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ABSTRACT i'
"\‘.

-

The potential utility of radioiodinated 51tokvcin in nuclear

bv investigating radioiodination techniques,

medicine was studied
qualdtv control precedures and tissue distribution studies in a

mouse-tumor model. ~

A rapid and efficient procedure for high specific actijvity

radioiodination of bleomvein was developed using a modification ®f é:
L4

the fodine monochloride method. About 807 of the radioactive iodine
present was incorporated into bleomvein within 20 minutes using an
ICItbleomvein ratic of 1:1 at a pHiof 6.5-7.5. The ICl concentration

and the pH were found to be critical parameters for the reaction.and
‘any deviation from optimum values resulted in decreased vields.
The chloramine-T method for the radioiodination of bleomycin

was found to be unsatisfactorv, producine vields of only 30%.

.

\.\.\ e
"AtechmiqueAorTengving free radioiodine from the

reaction mixture was developed using small columns of Dowex 1x4

anion exchange resin which reduced the radicchemical impurities in

solutions of iodinated bleomycin to less than 5%.
A rapid and reproducible method, using instant thin layer
chromatography (ITLC, Gelman Instrument Co., Ann Arbor, Mich.), for

assaving the iodinated bleomvcin solutions for radiochemical purity

»

was adopted which allowed quantitative results to be obtained

i

within 10 minutes.

- : v



a

The criteria for the utility of anv nevwly developed or

L)
adopted technirNes were based on the speed and ease with which the
manipulations cdiuld be satisfagtori]y and. réproducibly performed.
Wien the jodine-125 Jabeled bleomveins were administercd

{ntgavonously into mice bearjng a solid fotm of Ehrlich'g ascifés
tuncr, hipgh uptake of radicactivitv was observed in the tuﬁor
followed by a slow;datc:of clearance relative to other tissues. At
6 hours after injection maximum tumor:ﬁusc]c and tumor:blood rg£i05
af 16:1 and &:1 occurred respectivd]yf‘ iligh levels of radio$c§ivity
were observed in the kidney throughQuL the pcriad of the study.

Excretion of'%adioact@&ity from the Bodv was relatiVely
fast with onlv abodt 30% of the iﬁ;tial dosec remaining at 2& hours.
after adninistration. The clearance of radioacti&ity~from‘ths body
was resolved into a rapid component with a half-time of 0.5 davs and
a slow component Qith a hali-time of aboug 6.2 davs. . These -
COmponuntS represented about 967 and 107 of the initﬁalvﬁosé ré—
spectivelyv,

. ! ' . 1)
‘Tissue distributions of Indium“and iodine labelled
bleomycins were coﬁpared using a mouse-tumor modél. The iodinate@

bleomyecin was rapidly cleared from the bodv and gaye optimum a

tumor:tissue ration of 16:1 at 6 hours after administration

114m

whereas the In-bleomycin was slowly excreted, showed ac-
cumulation of radioactiVity in the liver and spleen, and had
optimum tumor:tissue and tumor:blood patios\éf-S.S:l and 10.8:1

P

respectively at 48 hours after injection.

“vi



{ Nuclear magnetic resonance (nmr) spectroscopy studies
. ; ‘ e

were done oh fodinated bleomvein A

/

, in an attempt to determine
if iodine was beoing covalentlv incorporaped intoe the imidazole

< ring of the B-hvdroxvhistidine moiety of bleomvein.

- ’ N

&
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In 1966, Umczanqand his co-workers discovcrcdﬂﬂgd
investipated the blcu%ycins, a group of antibiotics that were
found to have sipnificant antitumor activityv, particularly in
squamous ¢ell carcinomas and malignant Fvmphomas (1)(2)(3). 1t
was subsequently shown that blcomy("in had a f‘;ivorabl(% t issug
distribution with ecarlv, selective and‘rc]ativcdy high uptake in
tumors (4)(5) and a rapid clearance from the bodv by the kidney (5).
"1t was also fgst:ﬂ)lislnwl that bleomvein was a chelating agent,
existing in nature associated with coppeg (1). ,

As blcomycin was becoming cstab.ished uxperimcnga}]y as a
potentially valuable antincoplastic agent, Fdwards and llayes in

67 .

1969 observed a selective accumulation of Ga citrate in some soft

tissue tumors (6). In the past, nuclear medicine researchers had ™%
. 7

dirccted much of thejir efforts towards developing safe and simple

methods of tumar detection and evaluation in paticents with cancer.
- 67 : 3

The affinity of Ga for lvmphomas and a varietv of carcifomas and

sarcomas offered hope that these objectives could be possibly

satisfied byv.a new class of radiopharmaceutical, the tumor imaging

agent. ‘This class of radiopharmaceutical, ideallv, would accumulate

or localize in'malignant tissues in general regafdless of the
histologic;l type or location of- the tumor. The affinityfof

7Ga ﬁowevcr, was found tg vary with différent histological tumor
types. It be;ame eyidcn;hthat although 67Ga would be useful

clinically, it would not be able to f&1fill the requirementé of

gy

an ideal general purpose tumor imaging agent (7). The limitations

67 » . : .
of Ga led to a continued search for improved tumor imaging agents

N

) ’
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~complex was rapidly excreted in the urine but the long physical

1 Iy
with greater specificitv for maliﬁiunt tissues.  Interest turned
towards agents with a known selective accumulation in tumors and
which tould be casily labeled with a suitable radionuclide.

Bleomyein was found to have several properties which made it .an

attractive candidate {or radiolabeling.  First, it was known to

N 4

have a favorable tissige distribution with a high and selective

uptake in tumors (4)(5), ;Lcond, a major portion of the injected
)

dose was found to he rapidly cleared in the urine and this would

reduce general body background and radiation dose if a satisfactory

-

radiolabel could be found, Finally, bleomvcin was known to be a
chelatjng agent of various cations. In nature, bleomycin was found
to be chelated o conper so that simpké/;ubstitutions for copper
could be made with a variety of bivalent and trivalent calions.

IS8 t : . - .

fhe factors which would determine the usefulness of the radio-

nuclide complex as a tumor localizing agent would include the

. . * . Py ) . i b )
biological stability of the complex, the uptake And clearance of
. L

radioactivity in different tissues and' the physical characteristics
A 3

of the labeliﬁg nuclide. After much preliminary research for a

s 57 ,
suitable cation, Co-bleomycinf was introduced as a fumor imaging

agent by Nouel in 1972 (8).

Co-57,was found to be'tightly bound to bleomycin and the

half-life of Co-57 (270 days) made it undesireable for rohtine
[ . .

e

clinical use (9). To circumvent the problegs associated with a
* . . -

long physical half-life, Merick et al. and Thakur, labeled

111
bleomycin with Indium, a nuclide with a half-life of

\
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procedure has been introduced for

2.81 davs (10)(11). fovever, indium, like iron, is a transition

metal and when it is eirculating in the blood pool it will compete
with iron for binding sites on transferrin (10). Hence ionic indium

is slowlv excreted and ténds to accumulate in marrow erythroid

' 111 .
cells and liver (12). It was quicklv obscrved that 1 In-bleomycin

also gave high levels of activity in liver and bowe marrow and it

was implied that this was duc to in vivo dissociation of thes

nm . ‘
In-bleomvein with the subsequent attachrent of free In-111

to the transferrin (10)(13). It was further observed that

111 o L
In-bleontycin and ionic In-111 reached their best tumor-to-nontumor

ratios at the sare time, about 48 hours post 'injection (14).
In-111-bleomyein gave more satisfactory results than ‘ionic indium
but the fact that the chelate was found to be weak limited the over-

I ~ 111 . . .
all utility of In-bleomycin as a general tumor imaging agent. .

In spite of its shortcomings however, it has continued to generate
Lo ‘ _ ;

clinical interest (15)(16)(17). . .
‘Recently, efforts have been directed towards -labeling

bleomycin with technetium-99m (Tc-99m), a nuclide which as ideal

3

2

physical properties for external scanning (18)(19)(20).' The
99m_ L T
Tc~bleomycin appears to suffer from instability in vivo,

resulting in high background activity-in the bladder, kidneys, liver,
stomach and heart (18). Recently, a‘more efficignt labeling
99?Tc—bleomycin (21). ~Clinical
studies on this.imp}ovéd~product have not been extensively

documented. - . =

One fact has become apparent with all of the ga&iolabeled



¢ A
bleomjcins studied to date. The in vivo distribution and kinetics B
of the labeled bleomycin is a function of the labeling nuclide )
(9) (19) (20). In some way the bleomycin moiecule is modified by
the nuclide so that each comélex demonstrates .a unique set of’
biologiéal propertiés! If this is the case, then merely incorporating
a r;dionuclide-with.ideal physical properties into the leomycin
moleéuie may not bevsufficient 2; prbducé a tumor imaging agent that
is close to the ideal.

Tﬁe objgétivé ;f this research was to 1increase the tumor
specifiqiﬁy of labeled bleomycin by ﬁi}st isolating the most aﬁgndant
and most tumor—active fraction of the bleomycin complex and the®n to.
label this fraction covalently witﬁ a suitable radioactive isotope
of iodine. The net effect of these manipul::ion: shculd be:
decreased baékgrOUnd radioactivity, increased in vivo stability
couplea Qith ideal phvsical propefties for external detection. TFor
clinical‘applications of iodine—bleomycin, iodine-123lwould be the
nuclide of choice because of its near idéal physical attributes but
I-125 was used throughout this study for convenience.‘ ghg parameterg
stu&ied in this thesis relate to the chemical and biological
prqg@rtiés of the iodinated bleomycins. The chquamiﬁe—r and the
iodine monochloride (ICl).methods were used to iodinafe“the bleomycins
vand'their‘cﬁromatographic properéies were then characterised on
various solvent—adsorgent syStems: The biological’behavior of the
iodinaped bleomyciﬁs‘were then studied in normal mice and mice bearing
solid Ehflich's tﬁhors..'Finally; the biélogical pgog;rties of the-

llamIn—bleomycin—A

‘jodinatéd bleomycins and , were compared.
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1. Bjcomvcin

A. Historv and Isolation of Hl(omvcjn

AN

Bleomycin, the generic name for a group of water soluble

- . -. - - . N * .
basic glvcopeptide antibiotics, is produced bv a strain of fungus
N - 4 .
£ :
streptonvees verticillus. Tt was first isolated and described by

Umezawa et al., in 1966 (1). The bleomvc1ns were qiiﬁi:[ed from
colturu broths by adsorption onto activated chafcoal or weakly

acidic cation exchange resins. Tne adsorbed bleomycins were eluted
from the resin with wvater, aqueous methanol, aqueous echanoi, agueous
acetone or water saturated n—butano],ac pH 4.6. The resulting

eluate was‘neucraliced and evaporated to drvness under reduced
pPressure and temperature. The residual gravish powder was a copper

-

containing migure of bleomvcins.

4

B. Separation and Charactcrization of the Bleomveins

The‘crudc‘mixture of oleomycins wao differentfated into 2
fraccions, A ano B, by gel filtration chromatography on sephadex
_G—25 columns (2). "The A components are eluted flrst ané gave Rf values'
on paper chfbmatograms’of/o 88 to 0.99. The B components are eluced
last and have Rf values of.0.70 on paper chromatograms The
deve10p1ng solvent was 10/ aqueous ammynlum chlorlde. The A and B
fractlons could be further resolved into 10 and 7 components re-"
spectively when the crude mixture was subjected to CM sephadex C- 25

column chromatography uging gradient elution™with ammonium formate.

The com?onents have beén-designated as A,, A2, A2 a5

demeth)l A2, 3 A4, AS’_ ¢ Bl’ Bl s BZ’ B3’_B4’ By

All bleomycin A components gave,a‘négative-Sakaguchi reaction

and B6 (2)(3)2 e
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whereas all B components gave a positive reaction with Sakag&chi
aﬁa similar guanidino detecting reagents (1).

The blgomyéins are stab;e invacid and alkaline media. They
are freely soluble in water, soluble in methanol, slightly soluble
infacetoné, ethyl-acetate, butylacetatg and diethylether. These
solubility characteristics‘make it impractical to transfer bleohycin
from aqueous to organic solvent systems directly. The accepted
‘structure for the b;sic bleomycin molecul . i~ shown in figure I (22).
The bleomycin molecule has basic functions with pKa values aﬁ 7.3,

o .
4.7 and 2.9. The guaﬁidino group of the B components is found to
be out of titratable region and is presumed to have a pKa greater
than 11.5. The alpga-amino group of the beta-amino-alanine is free
and is assigned pKa 7.3. The basic function at pka 4.7 is assigned
to the imidazole because of the chemical shift of the, imidazole C-2 -
proton'which is sensitive to pH change aroupd this pka value.Q]The
A—aminopyridine moeity is free and accounts‘for the weak base"at)‘
pK; 2.9 (22. ’

One of the acid hydrolysis products that is characteristic
of all bleomycin;‘iswa befa-hydroxyhistiainé. The nmr spectrum
of this component taken invDZO using tetramethylsiléné as external

refé;ence (delta=o) indicates that the doubletlat delta 9.16 can be

assigned<to‘the C-2 proton of the imidazole ring (23). All

bleomycins differ from one another in their terminal amine group (24).

(

-

In nature, the bleomycins are chelated to copper. The

copper is removed from the molecule by treatment with 8-hydroxy- -

quinolihe; ~The copper free and copper containing bleomycins are



» biologically active! Onlv the copper free variety is used clinically.

- . .
’

The  characteristic Rf and Rm values for the various bleomveins have

7 been tabulated by Unezawa ¢t al. and Fujii S}_él' (21)(25).

-

C. Action of the Blcomveins R

The-bleomveins exhibit activity against a wide spectrum of

badterial cells and transplanted animal tumors. Signi{icant growth

. Anhibition has been demonstrated against Ehrlich's carcinoma and &

sarcoma 180 cells in mice (4). The antitumor effect of each

Pl
bleomycin was tested on Swiss mice which had received intra-
¢

3

peritoneal injections of 2 million Lhrlich's ascigss tumor . cells.

Upoir administration, the A3 and A5 bleomycin components, demonstrated

~
3

.b . . . . .
a marked prolonpation of the mean mouse survival times in doses as

low as 1205 meg/mouse and 6.25 -meg/meuse respectivelv. In contrast,
H g : )

-

the more abundant component, A, required 250 mcg/mouse to demonstrate

2

A similtar vrolongation of survival time. Bleomycin'Bé demonstrated a

significant prolongation of mean mouse survival times at 62.5

meg/mouse (5). Bleomycin A was found to have higher antitumor

activity than the bleomvecin B fractions (5). )
v . {

At the subcellular level, bleomycin caused single strand

scission of DNM in vitro and in vivo and DNA in seunsitive cells

J

was highlv damaged compared to DNA - in insensitive cells (26)(27) {
. -(28)(29). In these studies; bleomvcin was found to'inhibit the
pfdgression of cells through the premitotic (G2) and mitotic ()

phases of .the cell cycle (30). Bleomycin was also found to inhibit

the incorporation & thymidine intd® DNA in synchronized HELA cells,

Ehrlich's cells and E.coli cells. Recently, it has béeﬁ shown
' o : ”



O

-

e

that bleonvein, in

e : i d
without disrapting DA svinthesis, (31), Therctore, single strand

. . Fo. . . !" . . .
scission alone was not sutficient to disrupt cell division. It

has bLoen suppented that the bleomvein may act on the DNA complex

as well as on other nuclear proteins inducing not onlv destruction
o { :
of DINA but also of *the mitotice apparatus such as spindles and .

2

centrioles (37). . &

In any cvent, these interactions, In vitro at least, are
romoted by sulfhvdred com>ou&Js hvdrogen peroxide and ascorbic
3 v I y I !

acid. In one study bleomvein A, was found to demonstrate a

“

preferential- binding to single strand DA over duplex DNA (8).

In vitro, 2-mercaptocthanol was used as the sulfhvdrvl compound.

>

The bleomycein was bound to DNA regardless of the presence or .

absence of 2-mevcaptocethanol.  Strand scission, however, occurred.

.,

only if the 2-mercaptoethanol was present {8),

D. Toxiqigx;of the Bleomveins
1. Sub-acute Toxicity to Mice

The grade and frequency of toxic svmptoms was found to be

’

closely related to dose levels-and injection periods (6). In groups

of mice with daily>intraperitoneg1 injections of blecmycin‘.of

5, 10, 15, and 20 mgykg/day, dirty hair and slight pilo-erection
appeared 4 to 9 davs after‘initial'injection and persisted throughout

the injection period. Backbon® deformation and salivation appeared -
on days 7 to 11 and also persisted.until injection regimen was

terminated.  Nail deformation with reripheral oozing appeared on

day 9 to 11 amd likewise persisted .throughout the injection period. ‘

. .
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) \
A group of mice treated with 1 mg/kg/day showed no toxic Ssymptoms and

T®atinued growth in parallel with control mice (6).

&

2. Acute Toxicity to Mice

The intravenous (I.V.) finjection of 400 mg/kg and 250 mg/kg

to mice caused death in all mice in 5 days. .The I.V. injection of
125 mg/kg caused death in 20% of the mice within 5 days. A treatm%nt‘

regimen e£-62.5 mg/kg 1.v. allowed.all mice to survive and there was

AN

no decrease in body‘weight after > days f.rom «njection. Similar

. . / -
results were reported for intraperitoneal and subcutaneous . o z

adminisz;ation (5). N v ' ~

3. Toxicity to Hiumans e

R

- Clinical manifestation of toxicity to -daily dosage regimens -
. , N
of 0.25 mg/kg bodv weight -were skin ulcerationguwhich appeared
initially asierythema followed in 2 to 3 days by shallow ulceration ‘o

and finally epef ulceration as medication was continued (32). .
Mucosal lesions\ were mainly bucéal, laryngeal or esophageal and

A . ‘ -
occurred within 7 to 9 days from initiation of daily therapy.
Anorexia, nausea, vomiting and weight loss were also observed in

patients. These symptoms were mild and their frequency and intensity

were dose related. Fatigue, fever and chills were observed in some
R .

patients 2 to 6 hours after administration and sﬁbsequently lasting .

N . ) ‘ - /
4 to 12 hours. Mild and severe shaking was observed in some _ e

-,

patients within one-half to-three hours after adminiStration and

lasted for up to two hours.(32)f‘/Tﬁe above complication occurred

< 3

. T
less frequently at doses of 0.1 mg/kg.

Rash and pruritis could be notea.in 11% and 9% of patients, }



respectivelyv.  Shortness of breath and severe cough occurrved in 67 of

pat ients atter a single administered dose of bleomvein., A generalized

headache beginnineg 2 to 8 hours after each dose and lasting 8 to 24

hours occurred in about 100 of patients. Moderate to severe alopecia

coccurred in about 300 of patients treated.  Hair loss was dose related

and developed in nearly 1007 of patients tyreated at higher dosage
e

regimens.  Thickened dre skin and nail chanees were also noted.

'l'hc“m()s;t@s‘@rious adverse reaction to Jbleomvein was pulmonary
toxicity. There was a decrease in lung capacitv and vital capacity
In about one-thivd of patients.  The pathological Dicture associated

with bleomvein therapy was that of interstitial pulwonary fibrosis

and alveolar squamous metaplasis and hvalinization.

[y

. Hematological studies indicated that leuk openia occurred in
. Yoy : N R . . PN : . ¢ N N o
about 297 of patients™vjth an average nadir 4t 11.9 davs and an

averape return to pretreatment levels at 16.5 davs. Thromocvtopenia

. . . ’ ‘
was observed in 397 of patients. Slight hemoglobin depression

. i Ll
occurred in 587 of patients. No changes were found in serum proteins
or in clotting profiles.” There have been no cases of severe
hepatotoxicity reported (32).

E. Clinical Uses of Bleomvein w
2] ’f ’

P
The commercially available preparations are mixtures of the
J

,copper-free bleomycins. A typical batch contains: A2—48%; B2:27Z;

A=273 Ay, AS, B, all less than 4% (7). ,.

Bleomycin is currgntly used as a palliative treatment and/or
adjuvant to surgery and ratiation therapy. Bleomycin is used in the
. ¢ '

management of: Squamous cell carcinoma of the head and neck,



including mouth, tongue, tonsil, nasopharvnx, oropRarvnx, sinus,

. M . - . . I3
palate, lip, bhuccal mucosa, gingiva and epiglottis, skin, larynx,
pardlaynx, penis, cervix and vulva, lvmphomas, Ssuch as Hodgkin's and
reticular cell sarcoma, testicular carcinoma, such as embryonal

s

cell sarcoma, chorio-carcinoma and teratocarcinoma (33)(34).

F. Biological Studies of Bleomvcin
/f ~

1. Absorption and Excretion of Bleomvcin

Bleomycin is rapidly tiken d% into blood from the site of
injection and‘rapidly partitioned to the body tissues (7). High
concentrations of bleomyvein can be detected in blood 10 minutes
affer subcutaneous injection. In a study by Ishizuka, mice were
injected subcutaneously with 50 mg/kg of bléom;cin A complex (5). |
Blood levels reached a maximum in 30 minutes and fell to less than
half of this maximum value at 2 hours after injection. Only trace
quantities of bleomvcin was detected at 4 hours post injection.
Uriﬁe levels peaked a£ one hour after injection and then slowly
decreased until only a trace (one mcg/ml) was detectable at.24 hours.
About half of the injected dose was cleared through the kidneys
within A hours of injection (5). The concentration of bleomycin in

this study was determined by the cylinder plate bioassay method

using B. subtilis as she test organixm (5).
. /./
2. Tissue Distribution of Ble@mycin

Two types of assay methods have begn used to study the tissue
concentrations of bleomycin. The bioassayj,or cylinder plate

procedure, uses a test organism with a quantifiable sensitivity to

the antibiotic. The bioassay method reflects the concentration of the

™



antibiotic that is extractable from the Uissues in active form. A

-

tissue distribution study using a mixture of the A bleomveins was

carried out in groups of norfal Swiss mice and Syiss mice bearing

solid Ihrlich's tumors (5) (6). Tumor mice were produced by injecting

about 2 million Ehrlich's ascites tumor cells subcutancouslv into

the temoral region of the right lep:  The tumor was cultured in the b

wice for 10 davs before the bleomyein was administercd. High con-.

\‘vntrn&ions of bleonvein was dotm*t'vd in the lung, Lz\1§111<'}‘, skin

and tumor.  Bleomvein remained in the lTung at higher co‘n(‘vntratimls‘
L}lm.n in the kidney or blood at 3 hours after injection (5). Th‘c

concentrat l'()I; of bleomvein was higher in the tumor than in the T

\

Hvery muscle, testes or spleen at 3 hours after administration.

he results ohtznn@a In normal mice wetre not found to be P

sipnificantlv Jifforent from results obtained tor tumor bearing

4

mice (6). .

An alternative approach to the study of bleomvcin tissue

distribution used tritiated bleomycin complex, which is composed

mainly of /\'2 (487) and B, (277) ~(7). The radioactive bleomvcin

complex was injected subcutaneously into normal mice. The mice

<

were sacrificed after 1 hour and the distribution of radiocactivity

was determined. High concentrations of bleomycin was detected in

skin, kidneys, testes, peritoneum and urine (7). The tissue con-

centration of bleomycin using the radioactive tracer technique

was always found to be higher than the concentrations-as determined

2] . N '
by the bioassay or cvlinder plate technique. Contrary to other v

< : : z
organs however, the amount of bleomycin in the blood shown by the’

. . I ' \
cylinder plate method was higher than the concentration shown by



the radioactive method. These results suggested that all organs to
£
varying degrees contained a bleomvcin inactivating substance.  The

content of this substdnce was significantly lower in squamous cell

carcinoma in rouse skin thar in other tissues (7). P
G. Chemistrv of Bleomvein: Chelation Chemistrv

The tumor specificity of 67Ga citrate and.its clinical
usefuiness to cancer diagno§is led to a continued segrch for sub-
stances with even greater affinitv for tumors. Reseérch efforts
were directed towards radiolabeling tumér specific chemotherapeutic
agents. Bleomycin had established antitumor activity and favoerable
.biological pr;perties. Like most antibiéticé, bleomycin was also a
.chelating agent kl). The structural componentslof the bleomycin
wolecule had a number of site; where coordinate bonds could be formed
with metal cations (22). The mechanism of chelate bond formation
between the reactive spec@es is beyond the scopé of thislthesis.

¢
However, a discussion of the general nature of thF thelate bond

may be useful in providing an insight into the approaches that

have been taken in the radiolabeling of bleomycin.

1. Electron Donors and Acceptors in Chelation

The phenomenon of chelation has been reviewed by Ahrlénd (35)
in general and Sundberg (36) specifically as it relates fo histidine
and the transition metals. When the water molecules surrounding a
metal ion_afe replaced by other'molécﬁles 6r.ions; the resulting
substance is said to be a metal complex or a‘metalAcoprdination
compéund. The' group which combinés with the metal ion is called

a ligand. The type of bonding between the metal ion‘and the iigandv

@ - 3
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can vary from one that is primarily electrostatic in nature to one
that 1is predominantlv covalent (35).. The function of the ligand

is always as an electron donor to the metal. A chelate is a metal
complex in which there is more than one donor atom, and thesé donors
-are attached, directly or indirectly to each other and to the metal.

Thus the metal becomes part of & ring system (36).

Donor substances can be grouped in two gencral categories (36).

The first category includes alkenes, alky es. aromatic hydrocarbons
and their substitution products. These are classed as 7 donors, that

is, the electrons that are available for sharing are those contained
WA

in 7 molecular orbitals and the adducts which they form are called =

»

complexes. Thev can be described alternately as "outer" complexes

since the acceptor atom does not penetrate deeply into the m orbital
‘ J

The second major class of donors encompasses a large group of

of the donor'(37)

substances in @hich there are non-bonded electrons (lone pairs)

available for coordination (37). These are called n-donors and they

»

include such groups as the oxygen of hydroxyl and carbonyl groups,

iodine and sulfur of. the organic iodides and -sulfides, andlnitrogen

bases--in which the lone pairs'are 1Qca€eq in the atomic orbital of
the respective atgms.‘ .

The various acceptor and donor classes have been characterized
on the basis of their degree of polarizability which has alproﬁoﬁnced~
influence upon complex form@ation. Those ‘groups with a high>degree
of polarizability are classed as»”s%ft” while those with poor

ia . -

olarizability ‘are classed as "hard." . "Soft" metal acceptors possess
P re P
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Iarge numbers of d-clectrons in their cuter shells which can be ,
casily dislocated or polarized. These "soft" acceptors, tend to
form stable chelates with "soft" donors (35).

Acceptors which are classed as "hard” are not readily
! 1
o . - T . . [N '
polarizable and prefer to form complexes with donors that are "hard'.
A typically "hard™ acceptor is alwavs characterized bv high charge .
and/or small radius.  Consequentlv, the hardiess ofan acceptor will

tend to increase as its oxidat fon state increascs (35)(37). The

- . . : o ; . '
differcence i chemical behavior characterized ashard" and "soft
Is duc to dirfering nature of the bonds formed between donor and

1]

accentor.  Bends Normed between "hard" acceptors and donors are

nmore clectostatic, or ionic, in nature vhereas bondsjformcd between

'soft" acceptors and donors are fore covalent. The character of the

- 1

two bonding patterns depends on: the nature of the solvent systen.
The ¢lectrostatic interaction between anv two charged particles is

stronﬂcr-iq a medium with a low diclectric constant. Water has a

high dielectric constant and aqueous solutions therefore represent N
an extreme of low electrostatic interaction (35). A bond formed by

a gertain acceptor-doror pair will tend to become more electrostatic

'in character in non-aqueous solvent systems.  The dielectric con-
stant indicates that the molecules of a solvent are strongly polar

v Y , e
‘and they will interact with ions ‘and other dipoles present. This

o

interaction is-especially strong with metal cation acceptors, as

they are generally small and often high in charge. Metal ions tend o
-

"to be extensively solvated in all solvents of high dielectric con-
stant (35). Thus, the solvent molecules act as ligands in

Compétition with other ligands present in Solﬁtﬁon. The inter-

.
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action between solvent dipoles and other ligands is relativelv weak
as the typical lievand is elther an anion vith a rather largo radius
and often hlth ]OUKChﬂTVU Or a neutral molecule. The fluoride jon
and the sulfate ion are exceptions to this rule (36). Thus, ‘ '
electrostatic forces ip aqueous medfum are minimized, while tho.\
Lendoncy for covalent bond formation, vhich is responsible for

\ .

