﬁégﬁtrstiaﬁs iﬂ gﬁe fut”iiéy }ﬁét

reflect the normal clearance ﬁathﬁay for MISO (49).

mmy
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The clearance of 14EEHISQ from tumors follows the

same pattern as normal tissue, but more atfivity remains

within tumors. Considering tumors as a whole group is

win 14C-MISO uptake within this group. This is expected if

" the labelled drug is 4 marker for hypoxia. Even within

l4c

the %Same animal the uptake and retention of IS0 in

the tumors varied by as much as a factor of five uch
were inoculated on the same day with the same cell

suspension. The fact that the variability was not as

-
"great among normal tissues between different animals

suggésts that MISO behaves differently in a tumor
eénvironmeéent than elsewhere in the body. The rate of
decline of concentration is probably dependent on the
hypoxiec fraction present  in each tumor. Normal healthy
tis;ues have a good blood supply providing oxygen and
nutrients. A tumor will have necrotic and hypoxic cells
in addition to heg]thyéprnliferatiﬁg cells. It is highly
likely that the MISO binds to the hypoxic cells and
remains there, thus lowering the amount Gf-HISO which is

free for elimination. Normal tissues do not have this
iérge hypoxic component which would bind the MISO, and
‘MISO is easily washed froé the cell. Althﬁugh'éaﬁcentfsl

t

[

ons are initially high throughout the body they do natg
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remain so because unbound MISO is easily exereted.
Elimination of this free MISO is probably responsible for
the 43 minute half 1life component of the curve. The
amount of MISO retained by normal tissue might be
attributé@ to the smaller-hypaxiﬁ fréctiun that probably
exists in éj] tissues{ Because'éf:these hypoxic fractions
in all tissues, the clearance rates are very similar for
all _tissues including tumor‘but the different retdined
activities are due to bound l4C!HfSQ. By taking the
half-life of each individual tissue and then averaging
them all, a half-life of 55 haurs.is obtained. This is

very similar to the half-life of MISO in single cell
. '

. suspensions of hypoxic EMT-6 cells *(55). It is very

likely that the half-life in vivo could be attributed to

&

the binding of MISO to hypoxic cells.

‘The amount of MISO bound to. tumors is e‘vénllju::re
important if it is realized that the MISO may be bound to
the hypoxic fractiom of the tumor (64). The hypoxic
fraction’rep;ésenﬁs only 10 to 36% of the entire tgmar;
So the tumor to tissue ratigs;nf 2 to § far'siﬂgle doses

(excluding liver with a ratio of 0.6) could be &% much as

10 times higher if one were looking at only the hypoxic

zones within the tumor. Multiple dose tumor to tissue

2

ratios of 4 to 15§ (exéluding liver with-a tumor/tissue of -
1.4) would abso be 3 to 10 times higher ifpne just

looked at the ratio for hypoxic cells orly to normal
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tissue. Such a concentration in hypoxic tumor tissue

-y

would result in acceptable tusor ga tissue ratios o
greater than 5 for liver and might give a tumor to tissue
ratio of up t; 150 in some cases. Such signals could be
of value in the use of gamma labelled sensitizers as a
clinical tool for examining hypoxia within tumors.

The bipding of MISO to hypoxic gells can be enhanced

by prolonged exposure to the drug. This was demonstrated:

with in vitro experiments (23). If cells were bathed in

medium containing MISO for 3 hours under hypoxic

conditions, the &amount of binding increased. With tumor

7?150 concentrations achieving a maximu; at 30 minutes
"(§5), and with a subsequent half-life of 40 migputes, 3
hbur exposure to constant concentrations was not pﬂksible

with sinfle dose MISO in vivo.” To simulate prolonged

exposure to the radiosensitizer, an initial 20ug/g body
weight was given at time 0, followed by 10ug/g at 45
minutes, 1Qug/g at 90 minutes and 10ug/g at 135 minutes.
This was adequaﬁegtﬂ!maintain drug levels at cdnfegtras

tions that are sufficient for improved bin%ing of MISO to

Maintaining a :higher concentration of. MISO for a -

prolonged length of time does increase the amount of MISO
retained by the tumor relative to the other nermsl
tissues. There is a 2 to 3 fold.increase in the tumor to



tissue ratios after multiple dose administration. Thi

strongly suggests that MISO is bound ‘to the macro-
molecules of hypoxic cells. Otherwise there would be no
improvement in tumor to tissue ratios, but just general

increased retention of drug throughout the Dbody.