"soft" behavior, will remain, as it is essentiallv a propertv linked

to the electronic configuration of the acceptor. In summarv then,

.
.

for the formation of a complex between a hard donor and acceptor,
strene bonds between these and the water molecules of their hvdration
shells hav; to be broken. This takes much energy which is not
completelv regained by formation of the predominantly electrostatic
acceptor-donor bond. The 7et reaction tends to bé endothernic.

The resulting liberation of several water molecules from the hvdration

shells implies a large gain in entropy wiiich constitutes the driving

)

force of the reaction between hard .particles (35).
Soft donors and acceptors interact onlv weakly with water
dipoles. Thev are not extensively hydrated. The complex formation .

will not imply any large liberation of water molecules and hence no

large entropy gain. The formation of a covalent acceptor to donor
bond however is accompanied bv a large évolution,of heat which con-
‘stitutes.the driving force. for this.type of reaction (35). ' .

LXperlmentally, it is found'that hard acceptors show a
: : o
strong preferencc for oxygen donors—-thus oxvgen is classed as a
- : ]
"hard" donorQ ultrogen donors form complexes in aqueous sclution

‘ ' ' +3 +2 :
with most soft and medlum hard acceptors sych as Co » Zn" " but not

19



N
with very hard acceptors. Niwrogen therefore is classed as a "soft"
acceptor. A mixed oxygen—nitrogen donor such as 13 peptide, should
combiné the affinities of oxygen and nitrogen donors and should thus
, form strong complexes with a large variety of acceptors (38)(39).

) Organic suflides can also act as ligands. Sulfides are

- : . ‘,d
strongly basic and hence like ' nitrogen, can be classified as. "soft"..

Highly stable complexes are‘formed Qetween sulfides and acceptors

‘ n 1 [ 1A ' T +2
classified as both "Hard" and "'soft'. 'Hard acceptors such as Fe |

2

+3 +2 +2 +2 _
and Zn can form stable complexes with sulfides (35).

Co "y Ni 7, Cu

v

2. Imidazole and Metal Iﬁtgractions

The imidazole molecule is classed és an aromatic heterocycle,
'It is structurally related to both pyridine and pyrrole (40)'4 The
so-called pyrrole nitrogen has.2 electrons in an unhybridized
P-orbitql while the pyridine;ﬁjxogen has a lone, nonbondgd, pair
in ; hybrid ofbital aqd a single eleétron‘in a P-orbital (41). The
- coordination site on imidazole can be recégnized through consideration
of the molecule's aromaticity. The pair of electron;'on thg pyrigine
nitrogen can be described as being unshared. The = electrons of the
pyrrole qitrbgen are a part of the arématic sextet and anyv bond{ng to -
this position would éompromiée the-aromaticity of the molecule (36)
(40). |

In aneOus acidic solutions.imidgzole will'undergo protonation
at fhe pyridine nitrogen to give the imidazolium cation with one
éoordinationléite (36). | '
Tbé ylide formed by the déprotonatibn of the‘imidagblé cation

at Carbon-2 can play.a significant role in the'chémistry of the



imidazole group. The most stable ylide is formed by the deprotonation
at a carbon which is bonded to two positively charged nitrogens (36).

This is another coordination site for cationic imidazolium. Imidazole
1

-

éossess two properties, basicity and T electron acceptor capabilities.
Thus-the ring system tends to be amphoteric being a moderatély strongh
organic base capable of accepting positively charged species at the )
pyrldlne nitrogen as well as a very weak acid capable of loosing*
protons from the pyrrole nitrogen. In solutions neaf neutrality the
unbrotonated imidazole usually functigns as a ligand by the unshared
pair of electrons on the pyridine nitfogen (36)(37)(38). In acidic

media the ylide becomes important while in basic media the anion form:

becomes the important chelating species (36). -

3. Bleomycin as a Chelating Agent

Bleomycin has been labeled with a large variety of metal
cations (42). Renault et al. has presented data showing that each
mg. of bleomycin possessed a blndlng capacity of 26mcq of copper (cut?)
25mecg of zinc (Zn+2), l7mcg of cobalt (co* ), 15mcg of nickel (Nit?)
-and 9.5mcg of mercﬁry (Hg+2)L' Iron and all other metals tested by

Renault had a blndlnq capacity of less than lmcg per mg of bleomyc1n

(42) .
The factor iimiting the usefulness of most of the bleomycin-
metal complexes has been their 1nstab111ty in vivo (9)(10)(11) nly

s

the bleomycln complexes of copper (43)(44), indium (10), cobalt (8)
(4@3, platinum (46) and most. recently technetium (20) have been found

to be stable enough to withstand-figorous‘bioloqical testing in

.
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animals and humans.

It is apparent from the previous discussions on chelation that
bleomvein has a nurmber Qf rotential coordination sites. The reaction
conditions to which the bleonvein and the metal cations. arc subjected
will determine which Tigand ATOUDS the metal will use prcfvrcniially

{ T~

N7 .
as electron denors.  This wi]T“dOLcﬁmine not v o the stability of

the complex but dlso to what extent the radionuclide vill wodifyv . the

biological properties of the bleomvein (35) (30) (37).

4. Chemistry of Radiolabeled, Bleomveins
A brief survey of the metheds that have been uscd to label
bleomvein with cations indicates that the procedure for divalent and
Lrivﬂlunt m;La]s are different (9)(11).7 The following iﬁ a general
summary of these labeline methods.  No attemnrt has been made to
4
determine if these represent optimun conditicns for labeling., Tor
some metals these reaction conditions will produce stable bleomycin
- . .

coinplexes (9) (10)(11), while for the other metals such as gallium,
zinc nnd'mvrcury stable complexes were not produced (42).
A Labcling Procedures .
(i) Bivalent metal cations
N :
The radionuclides of bivalent elements are chelatcd to
bleomycin by mixin® the t@o solutions together at room
temperature. The reac%ion can tége place in neutral
or acidic solution (10)(11)(42)(43).

(i%) Trivaienﬁ Metal‘Cétioﬁs | |

The radionuclides of trivalent metals will not chelate

toranyv great extent with bleomvcin under reaction

to



b.

Labeline

(1)

conditions that are suitable feor Bivalent metals.  Yor

example, under the conditions for bivalent metals, 1 mg of

bleomvein will bind 9.75 mep of indium whercas when the
)

reaction conditions are noditicd, as described below,

‘.

- i 111

the bindine capocity of bleomyveid fYor In incredses to
80 mey (11 VYor trivalen I;.".'\‘t\l}ﬁ‘ the radicnuclide
and bleorvein solutions must be both adjusted to pi 1.5
before soixines. Jhe solutions arce then mixed Lon-t}n:r
1 ' 1 o W - S H

and then the pioor the mixture Iy slewly adjusted to

G000 = 7.0 (91 (1) Whenever a chedating agent binds
to a metal, there nust be a dvffnitq molar ratio hetween
the twe if complex formation is to be cwmplctu_(l()); It
has been found empirically that 5 mp of bleomvein in a
5l reaction mixture is the minimum quantity. that wil]

. . 111
cive adecenate labeline with 2 o€l InC13 (14).

r
Procedures for Technetium-9fm
Stannous: Ascorbate MMethod
~ o . - .
“Fifteen mg-cquivalents of blechvein was

dissolved in 5-10 ml of pertechnetate solution. To this

solution was added 150-230 mg of prepared stannous

chloride (SnCl, * 2H,0) in 1 X HCl. The pH was adjusted

to 2.5-3.0 ana‘after 5 minutes of cdnstahp'stirring the
reaction was terminated by the addition of 1-3.of
ascorbic'géid. The pH was then adjﬁéted»td'?.o (205.
Stannous Pyrophosphate Method e

Fifteen mg of bleomycin was.diésolved in 15-30mCi



v of pertechnetate solution. - Then 4-11 mep of stannous

pvrophosphiate was added to the mixture.  No pltoad-
Justment was required and no purification steps werce

needed (210 .
' . .

5. Chromatarranhy o1 Radiolabeled Bleomveine,
Unopaper chrematorrams developed with 107 aqueous SH,CH, A

vas tound to have an oot 0.88-U. U4 while ¥ had an 0 of (.66-0.70

)
(). On silica gel thin laver chroratoorans Jc\w)hwpcd with 107 »
NS qre [P A - . : - . :
Jn,UuLLsz(ujWn (1:1), A, had an RYoor 0050 vhile B ohad an & of
-4 . . - - L‘

“ -
oos. hadiolabeled bleeaveins have R values that Cﬁ?;cﬁpuhd Lo thv
unlabeled bleomveias ()10 U1)Y(20) (43). Paper chrematovrams {or
\
determinine free pertechnate can be developoed with 857 methanol.  With

this svstem, labeled bleomvein will ﬁtdé at the oriyin while frec

Pertechnetate will move to RY 0.0-0.7 (21

Thin laver chromiatography usdng aluming as adsorbent and”

WKHB:CHSUH(I:I) as developing solvent will separate reduced

. ' L 99m, - ;
frictate, Rf 0.08; ch—hluuwy01n, Rf 0.006-0.7y and free

hﬁctutv, Rt O.S (21). Indium-111 chloride at pH 7.0 has an Rf

“

.00 to 0.08 on cither paper or TLC silica ged¥ using 107

fl or 107 xH OOCH3:CH3OH(I:1) solvent svstems respectively (11).

. o

:ér neutral conditions, colloidal insoluble.“lln(OH)3 was formed

P v

ile at pH 1.5 1”’InCl3 migrated with the solvent front (11). A -
similar reaction pattern was cbserved for gallium. Cobalt-57:chloride

- ~

was observed as a fast moving peak that ran to the solvent front and

did not, interfere with A, and B, Rf{ values on silica gélwtlc and

aper_chromatograms "(9).
paper,



bo o Stability of Radiolabeled Bleomveing .
L4

a. Indium=111 Slceomvein

. -

;-
. . 111 ) ‘ .
the sthermal stability of In-blcomvein as prepared above
v . I 1 ° . N - w(‘ .
Vas beund to beoceellents The product was incubated at 37 C for
Cey , . N . . b O . ‘ i
2B hours and suteciaved Tor 30 minutes att 121C and 15 psi. There
Was o reportoed loss or tabel (T1)(14) . The chemical stalil ity of
11! . . ) . oy . . . . N
In=biconvein wos challeared in vitro by Incubating the radice= 3
L A R S
pharraceat ool with cscess Ca ions and Cua tons at reon temnerature.
+
Indifum-111-1 o cin v Tound to be stable in the presence of Ca
: .. D B : . :
Sut ovan unstel le tonards Cuo 7L e In=-bleomvein Tabel vas con-
.+.')
pletedy destrore i in 1 hour b the presence of Cu "L Thi SUREests
. ey s 1 Lo . . . . - . +2
the possibility that In=bleemvein mav dissociate “in vivo when Cu

Is cocountercd (i), TBais would net bHe uncxpected since bleooavein is

K to form very stable chelates wvith-coprer (1).

oL Cobalt=n7-Bleomvein

This complex could be,autoclaved without any apparent ia-

(92

stabilitv. 1t has had extensive use in animal studies without any

apparent digssociation of the label (11).

H,  Biolovical Studies on Radiolabeled Bleomvein

1. Animal Studies © 7 : . ’
a. Cobalt-57-Bleomvein ‘ :

. . . 57 . o oy C e '

The distribution of Co-bloomycin has been studied in Swiss
- ° . - . ) , . ’

mice bearing solid Ehrlich's tumor’ in their femoral -region (9)(45).
Tumors were allowed to develop for 10 davs before distribution studies
were initiated. Co-57-bleomvcin was rapidlv cleared from the blood <

- . R <

. . -1 . . . .
with-0.54% dose gm ~ at 1 hour post injection fallirg to 0.027 dose

! a ©



- -1 ) e
gm at 4 hours. The rate of blood clearance was not found to be

. . ' . 57 .
dose dependent (9) (45). jfrong uptake of Co-bleomvcin was found

. _.1
in the tumer and muscle, 3.73 and 2.31 I dose gm respectivelv at
~ = ) :
1 hour post injection. The radioactivity in the tumor was found to

decrease more slowly than the radioactivity. in the muscle and at

/, 2/ y i —1 / 70

% and X4 hours post infection the I dose gnm was 1.34 and 0.72 for
tumor and 0.06 and 0.03 for muscle (9). Tumor to blood and tumor to
muscle ratlos reached near maximum values at 4 hours post injectienq

with a definite maxinum evident at 24 hours (45).

N

Individaal bleomvein fractions A, Al,'demethyl A, and B, were
’ ) B . B ’ B .
fsolated and Tabeled with Co-57 (47). The biological distribution

In rats bearing tumors showed significantlv higher concentrations in

“

tuners at Xthours for fractions A, and B,. The other fractions

- A

studied did not reach asrhigh a4 concentration in t@mors. . The tumor
to blood ratio tor the AZ and B fractions were not significantly
different from the tumof to blood ratio attained by the bleomycin
mixture suggesting that the concentration of thc:bleomygin in ﬁhq

tumor was related to the bBlood concentration (47). Maximum tumor to

blood ratics of 31:1 were aghieved at 24 hours (47).

)

o R -5 .
The tumor uptabe 0! Co-bleonvecin was compared to the uptakes
hY 111

attained with fa-bleomvein and In-bleomvcin (9)(45). Absolute

tumor ubtaxe of the 3 labeled bleomveins were found to Qg,about
- R N c . ’ ' \
equal Tor solid ;er:cn's tumor in 5Swiss mice. Therefore, the tumor

~
-

' . : . 57 .
to blood and tunor to tissue ratios were superior for ~ Co-bleomycin®

at 24 hours (45). - o S :

ro
o
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be o Indium=-111-Blconvein

" . . 11 . . .

The kinetics of In-bleomvein has been studiced in 3 mouse
tunor nadels involving transplantable tumors of lung, skin and bone
origin (14).  Two parallel groups of ARK mice bearing the Ridgewav
osteogenic sarcoma, C575/6 mice bearing Lewis lung tumor and B-16

mebanona implanted subcutancously 1-2 weeks before tissue studies,

- , 111 . 111] . .
were Iinjected with In-bleomvein and lnC]3. Fhe mice were

. . e 111
serially sacrificed at 1, 6, 24 and 48 hours. The InCl3 tumor
. 111 , - 111,
concentration was greater than that of CIn-bleomvein. The InC13
0
however was tound to be ¢leared more slowlvy from the blood. The

‘ -

tumor to bloed ratio for both agents were preated than 9:1 at 48

hours post injection (14). The ratios of tumor to non-tumor tissues

¢

! o . . 11 .
were very similar for both agents suggesting that In-bleomvein mav

dissociate in vivo. This would tend to confirm findings by Thakur

. .11 111 .
et al. which showed that the In of In-bleomycin is found on

transferrin within 4 hours post injfection in man (10). Bhakur has

suggested that there might be competition by transfe}fin for the

l — .

1 - , '
In label and/or exchange of serum cations for the chelated

indium (10). The highest rétios of tumor to blood occurred at 48

.S
hours in all three tumor models. C o ﬁ
A

. 3, [V

This study was in partial agreement with that of Umezawa (5)
on the distribution of unlabeled bleomvcin in mice bearing Ehrlich's

tumor. Both studies indic¢ated that tumor concentrations of the

3

radiolabeled and mon-labeled bleomycin were at a maximum 1 hour post

. ; ) 111 . .

injection. The concentration of In-bleomycin in many tissues at
' ' 4, ,

1 hour however was close to that of the tumor level and this was at

NS

~J

&



variance with the data presented by Unezawva.  These facts, together
' 57 67
. . YN . .
with the studies presented for Co and " Ga bleomvein sugeest that

the metabolism of bleomvein was profoundly affected by the character
of the Tabeling nuelide (9).
¢ Technetium=99n-B1ceorein
Hanv oinvestipators have shown interest in labeling bLleomvein

. Co 99m ) ,
with Technetium=-99m ( [c) because of the highlv favorable phvsical
characteristics of this nuclide. Farlv attempts at labeling proved

s ———

to be unsatisfactory and poor in vivo stability was observed (19).
L ) o

Later attempts nodified the, stannous chloride Tabeling procedure
unt il good vields and thtcrﬁ&l)glgrslnbility of the product was
obtained (18)(21). One studyv (18), used Balb/C ﬁicc bearing a trans-
planted KHJJ carcinoma in the flank. Tissues studies were conducted
at 1.5 and 6.0 hours post injection. High gngc activity was ob-
served in the kidnevs at all time intervals studi;d. Concentration of
activity in the tumor was high rclative to muscle and brain and low
relatiye to activity in -the liver, sbleeng'stomach; lungs and skin.
Tumor:tq blood rétiqéﬂincreased from 1.7 after 1.5 hours to nearly
3.0 after 6.0 hours.‘ The mite were found to excrete 80% of the ad-
ministered dose in 6 hours and 887 of the dose in 24 hours.

A second study (20) used mice of the A-Jackson strain bearing
a transplantable fibrosarcoma MCS approximately 1 cm in diameter in
the shoulder region. Mice were serially sacrifited at 30 minutes, 1,
2, 3, 4, 6, 12 and 24 hours. Highlihitial uptake of radioactivity
Qas observed in the kidnev, gut, tumof, liver and stomach. Rapid

»

declines in radiocactivity were observed in blood, lung, stomach,



}’. \
spleen and liver. Concentration of radioactivity in the tumor
declined less rapidly and maintained a constant level from 3 to 24
hours post injection (20). In tumor, 1% of the dose localized in
< ' i
30 minutgs and 0.587 was retained after 24 hours (20). The slow loss
of activity in the tumor was associated with a 9-fold rise in tumor
to blood levels over the interval of 30 minutes to 24 hours post
injection. The study also noted that Tc-99m-bleomvcin-lost most of
its antimicrobial activitysbut retained its abilitv to concentrate
in various kinds of malignant tumors (21).
d. Platinum-195m-Bleomycin i
Tissue distribution studies were done with mice bearing
Ehrlich's ascites or Lewis lung carcinomas (46). It was found that
195m_ . . .
the Pt-bleomycin complex gave tumor:non-tumor ratios similar to
: s . 111 . .
those obtained with In-bleomycin (46). However, the platinum
complexes were found to be very stable in vivo and were excreted

unmetabolized. High blood activit’y (0.507 dose gm_l) was found at

48 hours post injection (46).

2. Clinical Studies opJRadiolabeied Bleomycins
a. ,Co—57—Bleomycin

In spite of its unfavdrable half life, 57Co—bleomycin has
gontinued to generate intérest clinically. A 66% accuracywéf
diagnosis was foﬁnd in one study involving humans with known tumors
(48). The rate of écguracy by‘tude type was found to be 75% for

ES

lung cancers, 887% for squamous cell ¢arcinomas and 100% in anaplasthﬁ

~ ——
B

cancers (48). Sequential profile scans showed high activity in tQé"

kidneys and bladder immediately after injection. The total counts



30
&
decreased to 1/2 of the initial counts at 5 hours post injéction and
to about 1/29 at 24 hours, indicating a biological half-life of about
5 hours (48). The positive tumor detection rate of 667 was found
- . . . . 67 . -
to be slightly inferior to the detection rate for Ga-citrate but
o ' - 57 . .
the false positive rate wvas lower for Co-bleomvein (48). One ad-
57 :
vantiage ot Co-bleomvein was that it had no affinity to bone. Thus
It was relatively casy to find areas of increased activity adjuacent
- o . 57
to-skeletal masses-(45).  In a preliminarv clinieal trial Co-
bleomvein was found to successfullv identify the presence and extent
of pancreatic carcinonas (49).
. . 57 . .
In a more ¢tensive study, Co-bleomvein was subjected to
N P N . . Lo . 67ﬂ .
a compunﬁélve ¢linical evaluation with ~"Ga-citrate (50). The con-
e ‘ _ ,

.
. ) ; ) 57 .
clusions reached, using only S0 patients, was that Co-bleomvcin

L

/

displaved a greater detection rate for epldermoid carcinomas. There
p . ,

o , 57 . 67
was found to be no difference between the Co-bleomvecin and Ga-
citrate for detection rates in adenocarcinomas (50).
b. In-111-Blcomvcin

. oo In . L

In an evaluation of In-bleonycin as a tumor imaging agent,
-whole body scans.were performed on a large number of patients with a
variety of active tumors (50). In this study there was an 89 overall
true-positive rate and an 117 false-negative rate. The true-positive
rates by tumor type were: adenocarcinoma of gastrointestinal tract
origin (95%), lymphoma (887), melanoma (87%), sarcoma (82%), lung
(77%) , breast (77%), childhood tumors (71%), gynecologic tumors (70%)

o
and genitourinary tumors (68%). 'Soft tissue and lymphatic sites of

tumor, both above and below the diaphram, were easily visualized where~

as hepatic and bone marrow sites of involvement were less easily dis-



P

cerned (50). False-positive uptake was noted in the lungs (67), Cut
(37), mediastinum (2)) and normal breast tissue {0.87) and in the
. . . 111 )
occasional inflammatory lesion. 1t was concluded that In-bleomvein
was ol fective as o tumor-imaging agent in patients with a variety of
sobid tumors.  Significant advantages over-other similar tvpe agents
include: a broad spectrum of tumors taking up the radiopharmaceutical
and a better delineation of abdominal and pelvic involvement due to
lack of interference trom gut uptake (59).
111 . . .
In another studyv, In-bleomyein was evaluated as a diagnostic
apent for tunors of the thorax and abdomen (51). The principal sites
of bleomvein destruction was found to.be the liver and splgen (5) and
, L1 g , \
these were the sites where I'm was found to be deposited. Ex-\-
cretion was fouad to be more exclusivelv bv th¢ renal route altheugh
some hepatic excretion was observed in rarg instances (51). The high
uptake in marrow, spleen and liver precluded the identification of
¥ B
lesions in or overlving these tissues. This study also concluded
111 . ' . . . ’
that In-bleomycin accumulated in a wide variety of neoplasms. Among
oo “
the tumors detected were primary and secondary carcinomas of the breast,
bronchus, colon, rectum, ovarv and prostate (51). Some, butinot ali
. i . 111 " .
inflammatory lesions were found to take up the In-bleomycin (51).

-

Indium-111-bleomycin was eValuated»as'an‘agent for the "

-

detection of malignant melanomas (52). An overall detection rate of

64 was demonstrated in cases with known melanomas™ (52). The authors

111

- concludey on the basis of a sémple size of 51, that In-bleomycin

was useful as an adjunctr in the evaluation of metastatic disease in

-

malipgnant melanoma (52).

i
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Another study evaluated the role of lln—blcomycin in
scintigraphy in predicting the nature (benign or malignant) of
palpable breast masses (53).0 The sensitivity (the percentage of
proven mal Lgnant turors showing abnormal accumulation) was 717. The

o1 . S -
use of In-bleomvein scintigraphy appears to be a4 promising non-

L .
invasive technique for the evaluation of palpable breast masses (53).

v 111 . ;
When In=-blcorvein breast scanning was compared to other non-

invasive techniques in the detection of maligrant primary tumors of

lllIn .

the breast it was found that ‘mammegraphy was superior to -
. . . rd

0y

R
bleomvein scans vhen patients with known breast tumors,wer@?ﬁva]uated
<

(54). However, when the.two techniques were used ‘as screening tests,
that is, wvhen thé patients examined had non-palpable masseé, the
specificity of mammographv fell so that in»thié instance the over
all §ccuracy for lllln—bleomycin_was better than that of mammography
(54)..

Indium—l]]—b]eomyéin was evaluated;as a t%mor écanning agent
in pediatric oncolcogyv (55). A true—positive rate of 837 was found
while false—negatives'were 7Z and‘falSe—positives were 10%. The

radiopharmaceutical was found to localize in manv sites which were

not suspected clinically but which subsequently were shown to have

y o .
‘malignant involvement (55). One advantage sited in this study was

the lack of significant bowel activity thus making visualization of -

abdominal and pelvic masses easier (55).

.

Finally, a study has been reported involving-lllInebleomycin

sEdnning of normal patients (56): The objective was to critically.

evaluate the .pattern of distribution in normals. A large proportion
- . \



e ' .
of the patients showed relatdvely hieh uptake in bone marrow. Very

Y

high uptake in the kidaevs was observed in about half of the patients

d o ) :
studied. Liver activity was equal tb or greater than renal activity
in all cases (56). S$nleen activity was also found to be relatively

©

high and about c¢qual to accumulation in the bone marrow. Cardiac
gpd luﬁg rogioﬁs showed a:yariable pattern of uptake with no large
or unusual arcas of radioactivity (565. The abdomen showed unusual
accunulation in parts of the large colon, possibly indicatingL
hehagic ckcrgtion (56). The highest concentra§ion_of 11n—bleomyciﬁ
was found iﬁ the liver and kidneys while little or no accumulation
wdas found in the abdomen and pelvis 656). +
c. Technetium-99m~Bleomycin

In this study, bleomvcin was labeled with 99mTc using the
stannous chloride and ascorbic acid methOd.(2Oj.> fﬁ'ﬁatients,
positive tumor-images were obtained by scintigraphy as eafly as 1
‘hour after administration’ (20). In 53‘cases Qith various malignant
tumors, the tumors were detected at g r&te of 80%. Technetium-99m-
bleomycin scjntiéraphy successfully detected tumors -of the thyroid,
lung, face, neck; breaét, extremity and digestive tract and was also
uséful in'loéating’metastatic lesions and brain tumors (20)5 It

W

' - 67 C - , :
was found that Ga scintigraphy gave a better detection rate for

/

patients with malignant lymphomas (20). A low rate of accumulation

was observed in inflammatory lesioﬁs for 99mTc—blebmycin (20)." One

ledisadvantage with 99mTc—bleomycin was observed. The‘high radio-

. . . . . Q .
activity distribution in the kidney, urinary bladder, nasal area. and

circulating blood pool caused difficulty in interpreting scans-in

B

33



some cases (20). This high accumulation of activity may be associated
with ﬁhe low tumor detection rates th?t Qere observed for patients
‘with cancer of the esophagus and abdominal and pelvic organs (20),
d. Iodinated Bieomycin

Recently, bleomvcin has-been covalently labeled with radio-
active iodine (57). . Animal studiee indicate that tumor to bloodl
and tumor to muscle fatios were optimal at 6 hours 2955 injection.
The radiophafmaceutical wae found to be-r"piqiy excreted and only 83,5%
of the initial dose‘was found in the boey at 6 hours ég§£ injection
(57). Blood clearanceeof theAioHinated bieomycin was.also found to
be rapid_with'less than 0.2% of the injected dose, per grah of blood.
being detectable 6 Thours aftef ihjection (57). i

A preliminary study with 123I—bleomycin was carried out ip
patients with cancer:(57). Increased radicactivity was present in
tﬁe tumor, kldneys and bladder.and to a lesser extent in the thyf01d
sallvary glands and gut (57) The iodinated bleomyc1n in patients

- .

was found to be rapidly distributed and cleared from the. body, 1n
parallel with results obtained .from animal studles (57) The iodlnev
bleemycln bond is covelent in nature with the hlstidine component
being the most likely site for iodine incorporation (SS)E . The
conditfohs‘forlcovalent reactions are different.ffom those required
for chelate bond formation. Covalent reactione tend to be’relative_
harsh and the mo;ecule being iodinated dan be degFadpd or modified
‘chemically and Biologieelly'(63)(64)(67)(68)(73)(74)(81)(83)(84)(85)

(87). Meyers et -al. used ICl to prepare their 1od1nated bleomycins

and a reaction tlme of 2 hours was requ1red to produce a label of

.
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. . ' : . o . L
857 (58). The product was found to be stable at 23 € and deiodination
was found to occur at a rate of less than 0.27 per dav (53).
Iodination was not found to alter the bleomvein molecule chemically

or chromatographically (58). luclear magnetic resonance (nmr) studies

and mass spectroscepy studies however were not carried out.

.

11. lodinc %

AL iéhggzg}jﬁgiL‘Qisrributjon and ﬂ;tabOJism of Todine
The pathwavs of iodine phvsiologyﬁare yell khown, al though the

mechanism of many of the interactions remain elusive (59). Iodide is

:gndi]y absorbed thrgughout {heﬁlenyth of the smali intestine, except

for a smajl pormibn near the midpoint. Tﬁis ﬁidpoint portion of the
T o~ : '
intestinet the gastric mucosa and»the salivary glands argginVolved'
in active secretion of iodide into the lumens of their respective
organs. Absorbed iqdide is transported iq the.plasma as the free ion
and'beéomes part of the total iodide pool. The pool size is laréer
thén suggested by plaSmé levels because of the propensity of several

‘.extrathyroidal.tissues for iodide. Many membrancs do not distinguish
between chloride aﬂd iodide when iodidé plasma concentrations are high.
There is thever, a preferential concentration of iédide iﬁ the
parotids, stoq@éh, mammaries, placenta, oVaries and fhyroia at physio-
logical iodide levels (59).

Iodide:is~rapidly cleared from tﬁe plasma by the thy?oid and
the'kidneys. In an'addlt human'7OZ‘to_SQZ of the total iodine is
present‘in the thvroid, which on a dryvbasislcontains 8410mgq9f
iodine. Iodiderexists in other tissues but at an extremely léwvlé§e1, 

in the order of 0.0l to 0.02 ppm in muscle and blood for'efgmple (59).



The metabolic tfate of iodine is determined largelv bv the

thyroid gland and its hormones. The mechanism by which the thyroid

gland concentrates iodine has not vet been cleadly established.

Thyvroid iodide trapping is stimulated bv the thvrotropic hormone of

the pituitary and is inhibited by excess iodide and crganic iodine
as well as such inorganic ions as thiocvanate, perchlorate and
nitrate (59). Todide trapped by the thyroid is rapidly incorporated
ipio ghyroglobulin, a protein found in the colloidal matrix of the
thyroid kolliclcs. Upon hydroly&is lh&rpélébulin vields various
o =
lodinated derivatives of tyvrosine and thyronine. Only triiodo- -

thyronine and tetraiodothyronine are physiologically important.

The 'detailed metabolism and function of these hormones is bevond the

I

scope of this thesis and the reader is referred to several well
documentcdvrcviews‘(GO)(61)(62). The kidnevs are the only excretorv

pathway of iodide besides the exocrine glands and the latter excrete
X )
only a minute portion of the total.

s

B. .Properties Production and Clinical Uses of Iodine and the

Radioiodines

lodine has 25 radioisotopes, of these only 1311, 1251,

123 S, ‘ o
.and I have bgen widely used for clinical purposes. A complete -
disbussion of the properties, production and clinical uses of jodine
is beyvond the scope:of this thesis. Comprehensive reviews however are

available (63)(64).



CoChenical Todinations

The Tabeling ot peptides and proteins has been extensively
studicd and the metholds used have included L‘}lcﬂli.(‘;li, anr\"‘m'tic‘ and |
electrolveric progudurcs;(63)(66)(67)(68). The methods relevant to
this thesis are the iodine mo5ochloridc method of MeFarlane, as

.

T

s~modificd by Reif (69) and the chloramine T method of Hunter (60).

. Todine Honcchlordde and Molecular lodine Labeling of Peptides

and Proteins

.

The theoretical aspects of halogenation has been reviewed by

Berliner (70) aud Hughes (71

B

. The possibilitv that pogitive halogen compounds might "be the

substituting agents in sone electrophilic aromatic reactions has been
> B

the subject of much speculation (70)(71). The kinetic characteristics
of all iodinations is the dependence of the reaction rate on the

INVERSE square of the iodide ion concentration (70)(71). © This

\

empirically determined kinetic data- supports two reaction mechanisms
both of which involve molecular iodine as a reactive intermediate.

(70). However, before mechanisms of iodination can be developed, it -

«

is important to discuss the interaction of iodine-with the other .

molecular species present in the reaction medium, since their presence

can profoundly affect the outcome of any iodination experiment.

-

2. Iodinb-Sovant Interactions
Iodineéﬁp soluble to the extent of 1.1 mMol/] in'waper at

20°C (70). An agent such as iodide is often added to the iodine

:
\

" solution to form the more soluble briiodide’complex (equation 1) (71).

A
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0.0013 . Equation 1~

lequilibrium is displaced far to the left. Iodine in

11

+ - - -
QI + I K=»l.2 x 10 Equation

drmation of the reactive svecies is suppressed if the reaction

o

re contains an excess of carrier iodide, which is often the case,
:y-thé formation of triiodide (equation 1) which tends tp con-

- In basi¢ media iodine is hydrolized rapidly to give unstable

:Aous acid (equation 3) (71).

12+0H“ ———— I0H - 1 K=- 30 : Eghation_B

The h dous acid reacts to give hypoiodite which can irreversibly
‘givelble iodate (equations 4 and 5) (71).
‘ + - L -
HOl———— H +0I K= 10 1 Equation 4
1_.—‘——" - ! * ) . .
300 104~ + 217 : ' o Equation 5

’

Reaction 5 occurs rapidly at alkaline pH, and at'pH 10 the reaction

becomes the limiting step for any iodine labeling/procedure (71). In

aqueous media, iodine monochloride (equation 6) can react with water -

to give the same reactive species as ;n equation 2 (72)(73).
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ICl + HZO - =H 0] + Cl ’ Equation 6

—————— e 2

But it can also react with water to give molecular iodine thus (74).
)

+ -+ 4+ '
S5IC1 + 3H20 —— 5  + 5C1 + H 3 +21 Equation 7

-

o+ 8
The species H;01 seems to be the feasible iodinating agent regardless

2

L4 .
of whether it comes from the ionization and hydrolysis of molecular

iodine or iodine monochloride or whether it comes from the solvation~”

- 4+ . = '
of dipolar +I—-I or I--Cl1 molecules (70)(75)(76). The rate

limiting step for the overall reaction sequence could be either' the

) P ]

- + .. .
attack of the H.OI on the substrate or the elimingtion of the proton

2

from the substratefiodide complex (70), as is shown in the reaction

sequence 8.

; : +
IClor I, +HO0——H O0I + I -

2 2 2
+ ‘ ' ,
H,0I" + Ar - H ———[Ar + HIJ% + H,0 ’ Equation 8 :
[ArHI )" L ——————Ar ¥ 1+ g , \

(Ar represents any aromatic nuclé%ﬁ)

e \.':\
* T
The kinetics of iodination however;*is complicated by the phenomenon .
* K M . \= v

- of catalysis by basic buffer éalts (36).(70). This leads to the con-

ténﬁion that HOI could also be the-iodinating species (77). The main

feature of the diodinationm reaction however, is not altered by the
e ;) n *

advent of this alternative interpretation of the data. The kinetic

o3 -

evidence (the dependence of the reaction rate.on the inverse square
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. In-this model, the loss of proton from the iodide complex is the rate

of the iodide cuncentration) is also consistent with vet another
interpretation when it is combined with the observation that a large

isotope effect is evident with most iodination reactions (70)(78).
)

\

It has been observed that the reaction rates of iodine with
deuterated substrates proceed four times slower than reaction rates
with non-deuterated substrates. This is a sufficientlvy large isotope

etfect to deduce that the breaking of the carbon-hvdrogen (C-H ) bond
] :

is part of the rate determining stcp.V‘While this evidence is not in
. ’ . . . . R ' S .

disagrecment with a reaction involving H,0l  or HOI it is consistent

with a mechanism of iodination by molecular todine or iodine mono-

& .

chloride, in which I, (or ICl) and ArH are at or near equilibrium.
This alternative mechanism is illustrated in equation 9 (70).

0

ArH + 1, (or IC1) —————{ArHI]Y + 1~ Equation 9

+
AcHLT - —arT 4w

o

limiting stép. This is more consistent with the present generally

-

accepted mechanism of electrophilic substitution %h an aromatic

hetgroéycle’(f9)n The reaction rate of equétdéﬁ 9‘aiso exhibits én
inverse dependence oﬁ squjte 6f the iodidg concentraiion (70).

. e ° :
Reasonablv large isotope'éffects have been observed iq 1he°iodination'
of imidozole by 1, (80). The C~H bond breakiﬁg“aslthe rate determin-

<

i'ng step of iodination lS in agreement with the-roi of the base

in buffer catalysis as assisting the breaking of the band.

-

All of the iodination reactions appear to have similar kinetic

characteristics and whether or not the actual,reactive species is'

. 4

i
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moleccular iodine or some form of iodine in the +1 state is still a

contentious issue that has vet to be resolved (70)(76). However, it

o ' . . +
has been suggested that the substituting agoent , 12 or H201 , mav change
. . .

with the substrate and the iodide ion concentration. Solutions of I;

“

. . + -

in vater alwavs contain some H,OT .. In addition, there have been re-

. ports that observed reaction rate constants can be reoresented by two

independent terms in the overall rate equation (81)(82). It has been

sugpested that the first term represents iodination bv molecular iodine
- : . + . T

and the sccond represents the reaction of H, 0T (81)(82). Thus both

equation 7 and 8 can explain iodinations bv molecular 1. and 1Cl. It

2

. should be noted however, that in so]utions'of.ICl, the concentration

[ 4 + . .
of Hzol “is much greater than in solutions of 1, because the hvdrolysis

<

(70).

-constant of ICl is wmuch larger than that of 12

The iodine monochloride reaction is of great utility in pep-

L

tide and protein labeling in spite of the inconclusive nature of its

v

mechanism. The-basic method of*HCF;rlane (65)2 has been modified
extensively bv Reif (69). The protein or pepfide to be labeled-is
dissolved in a borate, citrate or phosphate buffer at pH 7.8. The

radicactive iodine is added to this alkaline solution and then the

desired amount of ICl at pH2 is added slowly and with rapid stirring.

~.

The amouﬁt of buffer at pH 7.8 that ig\?équired depends on the de-
sired ICl/peptide ratio. In any event the amount of buffer that is

used must be sufficient to keep the final pH of the reaction mixture

in the optimal range of pH 6.5~7.0 (695. 4 5"

",

In genefal it has been found that the higb;f the ICl/peptide

ratio the greater is the percentage of* iodine incorporated in the

~
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peptide (69). Reif (69), found that a 92.3% label could be obtained
using a 16/1 ICl/peptide ratio. It was also neted the ICl is stable
in acid medium at pH2 but when this pH‘is.sudéenly raised to pH 7-8 by
addition of a relatively large amount of borate buffer, as would

occur in an actual labeling reaction, ICl is rapidly converted into

‘molecular iodine. The ICl and 12 content of such a reaction mixture

falls by 50% in 10 minutes at room temperature and 407 at OOC (69).
The loss of iodination capacityv is due to escape of volatile molecular
iodine into the atmosphere and by the generation of stable iodide

and iodate (equation 3, 4 and 5) (69). j/'

-

3. Iodine-Peﬁtide»Interaétions

Specific reactions.of iodine and iodine monochloride with
peptides has been studied by Hung (76), and éthers (83) (84). The
principal reactions éf iodine Qith’peptides and proteins (83) can be
listed in figure 2. These processes are essentially irreversible in
that their equilibria lie far to the right. The oxidative reactions
with sulfhydryl occurs more rapidly than the substitution reactions.
Consequently, the first iodine consumed in any labeling‘experiment
will be equivaient to the -éH content of the solution. When éteric
factors éermit the sulfenyl iodide (equation 12) is coupled with
other sulfhydryl group to form a disulfide bridge;'_Organic Suifides

are oxidized to sulfoxides thus éimilarly consuming iodine (70).

' These reactions occur almost instantaneously in acidic medium where

12 has a high oxidative potential (76).

4. Tlodine-Histidine Interactions.

Histidine has been proposed as an alternative site to tyrosine

B DN



for the covalent incorporation of iodine into peptides and'ﬁroteins
(76). Hung (76), has demonstrated the feasibility of iodinating

histidine under conditions which are compatible with protein and

S

peptide stability. The exact site for iodine incorporation into
histidine has been speculated to be the carbon-2 (C-2) position on.

the imidazole side chain (84)(84).

Imidazole is an aromatic S-membered heterocyclic tautomer
cgntaining 2 non-adjacent nitrogen atoms. The accepted structure

€

can be found iﬂ.any standard chemistry text such as Allinger (79),

or Eldexfield (85). The aromatic character of the imidazole nucleus is-

responsible for its propértiés and reactivities. Fifteen resonance
structures can be written for imidazole (85). These can be divided
into 4 maiﬁ grouns on the basis of their relative contgibutiéns to
the overall stabilization of the molecule. The ionic structures of
imidazole are found to contribute most heavilv to the resonance
énergy of the mo}ecules (85). Since a resonating molecule enters
into reactions through its polarized states, the imidazole moiety
should possess great inherent‘reacti§ity (85). Imidazole reacts
readily with iodine in form 2,4,5 triiodoimidazole (85). This re-
raction is catalyzéd by base. The imino.nitrogen, N-1, (also referred
to as’ the pyrrole nitrogen) is capable of undergoing substitution )
with iodine- (85), and 2,4,5 triiodoimidazéle will react with excess
iodine to give 1?2,4,5 tetraiodoimidazole. iodination of imidaé;le
with subopéimal amounts of iodine results in the formation of a
mixgure of 2,4 (or 2,5) diiodoimidazole (85). It haS\beén demon-

1

strated that the rate of io@ination in the C-2 position exceeds that’
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I, + R-NH, ———> R-NH-1 + H' + IS

-

I, + R-SH——— 5 R-S-1 + H* + I

R-S-1 + R-SH

RS+ Ip———> [R,SI,]JT——=[R,SI1]*I"

R-5-S-R #H* +. 1~

R,S0 + 2HI

| NS ‘
I, + R——((jji>~—0‘ ~;———e> R—~<<::ii>—-0"+ TR &
‘ ! I |
I, + R-~<;::i>—0° —~a~——e>R~—<i:::>g—O; +
I ' :
o " |
I, + E /Jh SN J[jf*‘N + H*
|
R N //L
| ' 1N

Figu¥e 2

brincipa1 reactions of molecular iodine with peptide

fbnctiona] groups

(71).

-

i

H,0

[

N}

Figure 2
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in the C-4 or C-5 positgéns (85). Thus, the C-2 position was the
point of preferéntial attack duringAiodihation.

fwo mechanisms of imid;éale iodination have been proposed.
The observation bv Bruning; (84) that'iodinataon ofﬁén required the
presence of a free (unsubstituted) imino group and that the reaction
was base catalyzed, let to the proposal that jodine substituted for
thé imino hydrogen initially, followed quickly by a base catalyzed
rearrangement of the N-iodoimidazole so that iodine was finally
attgéhed ﬁo C-2 (84). This mechanism has been challenged by the fact
that N-alkyl substitutedhimidazoles have been iodinated (76). This
has led to the proposal that the ioéine (either as moleculér I, or
in the I+ state) attacks the C-2 position directly and preferentially
to form an iodineé containing intermediate which would slowly éliminéte
a proton (70)(85). '

The C-iodinated imidazoles are amphoterig éompounds, forming
salts with metals and acids.>_The basic character of the imidazole sys-
tem is markedly decreased by the introduction of iodine into the
molecule while the acidié‘nature is\enhancéd (85). The N-
iodoimidazole afe generally insocluble in acid or alkali ‘and de-
comg%se readily upon heating or by treatment with a mild reducing
agent such as sulfite (85)._ Highly iodinated imidazoles reaét with

aqueous sodium sulfite to form only ‘partially iodinated products.
The iodine at C-2 position has been found to be resistant to this
treatment while N-iodo and other C-iodo bonds are cleaved (83).

The reaction of ICl with L-tyrosine and L-histidine, and

model peptides containing these and other amino acid groups was



studied by Hung (61). The poﬁtides and amino acids were dissolved in
I-125 containing borate buffers at various pH ranges and then various
quantities of ICl, in dnhr drous methanol, wasczddgd. It was found
that when ICI is added to aqucous buffer, its rate of hydrolysis to
rolecular I, is dependent upon pl and the preseﬁée-or abtsence of

2 . .
certain peptides (76). At pH 4, and>210C iodine (12) was not de-
tectable before 96 seconds and its concentration reached a‘maximum
4 to 5 minurce later.‘ The half-life of ICl under these COndlthnS
was determined to be 22 Ainetes.. When L-tvrosine wag present 4y pH 4,
the iodination reaction vas complece Jn‘12 seconds and all the ICl was
consuned (76). In contrast, L;histidinc catalyvzed the hvdrolysis of

IC1 as indichted bv-an undelaved appearance of I The total amount

2 .
. > J L) ) ) N 3
of iodine released remained the same as the control and no reaction

was observed with L-histidine for 2 minutes. Then, liberated iodine
n . . S

slowly disappeared with a half-life of 9 minutes iddicating that a ‘

slow reaction was taking - DldCe hetween iodine and the protomated

form of hlstldlnev(76) The catalytic influence of free histidine on
the. rate P e hydrol¥sis was studied in a variety o£ L—hietidine
containing peptides (76). Some peptides induced an- instantaneous
;release of molecular I0 frdm IC1, others demonstrated a.very.short
lag period tsoconds) écfore free’ molecular 12 was detectable while
other peptides demonstrated no catalvtic behav10r towards IC1 hv—
drolvs1s (76). These flndlnos suggested that the conformatlon of /
the peptlde in aqueous solution and the degree of freedom of the

L~ hlStldlne side chaln, plnved an important role 1in the catalvtlc

- influence of the imidazole ring in IC1 nvdrolysis (76). In an



aqueous buffer, at pll 7.4, free iodine was released immediatelv
fromllCl.' L-tvrosine reacted in less than 10 seconds under these
conditions, and ng free-iodine was detectable. L-histidine at pH 7.4
reacted also within 16 secﬁnds and féec iodine was not detectable.
This is in sharp contrast with L-histidine at pH 4. Mtung (7€), also
found that L*tyroéiné and L-histidine wvere iodinated alﬁost in-
stantancously at pl! 9.5, These studies pointed out several
-pertinent,facts. First, the catalvtic behavior of imidazoele can

be profoundly influenced by the pH of  the medium and bv. the adjacent
pcptidcg in the moleculé. Secondiy, the ICI may either react
~directly with the side'chaih of an appropriate peptide or it mav be
first hydrolvzed to mojecular iodine which then reaéts with the

peptide group (76).

b. The Chloramine T-Method of Labeling Peptides and Proteins
The segond chemical method of iodinating proteins and peptides
relevagt to this thesis is the Chloramine T method (66)(84).

4

Chloramine T is the sodium salt of N~monéchloro—p~toluenesu1fonamide

(87). It is a mild oxidizing agent and slowly liberates hypochlorous -

acid in aqueous solution. It has been widelVy used for iodination of

'

many proteins (66). The exact mechanism of the‘feaqfion is not
knowﬁi Presumébly, a complex of iodine is formed wiﬁh tﬂé
sulfonamide 'in which the iodine Carriés a po;itive chargé. The
reagtio; féadily goes to lOO%'substituFion ;f iddine into the
prétein;or péptide (86). | ;

‘ | Initial éxperiments‘here‘perfofmed on high molecular weight
proteins using a 1 to l.molar ratio of protein thibdide in-a total
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reaction volume of 0.3ml (66). One molecule of chloramine T was re-
. & N L

quired for every one of iodide under these conditions of high
protein concentration and high iodide to protein molar ratios. At
lover concentrations of iodide relatively more chloramine T was re=
quired énd for trace labeling procedurcs at least 100 molecules of
chioramino T mav bé required for every molecule of iodide (86).
The optimal pit for the iodination of proteins bv the chloramine T
method was pll 7.5 (86).

The general procedure for iodindtion‘of peptide or protein
consisted of adding first tﬁc protein (peptide) and then chloramine-T

¢ i ' o
to a buffered solution of sodium iodide-125 (66)(86). The reaction
was ‘stopped by the -addition of sodium metabisdlfité.‘ The reducing
agent was added ihmcdiatcly after the addition of.chipramine—T. The
reducing agent should not be added in excess since it can modify the
protein be;ngfiodinated (86).: IhCFVOlume of the reaction mixture was
'minimizedAbecause‘tho yieid of the reacfion Qqs found to be dependent
upon the cbncentration of the proteink(SG)(SS). The labéling yield
was also influenced by the hatureuof the specific @rotein being
iodinaled (86). NéConahéy_and Dixon (é9),vhave modifiéd4the protein
o ' - | VI

iodination procedure of Hunter and Greenwood. Their. method provides
‘for ensy’and efficient iodination of microgram and milligram
qUahtiLigs of proteins and beptides. The modified procedure provides
for low ehlorami?é—T concentraéioqs and long reactioﬁ times. ‘The N
advantage claimed for this modified teéhnique has been less protein
-denatufation énd consequéntly an imprbvement in the qualigy of |~ !

iodinated protein available.for in vivo studies. The chloramine=T

- . 1
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Lo protein ratios used in this study yere 1/1000, those emploved

. *
originally by Hunter and Creenwood. Reaction times were up to 5
minutes and labeling efficiencies varied from 407 to 907 depending

on the nunber of readilyvravailable reducing grouns in the specific

protein being labeled (89).

S : .
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k. Materials
— T - AY
A Aninals ‘ £

¢

Younp male adult Swiss mice, 20-25 crams, were used for

tissue distribution and ¢xeretion studices. The-mice were us%d 7-10

v

davs atter receipt and were alloved food and wvater ad libitunm.

Tumor bearing mice were prepared as follows: Mice, with

Ehrlich's ascites—tumor cells cultured in their abdominal fluid,
3 .

vere willed and the cells aspirated and diluted with normal saline

. . 3 . f e
(1:1). The number of cells in the suspension was determired with a
Coulter counter and the cells diluted again vith norrmal saline until

3

approximately 2 million cells wvere contained in 9.1ml. Then, 0.1ul of

Al
the diluted cell susnension was injected subtutancouslv into the
right' femoral region of ecach mouse. Mice were kept 6 to a cage and .
N ! A
50me of ampicillin was dissolved in their drinking water Jto prevent
bacterial infection. Tumors were allowed to grovw 7 davs.
B. Chemicals, Soluticens and Materials
) o . : . . )
All chemicals, reagents and sclvents were of Reagent or
A.C.S. grade.
—
1. Bleomycin Sulfate
Bleomvcin sulfate for parenteral use was obtained from
. ? .
Bristol Laboratories, Candiac, P.0. Bleomvcin sulfate is a mixture
of bleomvcin Al, A,, demethyl A? and leprincipa]ly. The A7 and 82
fractions can comprise from 75% to 97% of the mixture by weight (7).
2. Bleomycin A, Working Standard
Bleomycin A? working standard was obtaiped as batch number

BWS-8 from the National Institute of Health of Japan, Tokyo, Jépan;

\



¢

v

3. lodine-127%
\S()di:xrt. Todide=100 (a7, dodination prade, was obhlalned

carrier free In ool N0 Nadi Sroen International Chemical aal Suclear

N . 7 . 3 e AP I PR P . PR - - 3 .- 3 3 - 1 1 .
Corporation of Mentreaf. Radicactive voncentration of the solution
.

was 396 G,

N Indium=-11am

(1 Tam

Indium=-1)sm-chioride InCl.) was obtained carrier ree

3

in 0.1 N BCI from New Pnpland Suclear, Dorval, PLO.

T

5. lon bExchaneoe Resins ' .
. PDowex 1xd . ' .

Dowex 1x4 anion cxchnng’ resin, Bio Rad Laboratories, Richmond,
California. The resin is uonposud 6f polvstyrene with quaternary
ammonium funct ional sroups ia the chloride form. A large pore and a

mesh of 100-200 was used. The resin was allowed to hvdrate for 24

<o

2 N HCI and then vaShed to neutrality with double distilled

hours in 0.2

1

water. The resin was kept moist until used. Dowex minicclumns, fof °

puritying iodinated bleomvein reaction mixtures, were made by firmly

lavering the resin between frittered glass discs 1in a standa;d\;§ml
s . \'\} e

svringe. Lavers of Dowex 1-2mm thick were used to purifyv trate
labeled. bleomvein reaction mixtures while 0.5-1.0cm lavers were used
. . g 6
to purify reaction mixtures containing mCi quantities of iodine
b. Amberlite IRC-30
Amberlite IRC-50,is é,weakly acidic cation exchange of the

carboxylic acid type in the hvdrogen form and was supplied by Fisher

.. _ -
Scientific Companv, Fair Lawn, New Jersev, U.S.A. A mesh size of




R

16-50 was used. The resin was hvdrated with double distilled" water

for 24 hours before use.

6. Chloramine-T ™MW 281.70

.

Chloramine-T is the sodium salt of N-monochlo-p-
toluenesulfenamide. Laboratorv reagent grade was obtained from
> .
British Drug House of Poole, England. Chloramine-T solutions of

2, 4, 15 and 40 mg/ml were prepared bv dissolving the réquired‘

amounts in 100 ml of double distilled water.

7. lodine “onochloride MW 162.37

Todine ﬁoﬁochloride reagent grade was obtained from
ﬁatheson, Coleman and Bell, Norwood, Ohio. Upon réceipt of the
reagent 157 V/V concentrated HCl was added to preyeﬁt decqmposition
of-the-iddine monochloride. TIodine monochloride, 3.6mM_fof
iodination was prepared by.diluting the stock solution’l:6250 with
95% ethanol. The solution was freshlyvprepared,and stored in a
freezer until immediately before use. The stock solution of
iodine monochloride was standardizéd by'titraging an aliquot of
a 1:250 dilution in 95%‘éthano}_with a s;andardized 0.05 N sodium‘

. f . .
thiosulfate solution. The endpoint occurred when the characteristic

vellow color of ICl faded (72). The equation for the reaction is:

2 Na,$,0, + I,——————— Na S

2723 > . 22540

6 + ?Nal

8. Sebhadex G-19
Sephadex G-10 for gel filtration chromatography was obtained
from Pharmacia Fine Chemicals of Uppsala, Sweden. A pafticle size

. . o - . .
. of 40-120 microns was used. Before use, the gel was hydrated for
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v Ghe Serbadex <larry was then

pourcd Into ?500 svrinves. A plur of plass wool was uBSd Lo retain
N * N : a

the Serhades in the svrinee harie

[
was obtained bhyoohe use ol hiphoz

9.0 Sodiun Thicsuliate M0 749,18
y

Sodium

thicsultate (Na,s 0

1. Voild volurmes Tor each column

olecular vedyhitocalibration dees.

a

S ) was obteined as crvstals

from BoooH, Pharraceuticals, Torg

bv dissolvipe 00149 or i S 0.

water.  The selution was made fresnh and discarded. after

mto. Y A 3.6 =M oselution was prepared:

S5 dnto 1097 ol of double distilled

24 hours.