Increased binding is not as dramatic in vivo as it.is in
vitro because unlike tissue culture tﬁe tumpors were no
1002 hypoxic, and neither is normal tissue 100% gxygen-
ated. A 2 to 3 fal& increase ié;b;nding to the t&mar is
exactly ﬁﬁat would be e;pecteE if a constant c;ncen!
tration of MISO is simulated by the multiple injéq}iaﬁ
procedure. (See Fig. 1). (23). The "half-life gffﬁlsgrin
huﬁans is approximately 10 ﬁﬁurs (56) and this should
~ produce a greater extent of selective binding to hypoxic
From the data presgﬁtgd.i; this chapter it can be -
concluded that MISO dée: have an ;ffiniﬁy‘ for . tumors,
specifically for the hypoxic cglig in the tumar?rﬁféer
clear;ﬁce, the MISO remains in tumors to a greater extent
than in ;ny other tissue. The only exception is the liver
and this changes when multiple doses are given. The
elimination of MiSO faollows tﬁﬂ'patﬁfrnsé_an early rapid
phase with a half-life of apprgximateiy 43 minutes, and a
-s;ﬁﬁeé g;ininitiqn,withihalfelife“qf'55 hgpf§3§ihe_fapid

?Eiie is probably due to cle,rﬁnce of free MISO and
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. ,
de;:ethyl-HISD, whereas the slow phg3§ is due to removal
of bound metabolites.- After administration of multiple
doses the tumor rétain; more MISO than any normal tissue
including the liver. Tumor to tissue ratios are improved

by a factor of 2 to 3 just by giving multiple doses o

ein

the drug. This implicates hypoxic cells as

[~

responsible for the increase, based on previous in vitro

experiments (23).. If the tumor to tissue ratios for
.hypoxic tumor cells were computed using a hypoxic
fraction of 10 to 30% as dEtE;!iﬁéd Fédiﬂbiﬁlﬂgiﬁiily.
tumor to tissue ?atias of 30 to over 100 resulp. This
makes the proposed clinical use of radiosensitizers
labelled with gamma eiittiﬂg- nuclides Veven more

promising.



CHAPTER THREE
: - A
UFTAKE OF IJEEHISDEIDAZDLE INTO THE HEARTS
OF BALB/C MICE TREATED WITH ISOPROTERENOL

INTRODUCTION .

Myocardial ischemia can be induced by varicus
methods (57). Carnnary=§sg;ai ligation is one way, but
another method is the injection of drugs. DlL-iso-
proterenol (1[3",4'-dihydroxyphenyl ]2-isopropylamino-
ethanol HCl) dissolved in saline can be injected

lesion is uniform in severity and resembles the human

myocardial infarction as well as the experimental infarct

produced by coronary artery ligatian. Is&préierenﬁl can
induce infarcts in mice (59), hamster (60), rats and dogs
(6&) and turtles (62)& It has also induced myaésédia]
" damage in patients Hhé had received large doses of

isoproterenol (63), although this is a rare occurrence.

In rats the optimal infarct-producing dose is between _

# - - L )
5.25 and 85 mg/kg subcutaneously on 2 c¢onsecutive days

(57). Mice were shown to have focal degenerative éhangés
in their hearts after one 50 ng/kg’subcu;anegus dose of
isoproterenol (59). ! )

| If it'caﬁrbe shewn that iéﬁhemia or hypoxia can hg
induced in normal tissue thenr 1t could be shown that ﬂiSﬁ
" has an affinity for hypoxic cells, whether they occir ,n‘i

normal tissue or tumor tissue.