-~

19, Sodium Metoabisulfite Y0 190,13

A

Sodium metabisulfite (Cia,

/: .
B.D.H. Pharmaceuticals, Toronto.

$,0.) “anhydrous vas obtained from
25 : -

The sclutien was prepared bv
] .

dissolving 4.0¢ of anﬁqoﬁ intz}]O0.0 ml of .double distilled water.

The solution was prerared fresh
11. Phosphate buffer

Ed

ind discarded after 24 hours. -

.

o

-

Phosphate buffer 0.5 '{,vwas nrepared from 0.5 M solutions

of monopotassium phosphate (KH, ¥(

o

: A
),) anhvdrous and disodium phosphate
45 R

(NavHPOQ'ZHqO), both obtaiwed-from Fisher Scientific Company, Fair

’

Lawn, XNew Jersev. The proportio

the buffer at the desired »H was determined from suitable tables (90)~

2. Alkaline Borate Buffer

’

15 of each solution neéded to produce

r k:

i

The alkaline borate buffer at pl 7.8 was prepared bv dis-

solving 18.7 gm af

strdiunt chloride (NaCl) and 24.74% pm of boric

o

acid (i 803);in 90 ml of 1.0 % Xaldi, then the®volume was made-up to

1000 01 with double distilled water (90).

]

B
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13. Other Chemicals and chgdnts

a. N‘;xbl!, 0,18, standard volumetric solutions of Anachemia Chemicals
Ltd., Montreal, P.o.

'ﬁ; Naot, ].HN,.stnndnrd volumetric solutions of Anachemia Chemicals
Ltd.y Montreal, ¥ 00

c. HCL, 1.0N, standard volumetric solutions of Anath&min Chemicals

)

Ltd., Montreal, V.0,

1

d. Sodium Thiosulfate Standard 0.05 N, standard volumetric solutions

!
of Anachemia Chemicals Ltd., Montreal, P.O,
o .
. Armoniun Acetate (:hdooccng), Fisher Scientific Companv, Fair Lawn,
//
N.oJoy ULSaae o

.
f. Amwoniun Chloride (NH,C1) Fisher Scientific Companv, N.J., U.S.A,
. o B

.g. Boric Acid (”3B03) Fisher Scientific Companv, ¥Tair Lawm, N.J.,
1.SUA. , )

h. Cupric Sulfate (CuSUH‘,’) MeArthur (Ihcm.ical Companv, tontreal, P.0.
i. Methanol (C}i,g(\ii) MeArthur Chemical C()mp;my,‘ Moutreal, P.0.

j. Ethanwl‘(CﬁHSHH) McArthur Chemical Companv, Montreal, P.0.

k. Ch]oroform,(ChCJB) MeArthur Chemical Company, Montreal, P.OQ.
\ .

14. Lastman Chromatogram Sheets . IR
Fastman Chromatogram sheets {6001 are mylar backed silica

gel 20x20 cm sheets obtained {rom Fastman Kodak, Rochester, N.Y.

15. Gelman Chromatographv Media
Gelman Chromatography Media I.T.L.C. type S.G.(a)was obtained

in 5x20 cm .sheets from Gelman Instryment Companv, Ann-Arbor, Michigan.

¢ A ,
a : : :
( )Tradgmark (Gelman Instruments, Ann Arbor, Mich.). For in-
stant thin layer clromatography silica gel tvpe.

[Wal

(Vs

-
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16, Kieselpel, Camag - For Thin Laver Chromatographv (tlc)

Silica pgel for thin laver chromatography was obtained from

Fraser Medical Supplies Ltd., Vancouver, B.C. The silica gel, 100g,

was slurried with 120 ml of double distilled vater. Calcium sulfate,

27, was uscd as binder. A chromatogram svreader from OQuickfit

Instrumentat ion Companv tvas used to make glass 5x20 cm and 20x20 ¢m

4
plateg containing 0.5 mm lavers of silica gel. " The lavers were

¢ v

“allowed to air drv.at least 24 hours before use‘

1/7. Siliconizing Vluid

A stock silicone fluid was obtained from Arthur H. Thonmas
Companv, Philadelphia, Pa. A\dilﬁtc siticonizing fluid was pfepared
by mixing 5.0 ml of stock silicone fluid with 95.0 ml Qf.carbon
tetrachloride.  The vlassware, préviously soakfd in a chromic bath
for 24 hours, rinsed vith water and oven dried, was immersed in the
prepared siliconizing fluid.  The vessels were air dried for 20

. - . o,
minutes then oven driced for 2 hours at 100°C.

11. Lxperimental Methods

A, Chromatographic "ropertics of Bleomvein Complex, Bleomvcin A,
i —_— - R

' . 1 . 2
Todinated B]ugmyCJnaL__14m1n—blvomvc1n A Nal 5I and

<

1l4m
InCl,

1. Characterization on Silica Gel TLC
The CBQESSFS of bleomvein complex vial was weighed and then
dissolved in 5.0,ml of water. Five my of bleomvcin A24w6rking

standard was dissolved in 5.0 ml of water. - Sodtum iodid94125 and

114m

¢

InCl3 were diluted in water so that 0.05-uCi was contained

in 0.1 ul of solution. The pil of the InCl, was adjusted to 7.0

4
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before chromatographic analvsis. Ten microliters of iodinated

bleomveins that had been purified on Dowex columns and 10 ul
! JWex

\
114m v
aliquots of In-bleomvein A, taken directly from the reaction

L

mixture, were diluted to 1.0 ml with water. Then 20 ul of each

dilution was spotted on silica gel t1c plates, prepared as previously

desceribedy  The ehromatograms were developed 10 em in 109 N“AO()CCHB:
. B % N oo . . - .
LH}UH(]:I) at 20 C.  The chromatograms required about 2.5 hours to
develop, Plates were allowved to air drv brietly.. The chromatograms

containing non-radivactive bleomvein complex dnd bleomyein A

.

2

working standard were visualised under short wave ultra violet (uv)
light. The chromatoprams containing the radioactive substances were
divided into 1 cm seements beginning at a base lineé 1/2 cm below

the origin.  The segments were scrapped into polyvethviene counting

z
,r

vials and counted for 1 minute in an approvpriatelv calibrated gamma

0

counter (Beckman Biogamma Counting System #1067776, Beckman In-

struments Inc., Fullerton, Calif.).

2. Characterization on Eastman Silica Gel #6061

~

Ten microliters of ecach of the bleomycin solutions, the

. . " . 125 . .
iodinated bleomvcins and the Na ~ 1, prepared as previously de-

scribed, were spotted on 1x20 cm strips of Easﬁman,#606l and

developed 13-15 cm at»200C with 957 ‘ethanol in 2.5x20 cm test

tubes that were sealed with corks. In~llém-chloride was adjusted

to pH 6.5-7.0 before chromatographic analvsis, then 10 ul aliquots of

the ll[:mInCl3 and lMmln~blcomycin'/\,)‘\~_ere spotted op Eastman #6061

and developed as before in 10% NHAOOCCH3;CH30H(1:1)J The

v
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chromatograms required about 2-2.5 hours to develop 13 cm. The
strips containing the unlébeled bleomycins were visualized by uv
light, as before. The ch;bmatogram containing the radiocactive
‘substances wére cut into 1 cm segments béginning 1/2 cm below the

origin. Each segment was analvzed for radioactivity, as before.
" . A
3.

Characterization on Gelman ITLC Media SG Type

_ Ten microliters of each of the solutions, prepared as
previously described, were spotted on.leO cm sheets of Gelman
chromatographv media. The chromatograms were déveloped 7.0 cm in
Sepr‘achroma minitanks using 95% ethanbl as the mobile phase. The
chromatograms required 7 minutes to develop. The strips were dried
and visualized undér uv light for locating the unlabeled bleo-

wycins, while for thé radioactive compounds, the strips were divided

in two and each half was assayed by a gamma counter as before.

/
!

4. Characterizatioh on Sephadex G-10 Minicolumns.
| Q

One hundred microliters of each of the solutions containing

N - : 125
the bleomycins, iodinated bleomycins and Na I. were placed on

» : . "

separate Sephadex‘c—lo minicolumns prepared as previously described
The minicolumns were then eluted with water at a rate of 0.2 ml/ -
minute. The eluates Containing the bleomycins. were monitored in
a uv spectrophotometer set at 254 nm (Beckman DB Spectrophoto-
meéer, Beckman Instruments Ine., Fullerton, Calif.).

The eluates were carried from the column to standard .1 cm

flow cells by fine bore cannula tubing. The eluates containing

»

.aTrademark'of Gelman Instrutent Company, Ann Arbor, Mich.
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”
125 . ) . .
I' were monitored as thev passed through fine bore cannula tubing

in front of an appropriately shielded 3"x3" Nal(T1) crystal de-

tector svsten. The detector svstem consisted of a Canberra single
channel analvzer (sca) unit, model” 1437 and a 10" Beckman recorder.
i . .

An Ortec high voltage newer supply model 4536 completed the systen.

B. Isolation and Purification of Bleonvein A
The contents of 1 vial of bleomvein complex (Blenoxane-

Bristol Laberateries), was weighed and the 8.2 mg was dissolved in
$ : ¥ .

0.5 ml of water. The sclution was streaked across the origin of a
20x20 cm silica gel tle Plate prepared as described previouslv.

The chromatogram was developed as previously described. . dried and
£ p . . ,
. a

visualized under uv light. The bleomtcin &, component appeared
- ] - ' - .

as a heavy streak centered at 2f 0.35. The band was scrapped from
the plate, packed over a plue of glass wool in a 5 cc svringe and
washed with 5.0 ml of cold acetone. The eluate was discarded.

The syringe was connected to the flow cells in a spectrophotometer,

as déscribed previcusly and then eluted with methénol, cidified to
pH 4.6 with 1.0 N HCI. The flow rate was adjusted to 0.2 ml per
minute and the eluate wné collected §henvthenaﬁsoFbahée inc?eased
from 0.0 and collected untiiAthe absorbence réturned to 0. The
eluate was evaporated to drvness and then takenrup in l.O.ml of

water. The vield was determined bv measuring the absorbance of a
: kY
1:25 dilution of the isolated bleomvcin A, fraction at 254 nm in a
N . ‘ “ » ‘
spectyophotometer. A standard curve using bleomvcin A, working

rs ~

standa;d was prepared and is found in Appendix 1:
: - ’

-

e
\O
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C. Quality Control of 2adionuclides
1. Radionuciidic Puritw AN

a. Indium-1l4m
Indium—]lﬁy?was chtained as InCl3 in 0.1N FCI as previously

AY
deseribed.  The specific activity of the stock soludionggas 51.4
\

4 i

. . o 11 . . ;
mCi/g.  The radionuclide »urity of the InCl, was coanfiflmed !¢
& t A : 3.

by

its encerpyv spectrum. A sample of the stock solution was placed in
4 .

Jfrent of a Nal(Tl) detector (Picker Autowell IT Picker Corp.,

" PURY . : ' . _ .

Cleveland, ohie).  The energy spectrum was stored in a multichannel

1

analvzer (Northern Scientific, Middleton, Wisc.) and then plotted on an

=Y plotter.  The resulting spectrum is shown in figure 3. Peaks
. +

vere seen at 0019 MoV, 0,56 MeV and 0.72 MeV.  These apgree with

. . . 114m ) : .
published gamma emissions of “In (91). As no other peaks were

. .

. o . _ 1140 .
evident, the radfonuclidic nurity of the JInCl, stock solutioen

3

wis acceptable.

v

19
b.  Todine-125 (Naifsl)

125 . . ' . .
The 1 was obtained as previously described. The con-
. _— . . R
centration of the stock solution was 396 dﬁl/ml. The radionuclidic

¥

: . ¥ - - . . : i
puritv.-of the stock solution was confirmed by its energy spectrum

showty in figure 4 and was in agreemenT with the published gamma

o 125 . X . :
emissions of I (91). As no other peaks were evident, the
. . . oW 125 ) o : -
radionuclidic purity eof the XNa 1 splution was accepted.

>

h 125 . 12 .
. D. Preparation of I-Bleomvcin Complex, .I—Bleomvcm—A7

&

/,
and 1]4m1n—Bloomvcin A

B s

2

i

All g]aséware was soaked in chromic acid for 24 hours and
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'

then rinsed with freshly boiled distilled water before usc. flass-

wvare used for reaction vessels and for the manipulation of reaction
mixtures were siliconized, as previously described,

The contents of a bleumvein vial was dissolved in 1.0 ml
L4 \ R
of water to produce asstock solution of 8.2 mp/ml Four separate

reaction mixtures were proyurod as follows:

Bleomvein complex 8.2 mg/nl . . . « . 20 ul

L1259 : . ;
na ] I uCiszul o v v v v v v v v oy 20wl /N\
P Phosphate buffer 0.5, p 7.8 . . . . 20 ul.-
"y Then reactions were carried out using 20 ul of each of the
K . .
&

chloramine=T solutions prepared at 2, 4, 15 and 40 mg/ml. These:

. » .
solutions oave chloramine-T concentrations of 40, 80, 300 and 800

t .

. . 4 . . . '
ug in cach reaction mixture. The reaction time was 120 scconds at
207C.  Reactions.were terminated by the addition of 20 ul of 40 mp/ml

. .v. N .
sodium metabisulfite solution.
a. Blank Reactions
»" "..
A blank reaction was performed in the manner described above

except that the bleomycin was deleted from the reaction mixture and -

replaced by an equal volume of buffer.
b. " Zero Time Reaction ’
A zero time reaction was performed in which the chloramine-T-

.

was deleted from the reaction mixture and replaced by an equal |

S N,
volumet of buffer. Y N

All reaction mixtures were mohitored by gel filtration
éhromatography using Sephadex G-10 minicolumns. The eludte$ were.
monitored by a shielded 3"x3" Nal(T1)-erystal detector system, as

- N

[y



previously described. A 2.0 ml fraction was collected starting at
{
the void volume. This fraction contained the iodinated bleomycins.
125 ¢ | ' |

Free 1 was collected in a 6-8 ml fraction beginning at twice the
void volume of the column.

The chromatographic properties of the G-I0 eluates from the
iodinated bleomvcin, blank and zéro time reaction mixtures were

assessed on silica gel tlc and on Eastman #6061 silica gel strips.

The mobile phases were 107 NH

AOOCCHB:CHJOH(I:I) and 95% ethanol re-

A

spectivelv.o Reactions were done in triplicate and all chromatograms: v
were done in duplicatéi .
G Determination of Optimal Reaction Times

The cﬁloramine—T iodination reaction was tested at time
intervals of 30, 60, 120, 180 and 300 seconds. Five regction mix-
tures were prepared as previously dgscribed and to each was added
20 ul of 40 mg/ml chloramine-T solution. The ruactiuﬁs_weré
terminated at the designated interv;ls by.the aiddition ot Y ULt
sodium métabisulfité solution. ;The eluates were subjgctgd to gel
fiitration chromatography and a;sgyed on silica geﬁ tle ahd Eastman
#6061 strips as preQiousl§bdescribed; : | | : XL\
d. -Determination of Opfimal Reaction pH

The efficiency of the chloramine-T reaction wés asseséed at
pH values of 6.0, 7.0, 7.5, 8.5 and 9.0.7~The‘pH values 6f‘6-7.5
were supplied by phosphaée buffers whiie the pH values of 8.5-aﬁd
9.0 were supplied by O.ZSM élkaline borgte'buffers. fﬂe buffer
so‘lut‘ions at the desirgd pH value were n—lade ;iiccmn’:itw. to t.ablvs '

14

found in Decumenta Geigy (90). The pH of eachtbuiig{ .
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£Y

a single electrode pH meter (Beckman Zeromatic 11, Beckman In-
struments Inc., Fullerton, Calif.). Any necessary pH adjustment was
accomplished using O.lN HC1 or 0.1N NaOH.

‘Five reaction mixtures were prepared, each one with a
different ‘buffer pHuand to edch mixture was‘added 20 ul of AO"mg/mi
chloramine-T solution. .The reacgion was allowed ta proceed at 20°¢
for 60 secondg.before termination with sodium metabisulfite solution.
‘Reaction mixtures were subjected to gel filtration chromatography

and the eluates were assaved as before.

.“e. The Determination of Optimal Reaction Temperatures -

Two identical reactions, using quantities as previously

. , 0 o )
described, were carried out, one at 20 C and one at 4 C. Reactions
. ' i

were terminated after 60 seconds. The reaction mixtures were
processed on sephadex G-10 columns and the eluates were assayed as
before.

2. Preparation of 1Z_SI—B-leom_vcin Complex and 125I-Bleomycin A2

.
*

Using the lIodine Monochloride Method
. 2 .

The ICl stock solution was diluted with 95% ethanol, to
give a 3.6 mM solution which was then used for iodination procedures,

The bléomycih waé dissolved in alkaline borate buffer at pH 7.8 (91),

to give a concentration of 1 mg/ml. Since control of pH was found

to be important in other similar studies (58)(74), various quantities
of 3.6 mM ICl solution were added to 15 ml of borate buffer and the.
pH was determined usipg pﬂ Universal Indicator Sticks (E. M.

Laboratories, Elmsford, %.Y.). It was found that up t@ 3.0 ml of

nf
\



IC1 solution could be added to the buffer svstem without any

appreciable change in pH. (Quantities of 3.5-4.0 ml of ICl produced
)
changes of 1 pH unit in the buffer system. Thus 0.3 ml of ICl could

. i
be added to 1.5 ml of buffer without affecting the pH of the buffer

system.

The iodination procedure that was developed was a modification

1

of the one dcsfribed by Reif (69). Into a siliconized reaction

vessel was placed 1.5 ml of the bleomycin in borate buffer solution at

pH 7.8. To this was added the desired amount of 1251. For trace

iodinations 20 uCi was added while for higher specific activity
' : /

iodinations, 2.5 mCi or more was used. The solution was constantly

stirred using a small polyethylene coated magnetic stirring bar.
' . .
The ICl was added in three 0.1ml aliquots at 10 minute intervals.

. ' | | ' : o
The reaction was allowed to proceed for 30 minutes at 20 C before

_F ‘ : :
it was ter&inated with 0.3 ml of 3.6 mM sodium thiosulfate solution.

The reaction mixtures were not subjected to gel filtration
" {chromatographv but were applied directly to 1x20 cm strips of East-
map #6061 silita gel and 5x10 cmvsheets'of'Gelman ITLC. The

"

chromatograms were developed using 95% alr ag.mobile phase and
g I g i é%

assayed as previously described. The balance of the reaction mixture

was allowed tp percolate through a émal} Dowex 1x4 column, prépared

as greviously described, to remove unreacted iodide. The columns

‘were washed with 0.1 m! of alkaline borate huffer to remove as much

) .
of the 1‘Sl-bleomycin as. possible that was trapped in the gel bed.

‘125

The chromatographic behavior of thei I-bleomycin waé determined

{ .
using silica gel tlc plates and assays forlreéction yield “and radio-

Py
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A

chemical purity was perforned on Lastman #6061 and Celman ITLC,

s poeviously described.

e}

Jd/g;i\ﬂhc Eftect ot 1C1 Coneentration on Reaction Yield

Five reaction mixtures wvere prepared, as fellows, in
siliconized reaction vessels containing magnetic stirring bars.
Bleomvein complex 1 mg/ml in
borate butfer at ptl 7.8 « . . . . . . 1500 ul
125 '
Na I in water 1 ug/ul . . . . . .. 20 ul
buplicate Sul alfguots were removed trom each reaction vessel for

assay oon Fastman #6001 and Gelwman 1TLC at zero time. Then, 100 ul

of 3.6 m IC! was added to 3 of the reactian vesécls, 300 ul was

L]

added to a fourth and ne ICI was added to the fifth vessel. At 3 and
10 minute intervals duplicate 5ul aliquots were again removed for -

assav. lmmediately after the 10 minute aliquots were removed for

assav, 100.ul-of the 3.6 w'l 1C1 solution was added to onlv 2 of the

'

reaction vesscls. - The reactions were allowed to procded for a further
10 minutes (t=20 ninutes) before all reaction mixtures were again

sampled and assaved as previously described. Then at t=20.5 minutes,
N

100 gLauhdﬁzﬁftTv;olution vas added to onlv 1 reaction vessel. Thus,

\

ca

at t-20.5 minutes there was 1 reaction véssel which contained no

IC1, one which contained 100 ul of 1Cl solution, one reaction mixture

.

which contained 200 ul of ICl solution, one reaction mixture which

‘contained 300 ul of ICl aggedbal] at once and one which contained

o

-290 ul of .1C1 added in three 100 ul aliquots at 10 minute intervals.

The- reactions, were allowed to proceed a total of 180 minutes bcfo:e.

o

they were terminated with 300 ul of 3.6 mM sodium thiosulfate soluticn.

-~
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W

Teoupling constant J=1.5 cps), when the molecule is analvzed by

found to.be at the origin on the Gelman chromatograms. This

Ol

. PN . . : 9 .o : ; o i ;
bosptoesstve 10 ul aliouwots of 1O Gt 10 miaute Satervals,  Reactions
’ ”~
) > d

. O . 5 P .
vere carricd out oot 20 CLoand were terminated af ter 30 minutes.

S0 Preparation o Todinated Bleomvein for Naclear Magnetic Resondnee

(nmr) Studies
Une of the structural components of the bleomvein nolecule

PsoB-lvdrosvhistidine (D2 (23, B-hvdroxvhiotidine contains an

B

Inrdacole ring side chain as its  principal functiodal sroup. ~The
. . L)
P ! - -

-mest Tikely site o1 covalent iodine incorpcation into hlcomvein is
. 1 . i A

at the =2 nosition on the imidazole ring (40)Y (A1) (58)(76)°  The
G

roton atsthe (=2 pocition produces a doublet siswal at $.1¢4 (with
} ] i f f

B
I

nmr Spectroscony (332. The doublet signal from the proton at C-2

should diminish in size as the proton is replaced by iodine and the

signal 'should completely disappear from the nmr spectrum when the
- L

electrophilic substitution by fodine at the C-I position is at or

near completion.  This would establish the position where iodine is

incorporated into the bleonvein molecule.

TJThe following recaction mixture was prepared,

Bleomvein A, 1 mg/ml in borate ‘ )
buffer at pH 7.8 . . . . . .. .. . . . 1500 ul
b 125 : o -
Na T 1 wCi/ul &0 0 0 0 0 0 oo ..., 20 ul
i A _
- B Na]27I lg/ml « . . & v v v o 0 v . . .. 150 ul

.

To this solution was added 300 ul of ICl in three 100 ul aliquots
at 19 minute intervals. The reactiSj‘mixture wvas monitored every

N . o e ., 125 . ] .
20 minutes until 80% of the I present in the reaction mixture.was

§



~

: , - 50 . .
required a 3-4 hour reaction time at 20°C. The non-radioactive

-
I

iodide, Na [, was added in sufficient quantity to give an iodide:?

. 2
peptide molar ratio &6f 1:1. The trace quantityv of thI was added
(

to the reaction mixture only to mqnitor the progress of the iodine
incorporation. When ;bout 757 of the radiocactivity appe;;ed at
the origin of the chroﬁatograms the reaction was terminated with
300 ul of 3.6 wf. sodium thiosulfate solution. The reaction mixture
was diluted to 20 ml and about 1.5 g of amberlite IRC-50 cation
resin was added. The reaction mixture and the resin were stirred

. : ' 3 ,
for 2 hours? The resin was separatgd from the supernatant, dried
and then packed into a small glass column. The resin was elutéd
with-methanol acidified to bH 4.6 and the eluate was monitored by
a shielded 3"x3" Nal (T1) crystal and an sca as previously de-
.§cribed. Tﬁe eluate was neutralized with 0.1N NaOH and evaporated.:
to dryness. The residue was washed with 5.0 ml of cold acetone
and then dried again. The residue‘was then'takéﬁlup in deuterated
methano} (CD305), and scanned by.a 100 mHz analytical NMR
épect?ometer (Model A, 100 D, Varian Associa%;s, Bellvue, Wash.).
A 10-3M solution of unlabeled bleomycin in CD;OD was scanned as a
referencg;spectrdﬁ. The speétra was écanned from delta 7.90 to
9.25. = ' .

The nmr scans were performed 109 times with noise signals

being subtracted frOm‘eégh scan. * In this way the desired doublet at
. . :

9.166)tou1d be visualized.

' 11 L . . .
5. Preparation of WIn—Bleomycin A2 For Tissue Distribution Studies

In-114m bleomycin A2 wés prepared after the method of Grove .

70
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L}

et al. (9). Two mCi of ll_Am«InCl3 was diluted to 3.0 ml with 0.1xN

HCl then 5 mg of bleomvcin A, was dissolved in the solution. The

pH of the solution was adjusted to 6.5-7.0 with 0.05 N and 0.01 N

NaOH. The solutiaon was chromatogtaphed on- dilica gel tle and assayed
L ‘

on Eastman #6061. In both cases the mobile phase was 10% NH&OOCCH3:

CH3OH (1:1).

o

E. Stability of lodinated Bleomvcin A, Solutions
rS

1. Stability of ILaodinated Bleomycin A2 Solutions at 4°C. and 20°¢.

Solutions of iodinated bleomycin A, were purified on Dowex

2

Ix4 columns and then stored in stoppeted clear glass vials at 20°C.

and 4°C. for 30 days. Triple 10 ul aliquogi were removed énd/, .
: o™

assayed on Eastman #6061.

-~

-This was done daily for a pefiod of 10 davs, thereafter

/

aliquots were removed and assaved on day 20~and day 30.  Silica

¢

gel tlc chromatography was performed on days 1, 10, 20 and 30.

-

2. Sfability of lodinated Bleomycin A, to Elevated Températures

- Solutions of iodinafed-bleomycin ye;e assayed on Eastman
#6061 and chromatographed on silica gel tlc. The solutions were
placed in unstoppered glass vials and then immérsed into a.boiling
water bath for 60 ﬁinuﬁes. The sylutions ;gfe éoolsd and made up
to volume with buffer. The iodinated bleomvcin soiﬁtions were ‘then .
again assayed'oﬁ Eastmaﬁ #6061 (95% ethanol as solvent) .and
chromatograbhéd_on“silicaﬁggl.tlc with NH

00CCH :CH3

4 3

OH (1:1) as solvent.
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B ¢!
125

3. Stability of I=Bleonvein A) After Incubation with Cu

Bleomecin has been reund to preferentiallv form stable

@ ~

. " r X N
chelates with copcer (1), The vreferential npature of the copper-

¥ 3
l?lln

bleoenvoin association can he demonstrated by the ract that

bleomvein s completely destroved in vitro be the nresence of

) 4+

Cu ™ (10) (1) .y The presence of Cu 7 would completely destrov an

fodine-bleemvein adduce 1Y the ifodine were merels chelating since
40 . /
the Cu o wvould cornete with fodine for chelation sites on the

Heand.  Therefere, if {odinated bleomvein is stable in the presence
4 A} - L

“

+ | P 0 » K ’
of Cu ~, a covalent assceciaticen rather than vhclab&*?niprmatgon
o ;
C‘ - /

-

125

B » N ‘
would -be Indicated. To test this, .. I-bleomvein A% was incubated

) +2
with an excess of Cu ~.

i I o}
12 .

J-bleonvein &) were chromatogranhed on

<

Solutions of
silica gel tle as previously described and assaved ‘on Eastman #64061.

A copper vhloride (CuCl,)) solutlion was prepared so as to giv 10 ug

N -

+2 . - +2 . . s
Cu “/ul. Then N.1 ml of the Cu solution was incubated with Q.1 ml

- .

125, ' , ' , o
of the I-bleomvein, A sclution for 30 minutes at 20 C.

125

- Triplicqxo 10 ul aliquots of the coprper- )I—b]eomycin A

-

/ :
splution were/éhrbmatographed oh silica gel tlec and assaved gn

Eastman #6001 strips as previouslv described.

Distribution Studies

12’ * - 4 . \

The tissue distribution of . I bleomycin complex and

leomycin A, were studied in normal mice and mice bearing Ehrlich's

i“ .

~ascites tumor in-solid form and then compared with the tissue dis~
A . o 1l4m - C U - -
tyibution of In-bleomvein A2 in similar tumor-~bearing mice.

/Tqufs were allowed to grow for 7 days in the right femoral region



~.

-

before tissue studics were undertaven
A preliminary studvy vas conpleted on g small nunber of -
] i

nercal o oand tumor-bearine mice in o which a wide varicoty of tdssues

vere excised and assaved for radicactivitye This study iadicated
the tissues of interest and aleo the tice intervals at which the

13 N : N B - RN 3
racioasctivity weull be meaniceral,

. The radipactive solution, contalzning atoeat 27 aCi in
O01 ], was indected sToeoly via Che tall velno AU specitied time

intervalg arter Injection the mice were sacrificed e corvical
dislocative) A 00T ml samale of blood was immcdiately obtained

Thie Rlood was transioerre cd tooi e lass oounting vial.

-
fad
=
-
h

..
T ; L ST DU < N . s e s : .
The entire Tiver, midner, so%een Jand testes vere excined and

aliquots of muscie and lang were tazen. When applicable 2 aliquuots
. ! //

of tumor were exclseds T The tissues and orcans were hlotted free of
Blood, weiehold and transferred to class countive vials.,  The

radioactivity ia the oreens and pissues were assavdd for | minfite

in an appreeriatels calibrated gamma counter (‘U\Atll Chicaco 1185,

svarle Analveoic ine., Uos Plaines,; I111.7. ‘
In another preliminary study excisel organs and ‘tissues were
' ' - ¢ - .-
divided inte 3 portions. One portion was counted intact while the
» : .

: - Ciy s .
other two .portions were solubilized in 4M KOH and concentrated

HN63L However, it was gound that counts/mg_obtained for intact

tissues were about the sam¢ as counts/mg obtained for. solubilized

-

fissues. It was therefore decided to assay for radiqactivit§ only

intact organs and tissues.. In jﬁl cases Lhe radloactlvitv in the

car¢ass was also determined. T%e carcass was: p]aced in an open

¢,

R T



Cthe

top plastic bottle 12,5 cr long and 5.5 ¢m in diameter which was
. ‘
then Jovered into a small canircal vhele bedv counter.  The radio-

r

oy

activity was detectedeby two 3"x3" Nal (11) crvstals and; retorded.
. ) . .

Mice were sacrificed at intervals of 1, 2,3, dy0B, 12 and
Y hd .

’
" : . , o125 P :
29 hicurs atfter injectien for I-bleonvein complex and
/ . , . .
bleomvein Ao Mice were sherificed at 1, M, 12, 240 48 and 72 hours
. o ‘ : ~ , _

1
1 lm A L
At ter injoction with in=bleonmvein A A totdl of 6 mice vere.
. ) ’ -

used at cach time intervall  Radioactivitv in organs and tissues

» ‘

vere exnressed as nercent dose per gram (U dose em T). Radio-

activity in the blood vas expressed as 7 dese per 0.1 ml of whole
. ] . o ,
blecd (7 dose 0.1 1 7). Tumor uptake was compared to uptake in

®

C . . ) P
e le, Blood and ene other tissue which apreared.to have significant,
. . X o LR

1 1

uptaiie and which mizht bu of clindeal interest® .

. . ; - 25 .
. Whele tion fnasrsis of I-Bleemvein

A

v

[ B ]

. ’ oo 12
Throe wmice were cach administered 11 uCi of - I-bleomycin A
- N i e [

3 . 'a.
bv tail vein infection. AU various time iatervals after injection

; . i A

the mice were piaced in plastic bottles which were . then placed into

.
®

a small animal whole beldv ¢cunter. -The ragbéagtivity observed in
. [ - » )

N u . - .

> minutes alter infection was gonsidered<to be due to

i .

! * - v

.

of radfoactivity remaining in’

)
hos
o
-
s
o
J.

the ¢n

~—

ire dose injected.  The amount
. ¢ .

' =

the animals was deternined by whole body'countiﬁg at 1, 6, and 12

hours after injection then dailv for 10 davs. The counts were

| .

L34

o

. o RV gt ' . '3.’ L , > %N .
activity observed. in the animal at 5 minutes. An excretlon'curve'vﬁgz ‘

- . : o N ‘

was then. plotted and analvzed. - .

-

corrected for phvsical decay and expressed as a percentage of. the .«

5
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I.¥ Chromategraphic Preoerties of the Bleomvcins, Iodinated Bleomvcins,

/ i G ' - ,
ll*mln—Bleomvcin AL, ﬁal“sl and 1 ﬂInCIB

.

The relative migration rates of a group-of structurally re-
lated compounds depends on their relative polarities in a chromato-
graphic svstemn. Polar substances migrate at sléw rates while non-
polar substances miprate at faster rates. The dq:rec.of resoluttien
attafneé i1l therefore depend on the relative differences in the

o 2 o . v . . e
polarity of the substances. Substances which are not structurally

related can orten be resolved on the basis of their solubility.

differences (33). Tor mixtures of structurallwy unrelsted substances
~ R ] ’
it is often possible to choose a carcematographic svstem in such a way
» .
that the principal cemnenents will be completel v resclved, that is

one substance will migrate with the-solvent front while the other
will recain at the crigin (93). ' : ’
The characteristic gobilitv &¢ anv parti-ylar substance in a

(a

ed bv its relerence or Rf value

=3

; . - ..
piven chroratoo™aic svstom s defd

-
i

The Rf vaiue can not only be used to detect aud help identify a sub-
stance, it can also he used to determine if the molecular structure

. . ‘ 2 . . R o : .
of’ the substance has been altered in a significant way. Structural
A - N
1

alteration of a melecule can significantly change its pclarity and/
; - PR ’ % . B
or solubility gharacigristics thus causing the Rf of the substancg

to be displaced from its normal value.

(@) e

distance moved bv’theAsubstancgy(cm)' v
distance moved by the solvent'ffdnt (gm).

. The RE value is characteristic for a glven substance in a given
chromatographlc system. g o Tl

)



Radiochromatographyv is an adapt&tionléf traditional chrom-
atographyv in that labeled compounds are devel?ped on the fhromatogram
and t%gn their radioactivity is used as a éensitive means of de-
tecting the presence of the substance, localizing ifs position and
giving a quantitative assessment of its concentration.

The technique of tﬁin-layer radiochromatography can be used
in nuclear pharmacy to analvze the vields from radiolabeling pro-
cedures, for agscssiné the radiochemical purity of the product
produced and often It cfan be used to determine if the reaction

conditiochis have 'significantlv modified the structure cf the sub-

stance. Therefore, the behavior of the bleomveins, radiolabeled

L - . . 1l4m, | w125 ‘ :
bleomvcins and the radionuclides, InCl. and XNa 1, was studied

3

&

Tusing a varietv of chroematafraphic svstesms.  The objectiyes were

BY

. . ; . . . o
first, te develop an accurate and rapid method of assessing ‘the
Jie e i 5

presence, reaction vield ané radiochemical purity of radiciabeled

4 .
» .

blecmvains and second, te determine if these labeled rolecules werg

being rressiv.depraded bv the reactien conditions. = _ L
i ; ..‘ . * . . -
L L A . . . - Lo .
A. Chrormaregraphic acn¢rt;és cf the Bleomvcins, Icdinated Bleomvcins
: 125 o A T N . = A .
and Na "1 ¢n Silica Gel TLC Plates Using 107 Ammonium Acetate:
. (@) . :
Methanol (1:1) as Solvent Svstem
- The Rf values obtained far each of the solutions is shown in. *
Table 1. The unlaW¥eledybleomvcin complex'Wwas found to be resolved
. ) ) . _ ‘
. . o - - . ' ' - : R
Aa o Sy S o Oy o0 )
. : (f)lOA NHAOOCCH3:CHSQH (1:1) or IQA,NBAAc:HeOHr(l:l).
A - B o - v , .
) L . oy ,
- 20 . ) »
\ o ¢

vl o ' S I
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This is in agreement with the accepted conposition of blecmycin

complex (5), and also with results reported. by Mori (20). It = -
- . s P ’ T
tends to confirm the belief that iodine doe8# not.have any pre-

» H

,

~

fraction.i Bleomycin an=C, however has a histidine

ference for the-Aé‘
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#

required 2-2.5 hours to develop 13-15 cm. This is the distahce that

+

*

was found necessafy to give adequate resolution between the labeled

B. Chromatographic Propertigs of the Bleomveins, lodinated Bieomw.ins
_ -4
- 125 - oy . . - 5 R,
and Na I on Lastman Silica Cel mvlar backed 1x20 om strips, “oiri
Using 9570 Ethanol as Solvent Swvsterm
The Eastman #H061 sheets, as described previouslv, were cut
? by A |
Into 1x20 cm strips. This medium was 2 convenient alternative tc
A - :
the more cumbersome tlc plates. lowever the Dleomvain complex could
not be satisfactoriiv resclved into separate fractiors on fasiman
medium In spite of many trials with Zifferent soivent svstems. ¢
was found, as shown in Table § that unlabeled Blecmvoins, with
107 N onccs PRI D an solvent srstem, would miprate to 3 Sroas
- 7 14
. . R %
Sand LelwWeen ®l BN AU S ~hen Yo elndno. was used abdboecivent Ll
, S
RS
WU § - e m Sy . . [ S — Nt Voot e e ~  F3"
SL.enyve s T 12T 30 Unw UlRLn. .‘(L v iy WWever, oS
. . . ¢ %
o WEB d 1851 TOVIng Sonnonent wilnoan %= 22 as §hCwn N
N ‘ * ~
e s .1l .
dabie S As would be exteoted' the .-oLecTvoins alse staveld at
i
the orinin under these conditions.  Therelore, Lastzan snlel STrivs,
[ S . . [
usimg 200 eihancl as sulivent was found to Ye anm dccurate method for
)
(S
fetermining the vield of the radicicdinasgon realticns.and ‘or
s ’ v
assessing the radicchenizal purity of the products.
. ,
X ) * .
The main disadvantare with the Tasiman svstexm was slow
’ ) ' . - . -
. - .« . . . . " 4 _‘ ¥ .' -
development time. Like silica gel tic plates, the Eastman strips | +

molecule at the origiﬁgand the»highiy mobile iodide peak ét Rf = 0..88.'

N

This wa5~éspecially téye when the conéenttation”bf‘freékNalzsl was

i
.

_rglativély high becadée‘the peék'tailéd heavily into the regions be-

tween~Rfﬁ=;Q.SO and 0.80 unless the strip was developed'lﬁ;IS cm

"

X
b s
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\\\‘When Na}zsl alone was chromatographed on Eastman #6061 strips, less . ¢

thin 17 residual iodine was foundyto be retained at the origin.
) . . . . : .

Another minor disadvantagé encountered with the Eastman

system was the necessity of hauing'to cut the chromatogram into 13

_equal segments 1 cm. long and assaying each one individuglly for '

. , .
lm ’ . 1

radioactivity.

C.) Chromatographic PropcrtiEs of the.Bleomycins, 1251—B1eomycins ; \\\\
125 (a) | ‘ ‘3@ e ocs |
and Na, "I on Gelman ITLC Silica Gel sheets Using 95% Ethanol

AW
\\~ X . E 33 : . ) | g .
as Solvent System - .. o .

The chromatographie/beha01or_bf the bieomycin compounds and

~

2 ' , , . _
Nal 5I on Gelman tlc media-is shown in Table 3. Their chromato-
graphic behavior parallels,Wto a~large degree; results obtained dsing

Eastman chroma ogram sheet§.. The labeled and unlabeled bleomyc1ns

Al

“failed to move from the origin whlle Nalzil ran to the solvent front

with»an Rf centered at 0.90. The chromatograms dn'which Nalzsl ¥ W

alone was develoned were cut into 1 cm segments and assayed for
radioactivity in a su1tably calibrated gammaicounter. About 1% o
residual'lzsl was found at the origln of'thelchromategrams
-The chromatograms developed on Gelman ITLC media, using ad
.seprachrdm(a) minitank and 95/ ethanol - as solvqht ere completely |
developed in 7 cm. This requlred about 7 minutes, The distributlon
of NalZSI on Eastman and “Gelman chrbmatogfams is showniln Figure ) and 6 .

and Appendix 2.

For Gelman ITLC, 1ess than 3% residual 5I;was‘ found-in

—— . - o | - E N
Cé)Trademark Qf_Gelman Instrument'CQmpany,»Ann Arbor, Mich.
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the chromatogram region R = O to RfA= 0.50. A}n cohtrast, Eastman
125 '

a

chromatograms had about 107" I dlstrlbuted in thls reglon There—.-

fore, quantitative estimates of reaction yields and‘radiochemical -
pul]ty cou}d be obtnlnod bv 51mp1y cuttlng the Celman chromatograms_

into only 2 cqual nortlons then assav1ng ecach half ‘that is one half
containing the origin and the'other half contéining the solvent’
R A g ' : .

il
*

fronts in a.-suita®yv calibrated gamma counter.

2 . v N . . B
. N . N Ll

‘The results of assays obtained 'on the Gelman svstem were
. - ; L eEEerE T ‘ o : s .
compared to results obtained on Eastman chromatograms. Aliquots K

were removed, at various time intervals, from a series of iodination

reactions and chromatographed using the 2 svstems. The paired re- >

© . action ViclﬂSithUs oBtaihed wete]subjemted to a paired t-test and

'

tested at the 5% - level of 51gn1f1cance (92). The'fesults'af the
t—test shown in Table 4 1nd1cates that the palred ylelds were not o <:\\

"significantly different and theréfore‘ﬂelman and- Eastman systems,ﬂ

.

could be used interchahgeaﬁly to quantitatively determine the yields
R - . W : . i . .
~of iodination reactions and to assess: the radiochemical purity of
the iodinated products.’

D.'iChromatographlc Behav1or of the Bleomvc1ns, llamInFBleOmvein A;

and llAmGC] on Sl]lca Fel TLC and Eastman Slllca Gel StrlPS B

3—
U51ng lO/ NH OOCCH

-CH OH(l:l) as_ Solvent Svstem © .

)

3
The chromatographlc trOpertles of lllIn-bleomycm end 111 InCl3 ‘_*:* 
'have been well documented (9)(10)(11) ‘The behav10r of these sub— .
«stances on the chromatographlc systems’ usediln this study is shewn in.
Table s, ;7v;m' e _;V‘ZQ f_' 5;;lf | '
0 v .



- : Table 4
(a)

Comparison‘of Reaction Yields calculated from
— _ _

Assays Performed on Eastman Silica Gel Strips | iT

“and Gelman Sheets Usingf9SZ”Ethaﬁol as Solvent’

-

- | ¥ B
-, :
- |  vields'®
Experipent No. 1 23 4 Eash 6
- Assay SysStem: : o .
Gelman ©73.7 . 80.4 82.9 . 74.8 - 72.9 - .76.9
Eastman - 73.2 76:1 76.9 - .79.9 ~81.1 77.4
. " N } » . . Alﬂ ) N . E - ‘ . }
- Difference - 0.5 - 4.3 - 6.0 _S.l - 8.2

4 .

. A paired t?test"to'déte;mine if the observed differences in the

assay results were significant was earried‘out after the method of

'ZaLiE (92),: The éalculated t value for the observea-data‘Was'

[

t = Z}Q_whiléetheoréﬁical t0.05 value was tQ.dS,=f2;8 fe; 4 degfeeS"

of freedom. ‘

ThefEfore3 no significant:différence was fbund'betheeh'the

two chromatographic_systems‘for the reactions.tested:

@y ool Ll

Ylelds were calculated by expre551ng the radxoactivity in counts
per minute (cpm) as a.percentage of the total radioactlvity in
-~ cpm detected on -the chromatogram. :

87 -~
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) The l'lz'mln--hleomycin A,, on silica gel t1¢, had an Rf of = *

q.35'which was identical to the value found.forlunlabeled bleomycin . -

Az} on Eastman silica gel strips #6061, bleomycin A2 was detected
’ . . - :
as a broad band between Rf 0.50- and 0.60 when visualized under UV

light. 1Identical chromatographic,behauior was observed for the

114m . ‘ 114m

T~

In-bleomycin A . The InCl3 under neutral’jbnditions'was-‘ 5\\\ .

2

hydrolyzed to 114mln(OH)3 yhich was found to be insoluble and .

which-stayed'at the origin of the:chromatopram o

" Therefore, silica gel tlc prov1ded a means of 1dentify1ng
the radiolabgé!g blcomvcin and for determlning if any ;ross changes
Ihad occurred in its molecular structure during the reaction. .The.

- Eastman silica gel svstem, using the same solvent system as. silica

Gel th, prov1ded a means of asse351ng the reaction yield and the -

-vradiochemical purity of the labeled product. . - e

E. Ghromatographic Behavior of the Bleomycins, ;ZSlFBleomycins

and-Nalzsl on"éephadek G-10 Columns ‘

Gel flltratiOn chromatography is a prepar tive and analytical ,

ording to size (947

technique that is used to separate molecules a

Molecules.larger than the exclusion liml
9. .
:swollen sephadex) cannot penetrate the gel particles and therefore,

’these molecules w1ll pass through the gel bed in the liquid phase
".outside of the sephadex particles and: are eluted frbm the column

first Smaller molecules penetrate the gel particles, to varying

e ’

[f degrees, depending on. their 51ze and shape (94) Molecules a#%

~

therefore eluted from a sephadex bed 1n order of decreasing molecular' lii"ifv

& -

;:si;e. Thus sephadex G lO colj?ns1can be,usedfto_purify'reactiOn;

(the largest pores of the p:‘
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' . o 125
mixtures by excluding a~lange—molecu1e, such- as - I bleomvc1n so

« o B ' : .

: : A ' A
that it-is luted fx{:v, whlle retardlnp small inorganic . 1mpur1t1es

sueh.ps 1251 igns. Bv proper control of column length and the flow
’ . . R . P .

rate of the- c]uate a sample qan be eluted in a volume only sllghtly

-larger than 1t§}%olume before it was applied,to the top_of-the

i J'Nk‘h 4 . .g .lo ' . : N ,_'
sephadex column (94).. . e ' '
T . N ‘ e
On sma}l.sephadex G—lO inicolumns, orepared as prev1ouslv "
: - /

descrlbcd ‘the labeled and unlabeled bleomvclns vere, found to be

' A} X o 4

. 125 - - . . : .
eluted at the column v01d volume wnlle free Slpvwas eluted in a’

» . . N

-band at twlce the\v01 volume : - N

The, minicOYumns were used'primarilv to -assess the‘degree

s

)

of progress of rad101od1nat10n durlng labellng experlments A lO 70

L ’ }

\
ul allquot Of Lhe reagtlon mlxture vas eluted through‘the column,

J

-u51ng \ater or 0.01-M buffer as eluant, and the radloactlvltv was

‘ detected bv a 3”x3” shlelded IaI(Tl) crystal A radioaLtlve ‘peak

~at the column v01dizol0me was 1nd1cat1ve of the presence of

. 125 ' :

o bleomyc1n in the reactlon mlxture) were treated in parallel w1th all

l - , ' .
1- bleoch1n in the reaction mlxture Blanx reactions (no I

.

'reactlon runs and allquots of ‘the’ blanks were assessed on G-10

By m1n1columns in parallel to. ensure that the peak at: the’ v01d volume

: 'system.

_ bleomyc1n and free QZSI peaks separately, measuring thelr volumes s

'was not due to polvmer formatlon or to contamlnatlon 1n the buffer
S : A B - :

A reasonably rapld method of quantltating the reactlon yleld

‘on sephadex G- lO mlnlcolumns, con51sted of collectlng the‘;zslf BREE

then assaylng the radloactlvltv in- an alquQt from each peak and

90 -



correctang for dilution, This would give a measure of the relative

counts assoclated with each peak thus providing a rough measure of -

reaction:yield. A 106%_e1ution.from the CQlQE“ was assumed. The

: . T C - . 125 . Lt
results obtained were -only approximate because the I-bleomycin
3 . . : ‘o

\

peak always contained at least lO—lSZ of its"%adioactivity as

1257 ' :
free- ThlS was confirmed on numerous ogcasions by radio-=

,[/ ) A ,
’Q

chemical assays performed on Eastgan #6061 511ica gel strlps This

free 1251 in the l%S I-bleomycin fractlon could have_been‘due to the

" short column-length'(dfo,cm) and the.high flow rate of the mobilé
e , 125 125 -
phase. However, goodvresolution of~the~ I bleomycin and

peaks waskalways obtained and it was felt that the. free 1251_ at

the void voltime could also be due to dissociation of Weak nitroéen—
"odine bonds as the reduced reaction mixture was eluted through
the coluﬁn. The sephadex matryy'also containS'aishallonumber of
: _ .

’carboxyllc groups, which in a 1ow 1onic strength solvent system,
i; can interact. with negativelv charged substances excluding them

from the gel phase The negatigg'substance mav then be eluted at

- or near the column‘void'volume 94) This effect can. be eliminated

by %he use of solvent systems w1th ionic strengths of -at least

0. 02M The radiochemical purity of the products eluted fr?m the

Y

- G- lO minicolumns therefore was not found to be satlsfactory for ,.ﬁ

‘ ¢ g

o in vivo studies
Further experlmentation indicated that it was po ible .

__to pass the sephadex G -10 eluate through a Small Dowex 1x4 layer‘;u

'”‘Ato reduce the re51dual 1251 to a satisfactory level “Radiochemicalf.{

‘»p_ur_lty of the.Dowex ,‘lxl‘, elua‘te 'Was_ found to be grea’terjfthan, 93% .'

91



o
However, the G-10 minicolumns diluted the volume placed on top of
. : .
’ tht sephadeh co]umn bv zxﬁkuxor of 20 and this dilution factor was

-

125 .. ‘
found to he unacceptab]e since once ZSI-bleomycin was placed in an
aquequs solvent it became difficult to ext®act and the diluted.

radioactive solution could not be used satisfactorily in vivo
: S . ' S L
because of its lo&\radio coﬁcentration. ,Therefore it seemed

.

fe}eiblc to use a mixed column contalnlng a relatlvely large volume

of G- 10 on top wvith a small 1-2mm lqyer-gf Dowex 1x4 on the bottom
, _ SRR _ : R .

of the column.topgive'a'One-step purificatiOn techniﬁue.; To de=-
crease the band;broadenlng effect that occurred on G- lO m1n1column5~

longer (15 cm) sephadex columns and slower elution rates were tried.
. : S - \

~ Longer columns and slower elutlon rates however tended to defeat the

4ObjCCleen of the study whlch were to deVelop‘rapid production,
' .

) : 3 . : . 23 L . 5
purification and assay procedures.so that,short—lived ;.BIodlne'could

be used to label bleomvcin. In addltlon to 1ncreased elutlonl_ -

%1mes long columns terged to- ‘retain- varlable but sometlme sig- -

“ S
nlflcant amounts of rad oact1v1tv. ~This: is probably related to
jthe carboxyllc groups in. the gel matrlx which -under condltlons of

!

low 1on1e strength, tend to ddsorb,cations.v A 51gn1f1cant prOportion

L : S ' : L : ;
~of the\bleomvcin‘ and presumablv.lzsl bleomvc1n w0u1d be cationic . };
. . ) . . 7

.

‘at pH7 and they could be adsorbed ‘in 1ncre351ng quantltles as’ the

length of the sephadex column 1ncreased Vo attempt was made to’

: ' ' 125 - ‘
determine 1f the retalned radloactlvlty was due to free : 5 or. .
ZSI—bleomyCLn.'”v C : . v ';l#h :-',’°'_,"f.

Therefore, ?ephadex G~10, when used 1n the manner descrlbed

v

kinfthe:experlments, was found to be satlsfactory only as, a means of

N
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determining if I-bleomycin was present in a reaction mixture.
The Sephadex G-10 procedure, as used, wiéﬁﬁksatisfactory'because
. 1eX aure, At - |
it unduly diluted the fraction being eluted, it did not provide an .

.accqgrate method for assayiﬁg the‘yield of a reaction and it could

L o el 125 . e .
\H?t be used alone. . to purify the "~ I-blebmvcin reaction mixture

for in vivo studies. _ . s

\

\ .-

|

\

UI. Isolation .and Purification of Bleomvgin A, From the

. S : o _(a),ff: o~
Commercially Available Bleomvcin Complex

2

:flﬁiogder'to>bé'feproddéible, b}ological and chemical studies

must be done Gigh compounds of known compositibn. In this way the

unique properties o6f each cempound can be defined .and assessed.

. .
P o

4 Bleomyciﬁ-Aé is,thekmqstlébundant bleomycin fractiph'in'the '

commercially ‘available complex (Blenoxane;}Bristol Laboratories;,

;Ocaﬂdiac’-P.Q/); 'Preliminaty‘animal studies’(&)ﬁﬁ), have'éhpgn‘that
bl_eomycin'A2 may have some potéhtially useful biological properties. R
Fof»examﬁle, bleomycin AZ was found to be i.pidly exdretod_from o ' ‘

most non-tumor tissues but -at the .same time it was.found to péve a.
. rapid and selectiye uptake into éomefaﬁimalztumors with'a sub-

sequent slow rate of degradation'and'8xcretion. Therefore, in an .
:v" . ».r : . \ - /' . s } o
effort to achieve incﬂeased tumor specificity, a number of ex—

K ° .