59
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" RESULTS

Upon death by cervicsl dislocation the mouse heart
was removed and cut in half. Half of the heart was used
in liquid scintillation counting and the other half was
used for au;oradiographs. Liquid scintillation counting
of BALB/C ;ouse heart samples has shown a substantial
(approximately 2 fold) increase in the uptake of MISO
after treatment with isoproterenol compared with aninals
treated with saline. (See Fig. 21 and 22). There was an
average ratio of 1.6 for those hearts treated with 75ug/g
isoproteresiol per day for two days prior tok 14C—MISO

administration and an average ratio ;of 2.0 for the

200ug/g isoproterenol per day for 2 days. This suggests

that as more ischemic damage is induced in the hearts of

‘mice there .is more 14C-MISO bound. to heart tissue,

‘indicative of hypokic cells.

DISCUSSION

Assogiated with the zone of infarction in the heart
is an area of ischemic ‘or Hyboxic cells and it is hoped
that the MISO would have an affinity for these cells as.
it appears to in the tumor. The studies described 'in this

. thesis show that there is 2 fold %ncrease in MISO uptake

in the hearts of mice treated with isoproterenol over
.,.4

st saline. Increased uptake of 1‘C MISO into

&falﬁ'{ : R : —
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heart tissue was associated with increased doses of
isoprotérenol or increased ischemia. This is consistent -
with the fact that there is a close correlation between
the amount of isoproterenol given and the 5everity of
necrosis that occurs in the heart (58). A larger necrotic
area would be more likely to have % bigger Eypéiiq‘pé
ischemic zone for which the MISO would have an affinity-(

Histological 'examination of the hearts showed' that
myocardial ischemia was present. (See Plates C&D).

ll‘C-,i"!IS(Z) uptake with autoradio-

Attempts gto demonstrate
graphy were unsuccessful possibly due to interaction of
-the stain with the photographic emulsion. The increased

14C-MISO in the ischemic hearts .suggests that

uptake of
MISO does have an affinity for hypoxic cells, whether

they are in tumors or ischemic hearts.
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~Plate €. Myocardial infaretion- centrol -specimen demon— -
.strating HBFP stain. Healthy tissue is yellowish

brown and infarcted tissue is red.



Plate D.. Isoproterenol treated heart stained with
‘the HBFP staini'-HéaLihy tissue is yellowish brown
,aﬁd.igfarczeé tissue is red. Attempts to shaw_14CaMISD

uptake with autoradiograph techniques were unsuccessful .



CHAFTER FOUR
WHOLE BODY AUTORADIOGRAPES SHOWING DISTRIBUTION
OF JQC!HISB!IDAZGLE IN BALB/C MICE

BEARING EMT-6 TUMORS

INTRODUCTION

The technique of whole body autoradiography was

first developed by Sven Ullberg to study the distribution
of 355=benzyl93ﬁitillin in mice (66). Aﬂéarding to Rogers
(67), this qualitative method of studying the distri-

bution of drugs has several advantages over the quanti-
. .

tative method of sampling tissue with liquia scintil-

#*

lation counting. When sampling tissues a decision must be
made as to which tissues will be examined for their
radioactive content. Whole body .autoradiography surveys

all tissues and organs impartially; Whole body autoradio-

graphs also provide a visual demonstration ‘of the liquid

_scintillétian data which is presented, in graphs and

tables. It is much” easier to see the increised uptake in
some argang relative to%others simply by looking at one
whole body autoradiograph. In the case of the research of
this thesis, whole body autoradiographs provide indepen-
dent caﬁfiriatién of data ﬁbtaingd using liquid scintil-

lation techniques.