AV . o
/ periments were undertaken to isolate the A2

fraction from the
' .bleomycinfcbmplexfgnd to study the tumor affihixy of the bleomycin’
52 fract;gn. S R S

S ’(a)Blendxane,‘Bristol Labqratories;rpandiac;eﬁue; (Canada). -

3 s -.‘ . 4



in a'pre]iminaryicxperiment_O.BO mg of b}eomycin;Az working

‘ stahdard (Nafional InstituteS'bf Fealth, “Tokyo, Japan) wvas épplied, ‘4[1

in O.i ml of wafcr,'in a band along the origin of a 5x20 cm silica .
gel tlc plate and developed in 10% I\\HAOOCC&3:C1130]I(1: The
bleomycin A2 appeared as a wide band ceptered at Rf 0.31 wvher viewed

»

“under short wave uv light. This band was scraped: from the plate
; A _ - N RS _ _ v -
" . and the bleomyvcin A, was extracted from the silica gel scrapings = -

) & ' . ’ N . : R ' . ' . . . ' .

vwith'methanol‘as previpusly described., The quantity of bleomycin Az
- in the eluate.was determined from*a standard curve, as’shown in

AppghdiX/I. It was found that O.SS'mg,'of abouf‘672,’6f'the .-

y initiaily applied amount - of bleomycin A Icoh}d_be recovered by

2
. . - - . : . %
~this technique. - _ e
’ . . ) . . ' " "
After the trialriSOIations of bleomycin Aé were fouhd to
‘be feasible, entire vials of biéomycin complex (Blenoxane, Bristol . =
. K . . T - Y o N ‘ . o ' .
-'Laboratories, Cahdiac,-P.Q.) weré similarly processed. The con-
_ - S : - ‘

Q

’tegés of ‘1 vial df;bleomycin cdmbIex was disselved in 0.5 ml of

water‘andvthen_applied as a;band‘along.the;origih of 20x20 cm
,silica'géi‘th piate and developed ‘using 107 ﬁHﬂOOCCHérCH3OH(l:llW 

as solvent'systgm;"The silica gel-coptaining.thé-bleomycin'A2 was .

scraped  from the plate and extracted with methanel. The methano

ﬁ R : . . . Y,‘»- T

cOn;aiﬁlhgjthé bieomygin'AzAwas;e&aporated §o.dryneSs and tHe

residue -taken ﬁp with'appropriate-buﬁfep:‘JThe.bleomycihiA2 was"thén
used for radioiodination experiments. . . T o -
Thréé,batchgs of bleomvein A2 wéreuisolated'frOmivials of
o . o B oo - ,‘
he'commercially avaiiablefbleomycinfcomplex} Tﬁey:esultS»afg L
fshowd in Table 6. - -~ ° T \} M o
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complex, could be used for iodination reactlons w1thout further’

o IS .
I3 ¢ :
' - Table 6 ‘ ‘ 3
A Quant{tg-Of Bleamycin A2_Regovercd from the | : i l
- Commerciallv Available Bleomvcin Complex
. (Blenoxahe, Bristgl Labs.) . -
— . “ .
_ Net Weight g Retovery of v
Vial . ’ of Contents ‘ [ AQ Fraction
N B .
1 o - 8.2 mg . 2.6 mge - [
2 ‘ . 8,2 mg . 2.1 mg
. - oo R o :
3 -7 ' 8.3 mg o 2.4 mg S A
i Average pecovery of bleomycin A2 = 2. 4 - O 3 mg
. S o T
_ The bleontycin A, fraction, as récovered from theibleomycin

purification. dlowever, the bIeomycin-A2 stlaf'contalned re31dual e
i ‘ ’ 8 v : - .
ammonium acetate from the buffer'system andvunknown“impurities from

the 51lica gel Bleomvc1n A Was further purlfled when 1t was used

-

¢

for b1010g1ca1 studles Purlflcatlon was accomplished by'ex—
tractlng the bleomyc1n A from the aqueous alcohollc solvent\sysbem =

with Amberllte IRC- 50 cation exchange re51n (1n the H form) for Z

hours, . B e e
- The catlon resln-contalnlno the.adsorbed~bleomyc1n Az»was .

separated from the qupernatant Wthh would’gontaln most of the 1m—"

.purrtles}" The bleomvc1n A was eluted from the Amberllte IR@ 50
, G e ,
© using methanol ac1d1f1ed to pH 4 6 w1th O IN HC1. The extractlon

of bleomyc1n A2 from the Amherllte IRC 50 re51n wa’s monltored by a

stflowcell in a uv: spectrophotometer (Beékman Model DB) at 254 nm.'A;'V
S v . ;g. e ot



{
When all the bleomvein A, was extracted from the resin the methanol

was neutralized and the solution evaporated to dryvness over low heat.

e ' . . : S . f
Ihe blecomycin AZ was taken.up into a minimum quantity of warm
L n . . :

~ethanol. The solution of bleomycin_A2 in ethanol was placed into a

larger vial. which contained a small volume of diethyl ether. The .
.oy . .

larger vial was tightlv sealed and allowed to stand at room.

temperature. The etheﬁtvaporized'and mixed with the alcohol thus
: o ,
changing the polarity of the solvent system containing the

bleomvein AZ. The b]eomycin’A2 would.ctystallize_out, usually’

‘within 24 hours. . Appreciable gmounts of water in the solvent

systém made crvstallization diffieult\and reeovefy‘highly variable.
. » '

“In order to iénfirm the recovery of bleomycin AZ from the
AN - e a N :

. ' Coer : LN . L
- IRC-50 resin, 0.80 mg of blecomycin A2 working standard des dissolved =7

4 1 - :
Ain 15 ml of methanol and extracted with Amberlite IRC-50 .as pre-

. L B . L]
viously described. The Amberlite IRC-50 resin’ containing the ad-

sorbed bleomyggh A, was eluted with acidified methanol. The re- 3

covery. of blcouVCin A, was found ‘to be 0.70 mg or about 87%. When'
2 ) :
B A .
the bleomvcin was'recrvstallized using tge ethanol-ether solvent

systcw 0..52 mg was. recovered although these recoverles varled

widely, p0551b1v because of excess water in the solvent system.
. N . ‘ !

Therefore, the net recoverv of bleomycin A from the -
bleomycin complex, if all purification steps were done\ was

estimated to be: 67% Tecovery from the 8111ca gel scra ing. 87/
from the IRC 50 re51n and about 60% from recrystalllzatlog or a net
recovery‘of 35%. However an extremely hlgh qualltv of bleomyc1n

'A2 fraction could be produced by thls method

>
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The proéedure outlined was tedfbusy; time consuming and not
ve%( efficient. JRecently,»a new téchnique has appeared in the
- \ | .
literature for separation of bleomycin fractions (47). This

“method uses high performance liquid. chromatography (hplc) with

4 3

Porasil A a? stationary phase -and 0.37 NH, 00C€CH :CHBOH(lzl)
as mobile phase. The use of this technique as a preparative,method

for isolating bleomycin A_ warrants further investigation. Al-

ternately, it could possibly be used for the prgparative.separation

of 1Z.SI-bléomycin A2. .
. s N ﬁ ‘ "

IIT." Radioiodination of Bleomycin A2:~'A Comparison of the
. - . : [

Chloramine-T and the Todine Monochloridé® Iodination Hethods

A. Radioiodinatioﬁ.of Bleomycin Az.Uéing the Cﬁloramine—T‘Method k
There afe»£WO gener&l approaches to-lépeling.proteins‘and;
pdl?beptides'using chig;émine—T.;‘The originéi app;oéchiof Huntef
and Greenwood (66), - used high chio;aﬁine;T ;onpentrations-ané
véry short.reacﬁion.tiﬁeé. A modifiéation.of thiélappfoach
éEVelobed by Mchnahéy Eﬁ_él; (89), uéed mﬁdh loéerichlqramine—T
Songehtrétidns and reaction times qﬁftol5~minutés.liBoth'of thesé
methods were capable_of‘prOducipg-high.specifig:agfivity,radiq—. j

L

:iodinated proteins. o - - e i

l.‘»The_EffECtAof CﬁlbraminéfI Céncentration bn'thé»Reaétion‘YiefH'

e 125 o . ‘
of I—Bleomycin A2 D

Proteins and high molecular weight polypeptides uigaliy

L)

contain a number of readily avallable reducing groups, such -as

cystlne,.cystelne and tryptophanej ‘residues. . thselpeptide re51dues

o -



-

-“v

gﬂ\) : , _ -
are eaé%L:Yiiifized by the chloramine-T thereby reducing the
quantity ol oxidizing agent that is available for producing /

cationic. fodine. Since the number of these reducing groups varies s

N

¥ : e by ,\‘.r ’/
with the specific protein or polypegﬁi)g, the amount of'bxidizing.

\

agent that will be required to. achieve a satisfactory level of

N he

iodination will also vary accordingly. 1In addition, the empirical

>

evidence of Hunter (86), suggests that the amount of chloramine-T
might also depend on the concentration of radioactive iodine in

| : . : - SO 125
the reaction mixture since trace quantities of I invariably

, : ¥
required increased concentrations of chloramine-T to mainta n-,/////
o o
-n‘.o . ' .’ A "‘/
iodination efficiency. ' :

®

In the present sct of exnerimentsAa large range of chloramine- |
4

T concentrations were uscd initially so that the optimal value for
radlolabellng would, at least be 1ndicated.' The'concen;rationg,'
usgd vere 40, 80, 309 and 800 ug-of chioraﬁine—T per reabtioﬁ mix—f-'
ture. This womld glVC a set of éhloramlne—T toilodlde and chlor—:z
//—amlne—T -to- peptldejfﬁtlos that would bc compalable to the ratios used ;?
by MCConahey at one extreme and Hunter-at the other'extreme. A
reaction tlmg.of 120 seconds was 1r!\1t‘1ally chosen because it wa.s also
1ntermed1ate betweén the reaction tlmes of these two extfeme
'.approaches. A pHvéf 7 8 was used becauSe 1t was génerally'accepted

as belng at or ‘near ‘the optlmal pH for the 1od1natlon of orotelns

(66)(86) L
125 ‘
The ylelds of I bleomy01n A2 obtalned w1th these 1n1tial

- . .
reactlon condltlons are shown 1n table 7. The optlmal concentration'

of chloramlne T ‘in the reactlon mlxture vas found to be 800 ug -
- d . ' .

' RN
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which gave an average yield of about 26%.. The 40 ‘and 80 ug
quantities of chlofamine—T gaQe only ‘trace labeling. WitNQQOO and

' TR 125 ~
800 ug quantities of chloramine-T, significant yields of I-

bleomycin AZ wereiobtained~whep compared,to'blank reactions which . . |
. : . 7 ' R ' L

‘contained all the reaction ingredients except the bleomycin. The

optimum concentration of chloramine-T required.in»these experiments

was more than the 100-200 ug used by McConeﬁey et al. (89) but less

thah_the‘lOOO,ug.quanti;ies originally used by Hunter (66).

] Table 7.

The Effect of Chloramine—TvConcentratioﬁ and'Temperéture

enltheyReaction.Yields.of 1251 Bleomyc1n A (a)
A’s‘ .. ) . | (b).
“Chloramine-T ‘Bleomycin L - Reaction Yield
Concentratlon Concentratlon Temperature Expériment Vumber Average
40 - - 164 - 20 s T -
4 ° . ’ * . ) “ ) ! B . . . ' L N
80 - .« 166 . 200 = - - trace - - ~-
30 . 166 20 - 12.6 15.1 15.9 20.9 "16,1%1.7
800 164 . .20 . 33.129.0.19.2 26.4 26.9%5.9
© o800 - . 207 1,6 1.2 2.8 0.8 L.stio
- Co1ek . %00 782 48 5.6 3.1 4.2t
800 - 164 - OA"fﬂ16{6‘24;3.21.6 2644 22.2%4.2
(a )Bleomyc1n A was isolated from bleomycin complex (Blenoxane,
Bristol Labs , Candlac, P. Q ) , W :
), 125 . A ‘
) A1l reactions ¢ontained 20 uCi of I. Yields were obtained from ‘

Eastman chromatograms developed u31ng 95%: ethanol ‘Yield was— = -
calculated by expressing the act1v1ty (Cpm) at origin as’ a per- o
- cent. of total activity- (Cpm) on entire chromatogram. '

&
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It is well known that high concentratlons ‘of ch]oramlne T

may 1nduce subtle chemical changes” 1nho the structure of the molecule

belng»lodlnated and these structural changes. could modify ‘the

r

biological behavior of the compound. The~oxidizing action of

AN

2 =~

. Thloramine<T then, could destrov or modify the tumor specificity of

bleomycin. Therefore it vas felt that any attempts’toﬂincrease the

" ’

reaction vield of 12$l~bleemycin‘A2 should not be done by merely

.

-increasing ‘the chloramine-T concentration but father by attempting

.to identify and to optimize.the‘other{parameterslthat'could in~-

-fluence radioiodination yield.

. of protelns (86).

o
»

125

2. The Effect bf pl on\the Reactidn Yield of I—Bleemycin A'

‘ The effect of pH on reactlon yleld 1n th1s set .of experiments
S ' 125
is shown in- Table 8 The maxlmum vleld of 20 3
: Y

was found to occur at pH-" 7 5 wlth y1eld° falling off sharply in

I bleomvc1n A2

P

‘the extreme alkallne ranges test ed lhe shape of the curve appears

to be comparable to the one obtalned by Hunter for the radlolodlnatlonv

e

.

"A Duncan s multlple range test was carrled out. on the mean’

~

reactlon y1elds at the 5/ level of stgnlflcance, after the method

. of Zalik (92) A Duncan s multiple tange test is a method of com-'

. the set of ‘all nreatment means are equal It is used in, place of

’ s

" parlng a set of treatment means " The hypothesis being testeo is that

.

- an F—test when there are more than 2 treatments In the test “the

dlffeqence between ‘the ranked means 1s compared W1th ‘a set of
R

standard s1gn1f1cant dl:ferences, derlved from\approprlate tables

(92) The s1ze oﬁ the standard 31gn1f1cant d1fferences depend

100



in part on the. closeness of the means after ranking (being smallest
for adjacent means and largest for the extremes) and in part on the

standard deviation of the meanS\(92). The difference between means .

is'significant if the observed difference hetween the means is

‘reactlon ylelds obtalned at pH 8. S\and 9 O The reaction ylelds :‘:w‘;x

'keach other Alkallne borate buffer was used to supply reactlon

O

greater than the theoretlcnl standard 51gn1f1cant dlfference for

fhe ranks being Compaled 92) ..

\

Table 8 .
The Effect of pH on Reaction Yields of }ZSI*Bleoﬁycin
J Experiment Number(a) o o .
h.2§v4 RS S 2 3. ' Average
6.0 13.2 12600 161 14.0t19
7.0 164 1.1 182 17.2%0.3
7.5 170000 el 223 20u3talh
8.5 1.8 . 10.9 9.9 - 10.9%0.3
9.0 . 1001 _"9;.9'-.'-19.7__" 9900

-

l\

(a),

tlme of 60 seconds

All radlolodlnatlons were carrled out at 20 C with a reactlon .

The results of the Duncan 5 test 1s that the avedage re—’

1250 ..~

action’ ylelds of I bleomyeln A2

; ~
~

.bjwere all 31gn1f1cantlv dlfferent from one. another and from the

f,bbtalned at pH 8 5 and 9 0 were not signlflcantly dlfferent from,=;

. )
;" .

m1Xtures with’ pH 8. 5 and 9. O whlle more ac1d1c pH values were'

’ supplxed bv G 5 W phosphate buffers (90) Sinceﬁthe'elkaliueﬂboratef.”'

obtalned at pH 6 O 7 0 and 7.1f“r_:
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Y
. buf fer was‘nsed extensively in the ICl radiojodination procedure, . ' A
to be deseribed, the depressed Yieids of lzsi—blebmycdn obseryed at

the more alkaline pli values was not attributed to the buffer. In-- '

. : . v
stead the depressed 'yields were assigned to the conversion of iodide

to iodate which is known to occur rapidly at alkaline pH values in

'S v

~ the presenceof an oxidiaing agent (66)(70)(71)(86).

: : ) )
3. The Effect of Temperature on’ Reactlon Ylelds of 1 5I -B] eomyc1n A2

l The ratlonale for carrv1ng out 1odinat10n reactlo s at low

tenperatures is based largelv on - theoretlcal con31derat10ns Low

&

temperatures mav slow the rate of 1odate formation (71) Low

' temperatures may also protect the 1ntegr1tv of the compound by -

slow1ng the rate of OYldathD of any lablle groups whlch mlght be
‘ present in the'molecule,; e L -
The effect of temperature on’ reaction v1eld is shown in

‘Table 7 Page 99 There was 1o 51gn1f1cant dlfference between

=‘y1elds of ; SI bleomvcin A2 obtalned at 20 C and at 4 C.. When the

: reactlon mlxtures were chromatographed on- 5111ca gel tlc plates,

7us1ng 10% \Héooccu3 CH3OH(1 1) as solvent, and v1ewed under uv-

- llght Rf values of 0 35 were thalned : The plates were mirked

»-

'off 1nto 1 cm segments and then each segment was assayed for radio—-

'aCthlt” Signlflcant rad10act1v1ty was detected at Rf 0. 35 and

| 0 75- O 85 correspondlng to the peaks for 125 —bleomycin A2 and

‘!: [

' fN 1251 respeCtlvely . There was no dlfference in: the chromatographlc

evbehav1ors of the 2 reaction m1xtures and therefore 1t was dec1ded
: R t R . EE ,
for convenlence toVcarry'out~all‘teact10ns;at 2040.:5.

"
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B . 2 . .
4. The Lffect of Reectibn Times on the Yields of 125I—Bleomycin A2

-

Hunter and Freenxood (66) in thelr orlglnal chloramlne T

Y

| !
-radlolodlnatlon procedures,® used Jery short reacg;aﬁftimes to -

minimize thevexposure Ekeszgf the protein to the damaglng effects

of the oxldizing agent. VcConahey et al. (86) later showed that

. reduced concentratlons of chloramlne T énd prolonged reactlon tlmes}
Could'be'used to'iodina “a varletV of protelns w1thout sig~ &

nlflcant tv1dence of dar age to the molecule. In this studv 1od1nat10n

- )

. reactions were carrxed out for time 1ntervals from 30 300 seconds

5

as shown in Table 9“. Only trace‘labeling was’observed for the

30 second reaetion»time. Reactron vlelds 1moroved 51gn1flcantly up
: ¢

to 29.67% at ]80 seconds and‘then anpeared to fall sl:ghtly at a ;

ﬂ

reavtion” time.of 300. seconds The reactlon vleld of 98 6% - at 170
'seeonds‘Was'not significantl) dlfferent from that obtalned at’ 180
dseconds endbsubsequentlv all radlolodlnatlon reactionsvuSIHg
7chloramrne~r wote carrled out at.e'reactlon tlme.of 120 secohds.

| These series of exherluents 1dent1f1ed chleramlne—T eon—
centretlon, pH and reactlon tlme as tht‘parameters whreh could 1n—‘l

-fluence ‘the deoree of radlolodlnatlon of bleomyc1n.ﬂ In order to

fsecure the~maX1mum yleld‘of"125 -bleomyc1n AZ’ w1th mlnlmal

‘molecular degradatlon, these parameters Should be optimlzed for the .

_lowest concentratlon of chloramlne -T that 1s con31stent w1th

- \

'satlsfactory levels of ralelodlnatlon. UnSat sfactory y1elds of

iy

2

1experimentsJ“A_f';'fj_'.A.".: D T ol

Sl

TI= bleomVCln A however were obtained throu hout these chloramlne—T_
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Table 9.
- " 125 |
_The Effect of Reaction Times on ~~~I-Bleomycin A,

Reaction Vields

.sultstwould-betredundaqt.;' o

LI t
.. Reaction-Yields (7) .
(Seeghdé) 1 ?XPcrémént»ngber i , ﬁléﬂh(a): AziZig%b)
30 ‘j5.o ’ ‘3;1j' 8.2 . 6.1 | 1.6 ‘ . _5.6f2.1”
60 "16;6‘ 12,8 19.2 7.1 3.4 T 16.4%2.7
120 27.8. 31.6 29.4 25,6 - 209 o 28.672.5
180"5’. 33.8 27.6 . 28.5 'v28.3 | 4.7 L 29.6i2.9,
300 ,25}8 9.2 278 233 5.9 25.0%.7
(a jBlank reactlons, contalned all 1ngred1eets except bleonyeln‘Az{
Wean of 4 reacttoe ylelds I standard dev1at10n :.. - lL

The low ydeldsfwéré’probably the result qf'atcomginatipn‘oﬁt'

 adverse competing reactions which consumed chloramine~T. The reactions
Vel : > Wh ; Ledroram ‘ e reactions,

o

consuming chlofamine=T and.adVersely‘effeeting tadioiodinatieﬁ‘of'

pbleomyein-Az'wouid be.fefmation of Unsteblewnitrogen-iodide bonds -

whlch w0u1d dlSSOClate in the presence of m11d reducinq agents such 'D

A

'as SOdljm metablsulfmte or exces51ve ox1dat10n of lablle gtoups in

vthe bleomvcln molecule “In the 1atter case, the blologlcal be—-*'

125

' Ralelodlnatlon of bleomyc1n complex prOduced ylelds which'  "

/.

';"were not s1gn1f1cantly deferenr from the v1elds obtalned from the,‘ﬁ

: radloﬁodlnatlon of bleomyc1n A2 anq.therefOre,to-xeport_these rejff; ‘

“I- bleomyc1n A2 may be dlft\EZnt from the bleomyc1n A s

104
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B, Radioiodination of Bleomvcin A2 Using the Todine

Q

Honochloride Method

\
&

Since the chloramine-T method ofrradioiodination-of bleomycin

AZ did not produce satisfactory yields, an alternative milder method

of radioiodination was sought vhich would give adequate yields of
125 o . ' |
I-bleomycin Az,
The iodine monochloride method of HeFarlane (65) had proven.
to be both a mild and a_consisteut_method‘of introducingt radio-
active iodfne‘into polypeptides and.proteihs. 'Inaetiue carrier
e L 125
ICl interacts with carrier free I to glve a dlpolar radioactlve
1od1nat1ng spec1ea in whlch the 1od1ne is thought to tarry a P031t1Ve

charge. When the<concentratlon of 1od1ne ;s.Small relative to'the

concentration of iCl; Qirtually all of the radioactive iodihe is

- 7 e

- S L T c
found incorporated into ICl which can then interact with the sub- - = .
'4strate; as previouslv deseribed in the.literature 5urvev;h1 - RIS ':l{

Wolecular 1oddne,-1n aqueous acrdlc media 1;'5 mlld ox;dlzlng
agent (71)(7ﬁ)(76), whose ox1dat10n potent1a1 decreeses as- the pH of
, _the solutlon is ralsed to neutrality ) Therefore wh11e the orldlz—
1nékpower of moleCUlarllodlne is stlllipresent at neutrei'pH it 1s":'~

’A’attenuated and could be reduced even further 1f the cOncentratlon.l'
'of ICl requ1red for eff1c1ent labellng could be kept"low. ifrf’f
BT B D . _,,g‘r’“ .

’ o

R The Effect of ICl Concentratlon on the Yleld of 1?51 Biedmyc1n A2 e
Hung (76), has Shown that the half llfe of ICl&ln aqueous L

Jv_solutlons at pH 7 4 was about 10 mlnutes. Therefore 1t seemed

"*dloglcal to use low concentratlons of ICl dhd .to add small aiiquots s

Lo R . .
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”'v.hifiCAHtly depressed when molar ratios were 0.5 or 10.0: -

every lO'minutes»to maintain the éoncentration of iCl at'levelé
thangould givc.sépisfactbry ioaination‘yields without damage t6‘
tHeAbleéﬁycin molecule. 'Hﬁné (76),.hqq prey}oﬁsly.dbtaihed
virtUaliy 1007 %Eforporatién‘of iodine into low mélééglarjﬁeight
mocel peptidesfusing ICl/peppide.mdlar'ratios of'0.25.wi§b‘moiar-
rétios‘of 0.5 and 1 being réqufred if" the pebtide contained easily

oxidizable groups or if the imidazole ring of the histidvl residue

3

‘.was~partia11y Ylocked ofvhindered}

Reif (69), on the other hand, had found that the iodination-
0f.a'high'molecular'weight protein coﬁtaining many tyrosvl residues
T S o SUEI

required the use of ICl/protein molar ratio of 16 to.obtain.. ~
‘Satisfactory‘inédprdnation'of iodine into grptein; lowever in
other low molecular welght proteins, containing a limited number -of

iodination sites, the yield obtained‘was essentially'a linear

functiph of-the;lCl/brbteiﬁ.mplar.fatio up to 4 after which the

efficiency of -iodine incorporaﬁion into .the protein declined sig-
nificantly, , , |
- . ' : S : ‘ . ‘
In a series of radioiodination- experiments, a wide range
of IC1 -concentrations were used to determine the ICl/hleomycin |
. | ® R N B
v L S S y o125 e s
‘molar ratio that would give maximum yields ofv-‘SI—bleomyc1n Aza
~The reshlts of thesé éxperiments is shown in TablelO

125 e SRR
“I-bleomycin A, wére ohtained.at 1Ccl/ -

. PR
X}

Maximur-vields of

L blgomjéin-mdlarAratiosidf i.Q:;QAELS.klReaQﬁion'Yields-Weré'sigr,

s

s ; RN

[REEE

.-

1106

T
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n.‘. . ’
£
o . 125 .
Reaction Yields of I-Bleomycin A2

as a Function of ICl Concentration

IC1/Bleomycin A, ‘ Reaction Yield ,

::‘ﬂ Molar Ratio 2v' _ aE t=20 minutes. '
55: 0.5 | . sestals
" 1.0 o . 78.4t1e
s o | B1.2%2.4 .
Cas@o o ‘77.610;9: n )
g,1o(?1 T Al;sfz}ai' e

( )ICl/bleomvc1n A, ratios were - adjusted by decreasing the
quantity of bleomycin A in the reaction mixture thereby

keeping the volume of the reaction mixture constant.
»

. The optlmum ICl/bleomyc1n A2 ratlonwas found to be at 1.5 but y1elds
.robtained at thlS ratio were not‘51gn1f1cantly different from yields - -.' L
iiobtained at ICl/bleomyc1n molar ratios of 1.0 and 3, 5 ThlS is |
wfgenerally in agreement with the results of Hung and’ Peif which

hlndlcate that the effic1ency‘of radloiodlnatlon reactions are de—

screased at’ both high and 1ow ICl/peotlde molar ritios.

2. The Effect of pH on. the Yield of l 5I Bleomycin A

2
The effect of pH changes on the yield of S —bleomycin A2

. reactions was’ not attempted experlmentally 51nce theoretical con-ﬂ3

fr*

”siderations and the experlmental results obtained from other studles

'(58)(69)(70)(71)(76) 1nd1cate strongly that the optimal pH for the f

}.radloiodinatloh reactions of peptides and proteins must lie in a-
. . 2o ¢ :



) . ‘L . .
narrow range between pH 6.5 and 7.5. It has been established by

Hung (76), that histidine .was only slowly 1od1nated at pH 4 while
e &

at pH 9-10 the half- life ‘of the iodinating’ speeles was decreased
with a concomitant increase in the rate of‘formation of stable.

iodate.

3. ' The Effect of -Reaction Time and Temperature on Yields of -

. 175

" I- B]eomvc1n A
' o 2 , , T
A series of radioiodinadtion reactions were earrled out at

ZOOC;. At regular intervals elig%ets of the reaction mixture nere
remeved_and assaved, as brevlously descrlbed; on Fastman and éelmen
.chromatograpnic.SVStems; A serieslof identical reections vere
carr1ed out at’ 4° C and alloutd to proceed for 20 mlnuges before.
-the reactlpn was termlnated with sodium thiosulfate. Thezresult
.from this series of reactions is shown in Fable 11 B
There was no slgnifieant difference'found~between'thebteactions
cerrled out at Qob andvthesé.at ZQOCVand therefqre ellfsubsequentA'

SR ) . A0 : S 3 . :

. reactions were carried out at 20 °C for convenience. ' The maximum
yield of .80.4% was obtained with a reaction. time of 20 minutes in a
reaction mixture containing a ICl/bleomycin ratio of 1. The
o L N o S S o
.reaction yields were not increased ‘significantly even after reaction

.

Ve

times~of’120 minutes,. SR

The reactlon mlxtures vere chromatographed on sillca gel
tlc u51ng 104 NHAOOCCH3 :CH, OH(l l) as solvent system and v1ewed

under‘uv;llght; Blepmycln A2 Was v1zualized at-Rf'O 35 and no . .
other spdts-wefe détectéd' The sillca gel plates were divided o

into l e segments and each segment was assayed for rad1oact1v1ty

o
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Table 11- o . .

The Effect of Reaction Time and Temperature -

Ny
’ . - , -125 - Lo
on the Reaction Yields of I-Bleomvcin

ﬁé Using IC1 Method g» Radioiodination

i Reaction Yields of lzsl—Bleomvciﬂhﬁa’(Z)(a)'
Reaetipn (b) e % ‘ ’ 1ICl/Bleo£vcin.ﬂelar Ratios
time Blank 1.0 i - 1.0 . 3.5 10.0 Y
(minutes) 3 Peaetlon 0% 20°¢ X ZOéC - 20%
0 —5.9%.2 o c6.2%s soos s.eters
30 a2stos o L 3s.8tg C 2ot 194t
10 ;4.1fo.4‘_" | 3% 699t 2setid
20 &.4.9150;3' 76.372.1 . s0.4%0’  77.6%0.9 41,.5:2.‘6 N
30 7.3t00 T s0.3fis ‘, 75.672.3 39,5t
60 8.2%0.7 o 76.lt’4..l 23.7% I3.2 .4'2'“:"61Ll.4' ’7;'),
0 estos . e1.7%0s Pystag BER W)
120 s.gtos o . 1820 75.41L2._'6, S w8.7ts
. : - . : T N
() e | o,

Exprevsed as mean of 3 reactlons - standard deviation,
RalelOdlnatlon vields. veye - determlned from- Gelman chromatographlc
systems uslng 95% ethanol ‘as selvent. Yields were calculated as’
the activity detected at origin expressed as a percent of total
- activity detected on entire ‘chromatogram. The vields were con- .
© firmed u31ng Eastman. chromatographlc system : T ' ‘
- (b)

Blank reactlon contalns all 1ngred1ents except bleomyc1n .
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«

as previously described. Radieactivity was detected at Rf 0.35
and 0.75—0.85‘cotresponding to 125I—bleomycin,_,A2 aed‘free Nalzsl
éespﬂéﬁively. 'Therefore, no changes in the chromatogréphie>be—
havior of the compohnds were obeerved and extensive molecular
degtadatidn probably did.not eccur under the reaction conditions
employed in these studies. However, about 207 of the iodine
initially present.remaiﬁed unreacted after 120 minutes which may
indicate that thegiodinatidg_species_was eira cvonsumed by
Anitrogen—ioqide/bondﬂfdfmation or by reducing greups present in
the bieqmycihjmolecﬁle. If the iatter wae ttue then the Bleomycin
.AZ molecule Qas(prbbably hndergoing subtie chemical‘modificetion‘

which would not be detected chromatographically.
EE . d A T

4 ’ 9
Iv. Quéiity‘Contrdl of 125I—Bleomycin\A2

The radioéhemicalﬂpurity of a redioactive meterial may be

”

" defined as the proportlon of the total radioactivity that is in the

%
2

:stated chemical form (95) R

Radiochemieal impurities; in Solutioﬁe of redioeetively
labeled cdmpounds, can»afiSetwhen'the labeling:radioﬁueiide*exiets
in a free or unattached state or when radioactlve species erise |
. from the ox1dat1ve or hvdrolytlc cleavage of thelradioactive cem-

: pOund. Organic radioaetivelv labeied'cﬁi.fg!&s can eedergo de-
. comp051t10n bv any ef the)methanisms knowngte effeet non- radioactive
substances but_le additiOn they;eanhundergo signifieeet.def ) .

" composition under the influenCe‘ofetheir own tadiatien,.

T
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. 1',‘
Thereforc, the radiochemical purity of a radihaetiwe com-
pound is aﬁhanifcstation of its general chemical stability. This
is.ihportant.whcn.biologiqal studies are undertaken since.the
prcsehcehof radiochcmical impurities can often hinder the ob-
servation of the in vivo effects of the radiolabeled'compoﬁhd
under investigation,

. . D .
A.  Radiochemical Puritv of 1~51—Blcomvcin4A

2

1. The,Prese;?c of Free Nalgéli
Lastman ‘chromatogram #6061 st&ys and Gelman ITLC shéets

Co : L , ' .
wvere found to give comparable, revroducible and quantitative

. 3 ' 1 )
‘resolutlon of the ﬂ'ZSI-b-leomycin A, and the Na 251 components in

2

a reaction mixture when 95§ ethanol was used as solvent system.

Theérefore both chromatographic systems could be used to assess the.

'radiochemica] purity of 125I-bleomycin'Az,solutions.

‘Several methods were uSed to geduce free Nalzsi in

125

only‘l method' employing Dowex- 1x4 anion exchange re51n proved
to be satisfactorv. Two methods, a solvent extraction technlque

and sephadex CflO, gave unacceptable results however both warrant

further 1nvest1gat10n whlle a. fourth approach uSing a cation ex-
. . Sk

change resin, was totallv unacceptable

2
a. PurificatiOn'of 12 5I Bleomvc1n A2 Solutlons Us1ng Dowex lx4

Y

'I .
Anion Exchange Resxn L F

4
/
‘

NThin, 2 mn to 0.5 cm layers of,hydrated, Dowex 1x4 anion
. exchange resin -were placed between frlttered glass dlscs fltted

into 25 cm glass syrlnges. The excess water from the re51n bed

I-bleomycin AZ_SOlutions to an«acceptable-SZ leVel._‘Of theSe,‘

1171°
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' . 125.
was ‘forced out by depressing the shringe plunger then the I-

bleomycin A2 reaction mixture was allgwed to percolate into the gel

bed. The flow was controlled by a clamp and a small section of

polycthylene'tubing'attached to therorfice of'the_syginge barrel.
Flow rate was kept as low as practicable, usually at 0.1 ml/minute.

_When dodination reactions containiné tracé (ZJLAO uCi).quantities_ n

12 . e .
of 5IAwere purified, small layers of Dowex 1x4 resin, 2-4 mm.

-

thick, could be used to reduce free 1od1de levels 1n the eluate to

2—3%.. lhe fcl bed  was hashed w1th 0.1 ml of water after the reactlon'

mixture. had passed through, to remove any 125I—bleomycin Az’solution

trapped in the gel matrix A Powvex bed size of 0.5 cm was found to

- 125
. be neéded when °1- bleowyc1n A reaction mixtures contalnlng 2-3

mCi of NaIQSI were belng prlFled r‘eneral v, 'the results obtalned
deoended on the flow rage of thc reaction mlxture through the gel ;A

lbedt For the thick gcl beds, the reactlon mlxture could be

L4

percolated 1nto the matrlx aud allowed to equ1librate 10~ 15 mlnutes
before belng eluted \ However, a O 5 cm,gel bed usually retalned
lOvlS/ of the volume of the reactlon m1xture and therefore it was' -

more satlsfactorv'to pass the reaction mlxture 2 or 3 tlmes through B

’

. ’7
a thin gcl bed. In all cases, the free Nal 5I actlvity was reduced

to less than 5% of the total radloact1v1tv in the 125 -bleomycith2

¢

v"solutlon. ‘This’ method of remov1ng unrefcted lzsllwas'used.for.sub— ;'

sequent preparatlon of 1251 bleomyc1n A2 a“d 125';ble°myCiﬁ'C0mplexi'

for animal‘distribution‘studles.
CA series of reactlon mlxtures produced by the 1od1ne
. ' O . '\ . .
monochlorlde method were purlfied on Dowex lx& layers, as. previously e



described, and the results are shown #n figure 7 and 8 and Tables 12 and

CPM -
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“b. Chlorofotm Extraction:of 1251 Bleom&cln A2 Reactlon Mixture

A chloroform extractlon procadure was tried in an effort to
remove free Walzsl from the-lZSI bleomyc1n A2 teactlon mlxtute.:'A
1. 4 ml reaction mlhture, 1n1t1allv COntalnlng trace (20 UCl)

quantities ‘of Nalzsl, vas extraCted with 2 successive 1.5 ml volumes

of chlofoform for 15 minutes'eaoh" The mlkture was stirred con—. .‘.\.
tinuouslv throuehout the’ extractlon.then ‘the chlofoform la)er was
asp;rated, ‘collected and assaved for radioactivity The ehloroform
extraction .Drocedure was not successful 1n reduclng the conCEntratlon
of‘free %251.1n the reactlon.mlxture to, anlacceptable level The "
results of"2 extractlon experlments is shown in. table 14‘.‘.

| While the CIICl3 was found to’ be unsatisfactory, as an ex-
.tractlng solVQnt, it is felt that thls approach narrants fufther 1n-:

vestlgatlon because it could ultlmately prov1de a means. of extractlng

the radiochemlcal and some of the chemlcal 1mpur1t1es, from the
reactlon mlxture w1thout loss of reactlon volume. However -in thls
studv Dowex lxa was found to glve adequate results and so- the solvent

?.extractlon procedure was not 1nvestigated furtherx
' 125 " Gl
C PUrlflcatlon of g I Bleomvcin A Reactlon ixtures‘Us1ng-

Amberllte IRC 50 Catlon Exchange Re81n

BleomVCln A2, and presumably 1251 bleomvcin AZ’ are catlons _f

RN

at neutral and ac1d1c pH Therefore a. catlon res1n could be used to’
5 : : . NI : , , S
adsorb l 5I bleomyc1n A2 from a reactlon mixture leaving 1mpur1t1es,
. SRR s :

-

such as’ Nal 5I 1n the-supernatant
e ey

Amberllte IR-lZO 4 strongly acidlc cation re51n was in1tially

l?51—b1eomyc1n A rapldlv

i lnvestlgated. It was found to take up the '
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 from a diluted (1:15) reaction mixturé. When the.Amberlite IR-120

-resin,'COntaining the adsorbed_lzsl—bleomycin A2, was separated
from the supernatant,‘66% of the total radioactivity was found to

be’retain@d on'the resin.. The Supernatant was assayed on Eastman

silica gel. #6061 strips, as prev1ously descrlbed, and 84/ of the

: total radioact1v1ty in this fraction was found at Pf 0. 80 -0.90, the. &

 free 1251 peak, 1nd1cating that the cation resin could be used to

" 125

-

separate tne 1251 bleomycin A2 from . the tlat*ached NalZSI.v However,*

ifbleomycin.Az-could not be_eluted‘from the resin._~

Amberlite iRC‘SO;'a»weakly’acidicication'exchange resin

was. investigated as an'alternative ~ih 1251 bleomycin A2 reaction

) n\kture was: diluted to 15 Wl with water and then extracted with

2 grams of Amberlite IRC 50 for 1 hour When the’ IRC 50 reSLn, .

contalning_the adsorbed l25I bleomyc1n A2, was separated from

-.the supernatant 62/ of the total radloactlvity in the reactlon

mixture was associated with the resln : The supernatant was asSayed

t

on Eastman silica gel chromatograms, as - previously described and s

L 517 of the radioactiv1ty present in the supernatant was found to

be - unattached 1251;"?_" |
st 125 g o
Extraction of the : I bleomycin A2 from he cation resin

>7.&iwas difficult and required continuous elution with methanol The

‘radioactivlty was recovered in 35b40 ml of eluate which was then

B

‘7'evaporated to dryness, washed with acetone, dried and then the ;.h~‘hﬁ;-dfr? -

N ,.4

125

1:residue was. taken up in aqueous buffer Less than 34 ftee Na I _n'.fﬂf
"-”was ﬁBund in’ this extracted 125 —bleomycin A2 fraction however }«?'

.,Jthe procedure requ1red 2 3 hours to complete It was therefore-;\v Ce

RN R
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' found to be unsatisfactory and was not investlgated further
d. Purification of l251 Bleomyc1n A2 Reaction Mixtures ﬁ81ng
Sephadex -10 Column Chromatography |
Sephadex G—lQ,column chromatography was discussedg

previously and while good resolution of the 1251—bleomyCin’A2 andz
125 |

‘Na I_peaks wvas obtained,vvariahle, but sometimes significant, ad-

. TN .
sorption of radioactivity,occufred in the col nf
o (minicolumnS) Were used, the 125 I- bleomycin A2 peak Was dlluted_

to'an unaccgntable degree -and also contained 10 157 re31dual
NaleI.. When 15 cm vcolumns and slower flow rates were.used‘the
proce531ng time and adsorption of radioactiv1ty onto the column
1ncreased i d . | | | |

| .A thin 2-4 mm layer of Dowex was, packed under 6’cm of
'sephadex G- lO .and while thlS decreased the amount of free Nalzél .
Hy about 50/ it was imp0581ble to recharge the.Dowex resin after.
..use. In- Spite of. the generally unsatisfactory results obtained

Awith Sephadex G- 10 it is felt that with a: more. sophlsticated

: column system apd a method of blocklng column adsorption, 4

“f:sepﬂadex G- lO could prove to be a’ method for reducing radlochemical,

;fbut ‘not chemical 1mpurit1es, in- 125 —bleomycin A"to an acceptable'

2
f'level .

B. Stability fofflzs-r#]éleonycinf'A‘ S

2 to Temoerature

Following their preparation, solutions of 125 -bleomycin

"hjcomplex and 125 ~bleomycin A2 were assayed chromatographically,

1L As‘:cabii'i'ty‘sf. 251 Bleomycm A

‘@

"’i at daily intervals for 4 days, using Eastman #6061 silica gel

0119
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. A . .
strlps and 957 ethanol as solvent system The radioaCtivity
associated hlth the 125I—b-leomycin A2 peak at the.origin was

expressed.as a percentage of the.total.radioactivity'present on the
| ‘chromatogram. A comparison‘of daily results indicated-that there.
was essentlallv no dlfference rn the extent or rate of loss of
rad1oact1ve iodine from the 1odlnated eomplex and the 1od1nated E -
' bleomyc1n Az, Therefore, it was dec1ded ‘to compare onlv the
fstabilities of 125, ~bleomycin A2 produced bysthe chloramine;T
and iodine monochlorlde methods. |
‘In order to make the results comparable the initial

' radloact1v1tv Ain the ;OSI bleomycln A2 fractlon in the farst‘dav o
'of the study, was assumed to be ]OO/ and subsequent s1m11arly ﬁ
.determlned values for 12?:—bleomyc1n Az,:corrected‘for phy51cal
'decay,.were ehpressed as a. percent of this- initial value |
The amount of.radloact1v1tylretalned at the 12 SI bleomyeln
_A2 peak wheh stored at 4 C and 20 C is shown .on’ table 15 and
Append1x 3. The 1055 of radloactlvity from the bleomyc1n 1s e
-about l/ per day when solutlons are stored at 20° C and aboutv
0. 7/ per day when stored at 4 C. f..j'il‘,;, y y. _f; | d_ . lt‘J.”

- : S ) ' I

Fifty ul allouots of the solutlons being compared were

v chromatographed on 5111ca gel TLC plates us1ng 10/ NHAOOCCH3

. CH, OH(l 1) “as. solvent system, on days ‘1, 5 10 and 30 of the test

:'.perlod The ehromatograms were.- v1suallzed under UV llght and
. B the p051t10n of the bleomyc1n A2 was confirmed at Rf 0 35 ls'

'other spots were observable bn the chromatogram._ The plates
were marked off in l cm segments and then each segment was assayed

S o LT W

\'nfd'
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Table 15
° Jire oo 125 SO
Stability of - ~I-Bleomycin AZ’
Produced by ICl Method at 4 C and 900 (a) )
~Percent Label Remaining(b),'
. o [o RN .' . . . o _
. Day R ' 4°C - 20°C
1 100.0 - 100.0
2 97.2%0.7 . 96.1%.0 -
3 95.8%1.9 95.0%3.1 i
b 94.3%1.7 94.2%2.9
5 - - 93.4h1.0 93.2%2.3
6 92.9%1.2 93.0%2.0
7 92.1%1.9 91.8%5. 5 |
8 91.4%1.10 92.2%3.3 i
9 | 89.8%1.3 90.6%309
, 10 . - 87.9%0.9 o0 7%

< - :

, 20 79.0%9 86.2%3.1
00 69.7%0.4 79.9%5.0
o e e . R
Mgl lost o303 0 20.r . L

i ‘ ’ . : ; +. o ' P o
(day . 1.0%0.0% - 0.7-0.1%
( . : ',. N .
~carr1ed out on Eastman 1“6061 using 95/ ethanol as: solvent
xflues were corrected ‘for background and Dhy51cal decay i”
é.s.sed_as-ihe‘an of 3 value's_--*-' S'tanda_rd Qev1ation. . L
.
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o ' . - 125 RN .
individually for radioactivity. The I-bleomycin A2 radio-

dctivity coincided with the observed bleomycin A2 spot. No other

. L]

arcas of radioactivity were observed exceﬁt,for'the 1ZSI,peak'
vhich was detected at Rf 0.80-0.90.
e . . 125
Therefore, it appeared that_ I bleomyc1n A2 dehalogenated
without underg01np any molecular fragmentatﬁon that could be de= -’
tected by chromatographlc means. Dehalogenation was probably
related to hvdrolv51s Uthh vould occur ;n aqueous systems.
1olecular iragmentatlon of the 1od1nated compound, by radlatlon
effects, w0uld not be expected because of the low radloconcentra-
. 1 s .
tion of the I- bleomycln A2

In “another series of experlments assaved solutions of

. 125

for 60 mlnutes " The solutlons uere cooled made up to volume
where necessary and then agaln assessed on - the 2 chromatographlc

| systems (5111ca gel tle and 10% NHAOOCCH3 :CH OH(l 1) and Eastman

_55111ca gel Strlps f606l and 95/ ethanol) The percentage of the

125
I bleomycln A2 lndlcated by the rad10act1v1ty remalnlng at the

orlgln after heat treatment vas compared

The results obtalned are shown 1n Table 36 About 86/ of
. | .

the 1n1t1al rad1 ct1v1ty was recovered at the origin fOllOWlng

1ncubatlon for 1 hour at lOO 6 There was also a concomltant 1n-' -

crease in radloact1V1ty detected at the 1od1de neak however this
1ncrease was not as larqe as the decrease in - the radloact1v1ty :t‘

that occdrred at the orlgln.‘

I- bleomvcln A2 vere subJected to b01ling water bath temperatures '

122
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. assayed for radioactiv1ty as; previously described Areas of :

L
-Table 16
. T 125 . : '
_ Stabilitv of [-Bleomycin A, Produced by the
Chloramine-T and the ICl Methods,
. ) ‘ ‘ o o .
‘ . to 100 C for 1 Hour
Icl ‘Chloramine-T
Experiment B 1 C2 3 4 5 6
Initial rcent _ »
1110 vein ‘A, 100.0 100.0 100.0  106.0 100.0. 100.0-
" Percent 1251—bleom_vcin
A, remaining after _ ‘ : ‘
treatment ¥ 92 86 .8 85 ‘87 g
- N
. » ,Hf}.
Percent activity o _ . N
lost from origin’ ‘ 8 14 12 - 15 13 13
: ) e ) B ) o +
Average - - , 11 : 37 ny 14 - 1%

-y The 5111ca gel tlc plates in this experiment were also

v15uallzed under uv light and surveved for ev1dence of- molecular

, degradation. In all instances a spot at Rf‘0.35 indicated the

presence of unlabeled bleomycin Az{ No other spots'were opserbed
on tHe chromatogram.' The. plates were d1v1ded 1nto segments and

> .

o :

v“radioactiv1tv were found at Rf 0 35, corresponding to % IggledmyCini

125

IA2 and at Rf 0 80 9. 90, corresponding to Na _I, Some 31gn1f1cant -
' ' 125“;."_,ef

,rad10act1v1tv was - detected between 1-?'SI bleomyc1n AZ and

‘Jfractions,. This radloact1v1tv could represent heavv talling

n"

L IS

123



P o L
S ' . e

. . . . ¢ )

- from the 12?1 peak or possibly some degradation of the 1251-

‘bleomycin A2. The radioactivity in these segments howeuer was
only 3-5 times‘background levels.

These stablllty experlments 1nd1cate only that the

125

‘ "%

. N,
under wh1ch it was tested. _However,:thermodynamic stabllity does °

not necessarily'imply in vivo stability, as has been shown for . -

'lllln—bleomycin (ll),.whlch is stable to heat'but'is unstable
“in vivo.

125

2. Stability of - I—Bleomycin:Az'in the Presence of~Cu+2 In Vitro

The in vitro’ stabllity of a‘{abeled compound under
rigidly controlled laboratory conditzons, ‘does not always allow
inferences to be made about its in vivo stability

Electron acceptors which can form thermodynamically more

stable complexes with a llgand will diSplace or exclude thermo—

dynamicallynless favorable electron acceptors. The in vivbgen-g

P

-vironment contains manyjsuch-electron acceptors which couldhdis—

'il,".-:' .

_rupt'a_labeled compound. Therefore, in addition tovtestiné'the""

strength of the chemlcal assoc1at10n by heat, ‘the bond should

also be challenged by substances which may be presentyin the
£

'blood and which may have more afflnity than the incorpbrated.

radionuclide for ‘the b1nding 51tes on the ligand For example,i_
. lll

In*bleomyc1n is- stable to heat (ll) but, the chemical bond is

broken withln 1 hour inxthe presence of Cu-Zt[ In vivo,
n \. .
lll '

i
a signiflcant portion of the lllIn belng bound to the transferrin

\\\,/
woor

I-bleomycin A wvas thermodynamlcally stable for the conditlons

In-bleomvc1n molecule was found to be partially disrupted with '

124
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v

. ' o oo o . a
in the blood (10)(11). - Co—57fb1eomycin, however, "was found'to-be

stable at elevated temperatures-and in the presence of Cu (20)

Cu+2 ions, form stable chelates with’ bleomycin (1). There—

fore.cations -like lllIn+3, which form thermodynamically less N

:favorable complexes will be - diSplaced from their binding sites’ on

bleomy01n The affinity of 57 for binding sites on bleomycin

+2 .
is about the same or stronger than- that of Cu ™ ions and hence = -

7Co complexes w1ll be stable

N

Iodine is the most . electropositive member of the halogen
family. It is theoretically capable of forming Weak chelate bonds
with some ligands (35)(38)(42)(74) ufz -should therefore readily
displace 1o§ige\from its. binding sites on: bleomycin if ‘theas-

.sociation was only due to . a weak chelation effect. However, the

{
i

' +
_presence of Cu 2. would be expected to have no effect on the

_stability of a covalent iodine-bleomycln association because of

_ the basic differencg in the two bond types At neutral pH Cu +2

would have strong affinity for such ready electron donors as the
' .nitrogens on imidazole and pyrimidine or the sulfur and nitrogen

~

atoms on' the - thiazole rings Iodine, in contrast would show only
' weak affinity for the;e sites(AO)(Al) in the bleomycin molecule‘l
".preferring 1nstead a site 5uch as the C 2 position on the 1midazole
- .ring of ‘the B-hydroxyhistidine mOiety,bas has beenzsuggested (58)
| To test this hypothesis, a solution of 12? -bleomycin A2 .v
' was chromatOgraphed on Silica gel tlc plates and assayed for o

radiochemical purity on Eastman silica gel #6061 strips ‘Thenian

equa} volume of CuCl2 solution (10 ug/ul of Cu ) was added to



-

“

the 125 -bleomycin AZ solution and incubation was allowed to

proceed for 30 minutes. The solution wés again chromatographed
on silica gel tlc and assayed for radiochemical purity on Eastman
#6061 strips.

When'the silica gel tlc plates were visualized using uv
light, the bleomycin A2 fraction was detected at Rf 0 35 with no

. A .
other spots being observed. The silica gel plates were then marked

3

off into 1 cm segments and assaved for radioactivity as previously

described Radioactivity was detected at’ Rf 0. 35, indicating only

"~ the presence of / 125 —bleomycin A2 The region betWeen Rf

‘O 40 0. 70 contained some 81gnificant radioactivity, about 8 lO times
background level in each segment Radioactivity was not detected
~at Rf O 70 0. 90 indicating that free Nalzsl was not present in:
‘»ithe solution | | A |

Aliquots of the reaction mixture were’ chromatographed on

- Eastman #6061 s1lica gel using 95% ethanol as solvent.v The

chromatogram was divided into 1l cm segments and each segment was

..assayed indiv1dually for radioactivity The quantity of radio— -

2

'activity detected at the orlgin indicated that 125 -bleomycin A<

+2-

. was: stable in the presence of Cu ", - Only background radioactivity

'was detected in the region Rf O 75 0 90”indicating that free
125

I was not present in the solution., Significant radioactivity,‘

5 6 times background was detected in the region Rf 0 30~0 40
The radioactivity detected at-an Rf 0 30-0 40 was con— 1;'
’ -sidered to be another molecular species in the reaction mixture

:that was less polar than 125I bleomycin A2 This unknown moiety

126



&
was binding freeANalzsl'that Wasspresent in the.solution. The -

nature of this unknown spec1es was not 1nvest1gated further.

+2 '
However, it is known that Cu ° is stabilized by 1m1dazole in the -

presence of 1od1de on the basis of considerations 1nvolving redox

potentials (36). Although various assoc1ations of Cu- ligand—

1od1de are known, a definitive diSCUSSion of these would bc Out51de

the rcalm of thls studv A recent review of this topic is

presented by Sundberp (36)

: - 19 o
C. Chemical Puritv of LSI-Bleomvcin A_ Solutions

~2:
125
The prlncipal chemical 1mnurity present in —bleomyc1n
I

‘ A2 solution may. be. con51dered to be unlabeled bleomyc1n A2 The °

only way in which this chemical 1mpur1ty ‘can be reduced is by

~ decre351ng1é£% quantity of bleomycin A2 and increasing the quantity

of Na 1251 that 1s used 1n the reaction mlxture

In the present studv it was felt that 150 ug of bleomyc1n

‘AZ would be the smallest practlcal quant1t~ that could be used

:'because bleomycln belng very polar, was strongly adsorbed onto

glassware and mllllpore filters (20) and losses in dilute solutlon

v

»ﬂwould be excess1ve on the other hand in order to obtain a l l -

- .
-vmolar ratlo between Nalgsl and bleomycin A (assumlng a lOO/ in—

' corporatiOn of,%ZSI into one 1odinatiOn s1te per molecule) would

. .
- require 225 mC1 of Nalgsl or 1630 mCi of NalB; Ihe calculation

lof these theoretical values is shown in Appendix 4

\
L,

In the actual experimental reaction mixtures, 150 ug of

lbleomyc1n A2 was reacted with 2 5 nCi of NalzsI and 80/ of the _
This gave 8 9xlO 3

1iodine was incorporated 1nto the bleomyCin A2

‘ ’\\v‘: '.‘ ‘
\.