66



Whole body autoradiographs obtained at Brookhaven

u National Laboratory, New York, showed high uptake in the
tumors and liver.

Iloeed|

n some cases there was high uptake in
- the gut and Hhag could be the bladder. Mice were killed
24 hours post sing]e or multiple injection. (See Plates E
GF)!. ; . )
Uptake within the tumors was heterogenous. The
distribution of radioactivity within the liver and other
normal tissué appeared more homogenous.
DISCUSSION
These results provide a qga}itative representation
of the quantitative data shéwnriﬁ Chapter Two. The high
uﬁtake in the liver was exée&ted in view afv!previﬂus
. findings. The sections showifhg high uptake in the gut and
bladder indicate the elimination of the 14C-MISO from the

14

body . C-MISO appears to have cleared out of all the

other organs within 24 hours.
. The most impgfiant observation is the high uptake in
the tumors, which are located along the back of the

mouse. Not only is®there a high uptake of drug into the.
tumors but there also appears to be a localization of the
‘ {

drug into areas within the tumor. This_suggests that the

hypoxic fraction within each tumor. is highly variable in

degree and pattern. There does not appear to be a
*, ) -

L
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homogenous distribution of MISO within the tumors as
there is in the liver. This suggests that although there

f

o]

may be a hypoxic fraction in normal tissues, it is not
the same nature as the hypoxic fraction found in tumors.
These autoradiographs vi;u:i]y demonstrate the
liquid -cintillation_.biaéijtributiﬁn data nnqr further
encourage the use of a gamma-labelled radiosensitizer as

a probe for hygexia in tumors.



GENERAL DISCUSSION AXKD CONCLUSIQNS

Experiments described ;n this thesis have demon-
strated that the amount of r:diﬂltgé]led MISO retained by
tumors after a single dose is suﬁibintia{ly‘hijhgr than
by any other tissuelze;égpt the liver. The amount éf MISO
retained by the tumor after multiple doses is bhigher than
any other tissue including the liver. If only the hypoxic-
cells within the tpipr are considered, the tum;r to
tissue ‘ratios are even more dra:atic{ at least 3 to 10
times higher.

MISO clearance follows two phases a rapid phase (43
min half life) showing the release of free MIS0 aﬂd its
1;39? metabolite desmethyl MISO, and a ;lﬁver phasp (55
hr hglf lle) 1nd;fat1ng the ellﬁln;tian of the bngnd
adduct in hypoxic cells, th"thff‘ they exist in hea]thx

"4(’ MISO in "

tissue or tumors. The residual amount of
tumor and normal tissues is likely to be bound MISO HhﬁSE

half-life is similar to the half-life of MISO adducts in

- mammalian cells in vitro. It is suggested that ‘the

hypoxic cells in the tumor are responsible for the
inéréased retention of the MISO. This is ﬁubstaﬁtiaiediby
the multiple dgge'data which show increased binding of
MISO ta mannsl;an fells with intreased exposure tine, and
.hy th- i-aprat-rangl results which show that HISE'dQES”

_ have an gff;nity for damaged héarts with zones of

o~
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hypoxia. Whole body autoradiographs visually de-onstcate'
MISO's affinity for tumors #nd possibly. the hypoxic cells
within. '

Such results are further encouragement to the use of
radiosensitiier’s labelled with gamma e-i_ttipg nuc_l&',des
for noninvasive investigations of hypoxia either within a

tumor or in the myocardium as the result of myocardial

infarction. By depermining the extent of hypoxia in-a
tumor the radiation therapy regimen could be adjusted
accordingly. 1If -a large porti;k of the tumor contained
hypoxic cells, measures to overcome their radioresistance
could be taken. Such methods fnclude using hyperbaric
oxygen, pretherapy transfusions, fractionated radio-
therapy -and chemicél radiosensitizers such as MISO. As
treatment progre§sed,'the extent of hypoxia could also be

monitored. Such an investigative tool . would. be of

significant value in tumor treatment planning.
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