A
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atoms-of lzsl’per molecule of'bleomycin"A2 or a Specific activity
of 13. 3 uti/ug \'The calculations of these results is shown in
Appendix 5. .

| I—bleonycin Aé solutions, for biological studies, were.
” prepared u51ng routinelv accepted aseptic and sterile techniques
The final solutlons were passed through 0. 22 mlcron millipore b
filters into sterlle pyrogen-free v1a15f' The quantity of radio-:‘
V.‘ activity-retalned on filters was estimated to be 40 45 of.the’
vtotal radioactav1ty in the solution;, Thus sterilization by
pmilllpore flltratlon results 1n very significant loss oflradio—h
;activity However,tlzsI~bleomycin being heat stable could
ip0351bly be sterillzed by terminal autoclaV1ng v
' 1-25

D. Nuclear Magnetlc Resonance ( NMR ) Studiés on - I-BleomyciJ A

The bleomycin molecule contains, as one’ of its structural

'bcom onents, a B- hydroxyhistidyl m01ety ; Based on theoretical and

experi ental con51derations (40)(41)(58)(70)(71)(76) the most
-1likely 31te for the covalent incorporation of iodine into bleomycin.~
would be at’ the C 2 posltion on‘the 1m1dazole ring of the B-»
jhydroxyhistidyl re31due At this position, the carbon—iodine bond
lwould be stable to: heat and to treatment w1bh reducing agents' . ,
'~(40)(41) According to Umezawa, et al (22)(23)(24) the C-2 proton i.tfji"
;gvof the 1midazole ring would appear 1n the nmr spectrum as a »L ]

'dOUblet (J 1 5 CPS)( 2 in the region of 8 16 ppm< ? when ';’;j_g_:,;_~~ S

o ':=‘( )J\is a coupling constant that 1is characteristic of the
.distance in“cycles per- second” (cps) between the indiv;dual peaks
- of the d0ub1et 31gnal P : L r :

: _ ' (b)P P M is parts per million and is a meaSure of the"f
14chemical shift of a proton - L o L



»h;jSpectrometer was not good enough to provide clear cut data and it was L

129

deuterated methanol was used as the solvent’ system and tetra-

methylsilane. (tms) as the internal reference standard;

A

In an attemptfto determine if the site of iodination-in

v

'bleomyc1n was at. the C 2 p031tlon of the 1m1dazole rlng, a 0. 001
o -

'bleomv01n A2 worklng standard (Vatlonal Instltutes of Health Tokyb, :

' .dapan) was dissolved in deuterated methanol and subjected ‘to
'Amult?ple scans u51ng a 100 megahertz AlOOD Analytical NMR spectro— : h;.
meter, (Varlan Assoclates) The 1nstrument was not sen51t1ve o

sy . A .

enough to sathfactorllv resolve the doublet 51gnal at 8 16 ppm

although a doublet slgnal was somewhat distlnguishable in this

,reglon. A i'; : ,v. .J..' | ,df '"'ih' E :fhiizp,
o An'identical solution‘of'bieomycinva worklné etandard was-'j

Lodlnated ‘using 1C1 as the source .of . non-radloactlve iodlne and the

uiioddnated‘bleomvcln was extracted as previousiy descrlbed using’

: Amberllte (IRC 50 weakly acidic catidn exchange re31n._txhe‘s~i

' '1od1nated bleomvcin was: exttacted from the resin u31ngrmethanol

‘;-whlch was then evaporated to dryness.i The residue was taken up in ' f,f;?:'

"hethanol and recrvstalllzed as prev1ouslv descélbed The crystals

'Nwere dlssolved in deuterated methanol and subjected to multiple

”nmr scans ‘as. before, Lhe vaguely dlscernible doublet peak at 8 16

ppm in the bleomy01n A2 scans was notso erved in the iodinated

bleomycin A scans 1nd1cat1ng that the proton at C-2 was’ being re—_ L

-2
f'placed by the.lodine atom ' The resolution of the AlOOD Analvtic NMR

'felt that further 1nvest1gat10n of the nmr spectrum of iodlnated bleomycin ;"’}

‘\.’
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was warranted using the more'sensitive AZOO series.
E."Radiochemicalhﬁurityvof llamlneBleomycin A, v .' - .L

2.
114m
The radiochemical purity of In-bleomycin as prepared

for anlmal distribution studies was assessed on silica gel tlc
'plates and Eastman #6061 silica gel strips using 10% NH400CCH3

- CH OH(l 1) ‘as- the solvent systems When_silica_gel tic.plates X
If.werevisualized under uv,lfght bleomycin.Aé»was detected“at |

i'Rf 0. 35' The presence of other compounds were not detected .The,‘
'.sillca gel plate was d1v1ded dnto 1 cm segments and individually'

assessed for radioactiv1ty in an appropriately calibrated gamma

.'_5counter (Beckman Biogamma, Beckman Instruments Inc., Fullerton,

: Calif ). Radioactivity was detected at the origin, 1ndicating '
114m

'presence of In (OH) and at Rf 0 35 indicating the presence of
.llamln-bleomvcin A ' No other areas of radioactivity were detected
When the 114 Invbleomycin A reaction mixture was assayed

. ) _ 2
on Eastman 51lica gel #6061 strips using 10/ NH OOCCH CH OH(l l)

as solvent system areas of radioact1v1ty were detected at the :'g_-\? }f\f

L

'_,origin and 1n a- band between Rf O 50 0 60., The amount of radio—~
'°ig"act1vity detected at the origin was 6 84 of the total radioactivity

'n_on the chromatOgram whereas 92 SZ of the radioactivity was i"

.‘hf.associated with the region at Rf O 50-0 60 ' No other areas of

"radioactivity were detected 5 114m1n-bleomycin 32 was thereevgiff'3*,tl'_*

"fﬂfore 92 SA radiochemically pure and was used, as d%scribed without

'?f;'further purification-

' f}#§‘-ti:}Nas;_i_/%f;\(fif;:.
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V. Tissue Distribution Studies

“A. Preliminary Tifsue Distribution in Mice
. “ .

'A'pteliMihary_tissueidistrtbutioh ftudy Of,lzsl—bieomyctu
complex soiutiohvwas‘earried4out’USing‘étoups.of 3 tumor-bearihg-; - / B
mice at‘intetvalsjof I;S;VitOlahdié,d-hOUts‘after intfauehous~ih;i}
jeetion.._A.wide selection Of tissues wete'exeised, blottedsfreefof‘v
biood and‘assayed 1n glass couhtlné v1als, in a gahma c0unter
(huclcar Chlcagoj}l°s Searle Analytlc, The orellhlnary results
vele tabulated 1h cpm/mg of tissue ‘and are shown in nppendlx 6

- The rcsubts Jndlcated that 81gn1ficant'radloact1v1tv was present .
1n the lungs llver, testes, kidneys, spleen, muscie, tumor;diu
:blood skln and eut whlle lesser amouhts were'detected in. the bratn
and bone The rad10act1v1ty in. thevbladder and heart uere'largely
:atttlbuted to rtdloact1v1ty 1n the‘urine and blood respectlvely hfttf. ,
iwas felt from this prellmlnary studv‘that iung,‘llver,_kldney, spleeh,.ﬂggg'
testes, ‘blood, tumor and uuscieArepresented the organﬁiof interest o
;ewlth reéard to uptake ofAradlolodlnated bleomyc1n.l fhe careass‘wasf”; o
hd1v1ded 1nto trunk, tall and head and‘each portion was assayed.forff':}?}f*
-; radloact1v1ty in- a smail anlmal whole body c0unter cons1sting of é'b
.Tfshlelded\3"x3" VaI(Tl) crystals ‘.The resuits thatned ate showu 1h&;;.1't
leppendlx 6. There was no unusual accumulatlon of radioactiv1ty ;ndmf‘,’
‘lthe head whlchbuould occut 1fbthe 1od1ne—bleomye1n.was.unstable
;in v1vo w%th resultant uptake of free radloxodlde by the thyroid
2gland Analvsxs of the tall for reSLdual radloactivxty was done toiﬁ;f;’:-

hensure that 51gn1f1cant amounts of anECtEd material was not retained

- at the 1n3ect10n 81te
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B. Tlssue 5!!kributlon of 21SI—B1eomvcin Complexvln'xormal Mice

TlSSuB dlstrlbutlon studles vére done using 20 25 gram adult

'haie Sw1$s mlcg at varroos‘tlme_1ntervals.after_the 1htrauenous ad—r
mihiStratton of'27luCi'of 1-2'5I-’--b’leomycj..n"co:mip‘l‘e)(. ?Thehl251~hieomyctnoh‘
céhplgi'was oroduced by the IC1 methodbahd eohtained{ZZiuCi_in~Otl hl.;J
of so]utron atla specific'activit§‘of‘1333 mCi/hg. Croaha of 6 mice :
were‘saprificed;.by teryica}»oielocatioh,‘at i,;2,.3; 4,.6,'l2.ahd.
24-hour~time‘intervalsk.:Blood“was‘imhedratelvhremohed{from thefheart"~;ft._
ano placed 1h a glass>couht1ng'v1al fhe oealgnated tissues ano
'orgahs were removed blotteo free of blooa .welghed and plated in
giaes countiné vrals.‘ The>radloact1v1ty in each sample was de—'7~:
'termthed on an-approprrately callbrated gamma c0unterv(Vuolear{:;
Chlcago 1125 Searle Analvtlc) ’The resqlta area;thn in @abléilj;o}
vand Flg‘ 9 s : ‘
.Blooa kldney ahd.testes showeo stgniflcant uptake of radlo;'h )

actxvxty at one hour after i. v. admlﬂlstratlon of —bleomyc1n,t

[N

.hcomﬁlex Rad1oact1vity was rapldlv cleared from all tlssues ex—";
.cept the kldney Mhlch had hlgh levels that per31sted throughout :f
the Pemd of the study. ooy
v C' Tlssua. DlstrIbuthﬂ- Of- - I_-—Bleomvcln A in Normal 'blice

The tlSSue dlstrlbution study Just described was repeated

;except that 23 uCl of 125 -bleomyc1n A2 instead of the lZSI bleomyc1n ‘f;”,f.

'5’complex was admlnlstered to normal m1ce The bleomvc1n A

'?was-tfflfV
n»flsolated from the conmerc1ally avallable bleomy01n complex and
'Fpurlfled uslng IRC~50 re31n as prev10usly descrlbed

' f;{Az was then 1od1nated by the ICl method to a. speciflc actlvity of

e N - L . : - e



133

. 1070;T0°0

.coaumﬂ>mv vumﬁcmum.ﬂ wamaﬂcm 9 wo cmwz

»

=

00°0320°0 ,ﬂo,owoo.o

- T0°0z0°0

©owotogtvo  $0°0305°0
100°0520°0 . HowomNo.Om
T0°0520°0 ,,.,m 1070110
;ﬁowowmo.o_.. . 107037070

.oomommowd . T070zs070

S A

- <

Qun NNV i&ﬁoo cﬂobuowﬂo.l wwﬁ

voxums HUH mau zA vmusvoum mma xmﬁnﬁoo cﬁuhaowﬁnl =

.coaumﬁ>mv vumv:mum - mﬂmeﬂcm e mo amwz .m:mmﬁu wo amuw umm mmov uawuuon mm vmmmmumxm

+

S . o m;.m, r g _;m‘ ,;, ¥ r,‘w _u., m«__a..m _m‘.M. mo, ’
T 20 o €T ou S 90 o+mm 0 ._._.paﬁno+mwﬂﬁ,x.;;; L myPeone

._Ho o oo 0. 4..ﬂow©MMH:o _;v .,.HnwaMmNJ

(00450 1T srogseo T trioger
- ToToze00. 007036070  .mo 07 oa
qowoﬂquo o m,uoonoﬂﬂwwo H.a. ” .NH o hq

1003900 " 0'0;TID @ poroger

,v00A£ waoLB uo AS H o uo& %uﬁ>ﬂuom vauowﬂaa mo ucouuwm

H o zuﬂz vmuuwﬁcﬁ mma ﬂmsﬁcm numm

€0°0;72°0 v0°032Z°0 T w0togsy:

( 3
A )
mNHApvw
o).

O_ﬁ‘@@..@@&w.mm,m.@WHmWJ&.

JN ..M:@.w_fcm.wu.,ﬁhmnvwx

o . :-, u.a... mnmmﬂmwm

«ou..w_m w_um .vg ﬁm _“uuvwﬂ.

o swr

nsSTL

UOTATIISTUTUDY 1933V (SIMOR) PWEL T

,

xm mEo c o%Eom w oco umuum QT
AUVAQVAwV Tduod ug Td- HmNH 30 uo¥ w T m<”

msocm>mpucH wSu uwuu< QUﬁZ TeUIoN CH m&mumb wzmmﬂﬁu

.

»H.mﬁnna,



134

S 31250W

o ‘vmuswﬁm

ZO:<~_.~m_Z_§D< mDOZm><~:Z_ mw.E< m<<:

o 9 A At

AINQI-B—— -
N3IIS v——w

$31531 o—0 SRR
N —o B

L ,.‘,,A @ _. . ﬁm%

~ I2IW WWION NI X31dWOD NIDAWOZ18 - I 5z, 40 3¥V1dN 3NSSIL

{0 %0 %) NSSIL 40 WY ¥3d 3500 iNmad e



135

13.1 mCi/mg. ' After the ‘intravenous administration of 25 uCi of

l251 bleomyc1n AZ in 0.1 gl of solution, groups of 6 mice wereA

. excised R for radioactivity. The results are shown. in
e . 10.

fdney and testes showed significant uptake of

Fat one hour after i.v. administration of bleomycin

e Distribution of r?I;BleomyCLn Complex in Tumor-Bearing..

.>,81x»m1ce were sacrlflced at each of»the designated

' time-intsx fter the 1nbravenous admlnlstratlon of 20 uCi of

125

.‘in complex whlch was produced by the ICl method to a-

,\]_,

speelflc act1v1ty of 14 0 mCl/mg The t1$Sues were excised and

assayed for radloact1v1ty The results of thlS tissue distrlbutlon PR

: study are shown 1n Table l9and Vlgures 11 and 12 ‘ High uptake of .”wﬁ'r

radloactlvlty was observed for tumor, which at 6 hours gave '39 j' ‘:/fff '

.-‘

max1mum ‘tumor?: muscle and tumor blood ratlos of 16 1 and 8 l re— '.”"”
:‘ispectlvely as. summarlzed in.; Table 20 However, the ab501ute con~ o

centratlons of radloactivity in the tlssues at after 6 hours was found

to be relatlvelv 1ow Initlally, high levels of radloactive uptake’i
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"PERCENT DOSE PER GRAM OF TISSUE (% dose G’

o
XY
1

UPTAKE IN'MUSCLE, TUMOR, TESTES AND BLOOD OF . -
'251 - BLEOMYCIN' COMPLEX IN TUMOR -BEARING MICE
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" Table 20
Tuﬁor:nusele and.Tumot:Blood Retios(a)(b)(c)ﬁ.
Shpaiimg oo 125
Obtained for ~, I-Bleomycin Complex
— - ' —
~in Tumor-Bearing Mice
o : Time (Hours) After Administratlon' S
Ratio - T g gy . T4 16
Tuhor:Muscle - 2.5 © . 53 8.0 .- 100 160
Tumor:Blood  "0.43  © .66 - 3.7 . 5.0 . 8.0

.\\:' .

1
v

.(a)

Comparlson of percent injected dose per gram of tumor tlssue to the'
~percent of 1njected dose per gram of muscie or O. 1 ml of whole blood."

»

S Sy o v
.‘(b)Expressed as a . mean. —.standard dev1ation,qf~6 mige.at each‘timee,
-~ interval, : : 3 ATEEE
(e )Radloact1v1ty in tlssues at 12 and 24 hours after,iﬂjectlon was R
extremely low R o R //} '
) h ' AV ![
/ Ly 3

o e : .
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\were observed in the lung, kidney, tumor, testes and blood with '
levels falling rapidly 2. hours after injection in all tissues ex—

cept tumor and kidnev : The data from these experiments is. com—
. N A .

\\.

‘parable with a study using the, same mouse: tumor model and 57 -A->, -
bleomycin which showed a 51m11ar pattern of radioactive uptakevand i
.clearance (9) 57Co-bleomycin radioactivity was. rapidly cleared L
ffrom all tissues except tumor with: manimum tumOr muscle ratio of

2421 being reported at 24 hours after administration (9) This

‘ study‘also used 57Co—bleo ycin solutions labeled to different

‘ specific activities. The low Specific activ1ty preparation had a.

\k S
.

tumor muscle ratio of only 12 1 compared to’ 24 l reported for the

.

higher speciflc actiVity-preparation-(9).

In contrast, tissue distribution studies using 11?ih+~

l\'bleomyC1n in mice beaning a variety of tumors indicated that

. 0

._max1mum tumor muscle and tumor blood ratios of abbut 6 1 and 9 l

- Fspectively occurred at 48 hours after injectlon (2l) Levels

of lllIn bleomycin radioact1v1ty remained relatively high in all

tissues studied w1th accumulation of radiqactivity occurring in ‘ 3_{:.'

' liver and spleen.s"

'.f. ' In a study 1nvolving tumor (sarcoma)—bearing mice (20),
o Tc—bleomycin was found to be cleared rapidly from all tissues except

: _ Cr o
[tumor and kidney . Radioactivity 1n tumor remained at elevated

-":1evels even- after 4 hours, with maximum tumor blood ratiOS of 18 l '“:ﬁ;rih

- being observed at this time The absolute concentrations of radio-3

. €

‘_lactivity however at 24 hours was - found to be very small and an

'tifoptimum tumor blood ratio of ll l was found at 6 hours after
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administratiOn (20).‘ Clearance of radioactivity from the body was.
found to be rapid with only 157 of the dose being recovered after'

k 24 hours (20) L » o

‘ L ' S0 SR
Therefore on. the basis of 31milar studies involving a ‘

variety of mouse—tumor models it would appear that iodinated i"

: _'bleomycin complex gave a superior tumor tissue ratio‘at 6 hours after

'VadministratiOn and a comparable or higher tumor blood ratio than :

either the indium or technetium labeled bleomycins Only 57co-,:,3

f'labeled bleomvc1n had higher tumor muscle and tumor blood ratios

""(9) at all time intervals studied ' However the long half—life of'
'Cobalt—57 would preclude any extensive clinical application of }j-_;:'"
» ;this radiopharmaceutical Thus it is postulated that the use- of _{ L

g for rad101odinat10n of bleomycin may yield a clinically

;useful tumor imaging agent..~'

o,

- E. Tissue Distribution of ZSI Bleomycin A in Tumor*Bearigg Mice

v—- .‘ .. A. . ' - ’....
Tissue distribution studies were dnpe using 6 tumor-bearing

A mice at each time interval after intravenous administration of 26

';1uCi“in 0 1 mlj%f ICl produced 125I-bleomycin A at a Specific

2 o
.;yactivity of 12 9 mCi/mg The solidi:orm of Ehrlich s ascites tumor R

UWas allowed to grow 7 days in the righ% femoral region of 20-25
a2 gram Swiss mice The results are shown in 'rable 21 and ‘Figures l3 |
:;:and 14 Initially, high levels of radioactive uptake were observed .'h
f;jin lung, kidney, tumor, testes and blood with levels falling | -
f.!rapidly 2 hours after injection in all tissues except tumor and

kidney. Clearance of radioactivity in all tissues appeared to

df parallel the clearance of radiqactivitv from the blood Which had
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UPTAKE IN MUSCLE TUMOR, resrss Arw BLOOD OF
125 1- BLEOMYCIN Az IN . TUMOR - BEARING MICE

07— T B i l«}'.}'

" -. . e—egooD. | d22.
O . a——a TESTES. |
N L lo—0 TUMOR
'} a—a MUSCLE
S\ B

o\ N e

I

PERCENT DOSE PER GRAM OF TISSUE (% dose G

Xy
(A% 10 959P %) G008 FIOHM 1w 10 ¥34 3500 INID¥I

 TIME AFTER INTRAVENOUS ADMINISTRATION (hours)
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“a.1.25%. dose per 0.1 ml at 1 hour falling to 0 1% dose per 0. \\
at 3 hours after 1nJect10n - Tumor to-muscle and tumor to—bloo@
'~ratlos of 16:1 and 811 respectlvely were obserVEd at 6 hours after p
d administration as shoun in Table 22. | .

. There was found- to be no Signiflcant difference An - the
tissue dlstrlbution of 125 —bleomvc1n complex and 125I—bleomycm : S .
- A2 in normal mice: uhen the re5ults for the 2 sets of data ware bom~,.‘£®‘.
paged u51ng at- test at the 5/ level of significance and lO degrees
of freedom A 51milar comparisOn of results obtained for tissue |
,distrlbution studies done 1n norm 1 and in tumor-bearingvmice.also
1ndlcates that the two radioiodi1ated substances'were not handled :t¥~
'»nln a 51gn1f1cantlv different manner in vivo i-This was nOt un—lh'
’1hexpected slnce bleomucln complex is composed of 45 70/ bleomyc;n.Az‘

‘fliand Up to 27/ blaomvcin BZ e | e .
| :~' In a recent study involving tumor-bearing rats (47) the‘

: Tdtlssue distribution of A2 and B2 fractlons labeled with cobalt 57
fh“showed hlgher concentratlons in tissues and tumors than other .i,,_
.'slmilarly labeled bleomyc1n fractions;_ It Was‘also repovted that
'ahlthe tisspe distrlbutions of A2 and B2 fractions were highly com-.:hbl;;fnvixi
‘.viparable and they both gave tissue distributions tﬁat were not sig-il:h

"-nlflcantly dlfferent from that obtained using the 57Co-bleomycin

. a'bv. :

:}icomplex (47)
These results would appear to suggest that there is no l?f?f L

"'al justiflcation for using the iodinated A fraction in pre-»

- ference to the iodinated complex especially when the financial costs

- f isolating pure A2 from the bleomycin complex are con51dered i T

o
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' Table 22

(a)(b) (© |

Tumor Muscle and Iumor Blood Ratios

.Obtained for lzsI—Bleomvcin_Az“ -

)

in Tumor-Bearing Mice-

__°_Time (Hours) After Administration

Ratio . T - m .m0 m o Lael

Tumot;LusCle S25 . w7 s 1 16

'.Iqmor5316¢d. 0,43 ° 0.62 . 45 7.3 76

(@)

: ‘b)Expressed as a mean ~ standard deviation of 6 mice at each time
: lnterval S : . _ .
f'( )Radioact1v1ty rn tissues at 12 and 24 hours after injection was

: extremelv lqw.

Comparlson of .percent 1n3ected dose per gram of tumor tissue to the'
percent of . 1n3ected dose per gram of muscie or,, 0 1 ml of whole blood}-

-148
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A comparlson of the tissue distrlbutiOn data for normal and
tumor—bearlng mice 1ndicates thaq the - 1odinated bleomycins are

1
rapidly ci®ared from tissues.and atnﬁyhours after administration, all

_tissues,.with‘the exception of’blood kidney and tumor; contained very

low 1evels.of radioactivity This would suggest that the iodinated
bleomycins are stable in vivo because the radioactivity in the blood
was still considerable,‘relative to! other tissues, at 6 hours”after

administration at. thls timd. The percent of the injected dose per

O.l ml of whole blood was ( OZA which represented 0. 4/ of the total

dose contained in all of the blood~(assuming that a’ 25 gm mouse had

“ a blood volume of 2 ml. .If dehalogenation had occurred in vivo

.much of . the free 1251 would be rapidly trapped by the - thyroid and ,"fi‘.{;

' radioactivity in the blood would be relatively low.,j

The uptake and slow excretion of radioactivity observed

_r.

ffor tumor may, in part be a function of the persistent levels of

-‘radioactiv1ty in, the blood It is known, for example, that

bleomycin binds to DNA in tumors and in other rapidly growing

' cells (27) Since iodine, covalently attached to the B-hydroxyhis— vif\i

o[tidyl, probably would not unduly alter the conformation of the 'f;;ﬂf SRR

f"¥€§

'bleomyc1n molecule, the biological behavior of bleomycin and iodinatedﬁ}:i?f

' fbleomycin should be comparable Therefore, iodinated bleomycin

5:ib1eomycin which would keep the binding sitee on: tumor DNA

iwould tend to accumulate in tumor’as it became attached to the V'“"“

7f'tumor DNA._' The blood with its relatively high level of radio— L

;:UactiJity, would provide ‘a concentration gradient of iodinated 3:f'ffg‘f?‘

o

.~saturated and a slow rate of clearance of radioactivity from the »_bm
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tumor would be observed. In contrast, a tissue like muscle, with a '

" t
s

low rate ofv DNA turnover'would have low'uptake of radioactivity
_ and a rate of clearance which would'directly reflect levels of radio- o
activity in the blood.. |

In all of the tissue distribution experiments performed in
this study, the testes con31stently showed ‘an initial high uptake of
radioactiv1ty which was, subsequently, excreted rapidly 11ke other
f-non—tumor'tissues ' This is a devration from observations- made by
‘others (39(4)(5), that bleomyc1n d1d not reach high levels in the
testes | -

IR

- Two recent studies’ have reported the use. of 131 —bleomycin ‘
’ a d: 1231 bleomycin (57)(58) in which very high specific activity
‘igdinated bleomvcin (greater than 100 mCi/mg) gave tumor;: muscle and . ”J
: tuabr blood ratios of 36 1 and 12 1 at 6, hours after administration. h
'This is in contrast to the values of 16 1 (tumor muscle) and 8 1
V“(tumor blood) obtained in this present study However, the specific
B activity of SI—bleomycin A and 125 —bleomycin complex as reported
.,j in this thesis was relatively low, being in the order of 12 14 mCi/ml
o The anomalous uptake of radioactivity into the testes and
: ;;he differences between the tumor tissue ratios observed for theyfﬂvffifl ?ff’e‘
: {bleomycins iodinated to drfferent 1evels of specific activity could B
~v'.‘t,possibly be explained by the results reported in a study involving
ui:the relationship between the specific activity of a product and its 'Jihfhrshu
'Jtissue distribution (98) This abstract Suggested that with some ‘yffftfﬁffij;f
*12radiopharmaceuticals there may be a relationship between the ad-;hi
“ :ministered maSS and the reSultant target concentrations and there—i

o e

R
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L7
fore the law of mass action w0uld dictate thatxas the binding T

| 51tes of a’tissue were saturated max1mum uptake would occur and
excess would spill oyer 1nto non- target ‘areas. The resulting
taréet to non- target ratios observed would be a functlon of the
spec1f1c'act1v1ty of’ thevradiopharmaceutical (98) The low '
spec1f1c act1v1ty 1od1nated bleomycin would contain a high ratio“
of non- radioactlve to radioactive bleomycin molecules. Sites of ° : v
uptake in tlSSUQS would then tend to be pccupied primarily by non—

| ~ivradioact1ve bleomycin. The absolute uptake of radioactivity -ob=t

served 'in these tissues would be lower than if a high Speclfic '

act1v1ty product were used.. OnCe the bindingvsites on the tissues

[

1nto tissues of secondary uptake su i testes.<

A study, prev10usly discghsed (9) uslng 57Co-bleomyc1n

labeled to different spec1f1c actlvitles has also documented
o this effect on tumor mu5cle and tumor blood ratios._ Perhaps

.additional work would be warranted u91ng the ICl method of . B )
i ‘_“_ . l

1od1nat10n to produce much higher specific actlvity radiotodinated

bleomyc1n than those used in thls study In addition, Iodlne—123

a P N
- W1th its 159 KeV gamma would be a better choice of radionuclide than -

the 1od1ne 125 which was . used throughout this project..‘7" :9‘-

It 1s felt that since the tissue distribution pattern might m;
be effected by the specific activity of the radiopharmaceutical being.,ﬁ v

administeredw 1t woqu not be completely valid to use data obtained

o o .:vl

: from thlS study, using low speciflc activ1ty lzsiebleomycin;_to';hf'jtln
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Pre&@ct the behavior of 123

I-bleomycin in humans. It is envisioned
that the use of high specific activity 123Ifbleomycin would yield

- superior tumor:background ratios than those obtained in this present

study.

F. - Tissue Distributjon of‘llémln—Bleonycin A2

in Tumor-Bearing Mice

In Qrder to further evaluate the affinity of. lZSIébleomycin'

' . B - . EE N ' .
for tumor tissue, a series of tumor-bearing mice were injected with

_llAmIn bleomyc1n A2 The indiun—bleomycin was chosen as a standard

for‘comparison since ;llIn—bleomyc1n is used clinically for tumor

imaging and is commercially avallable VIh llmen was chosen as a

("labellng nucllde simply for the - convenience of its long half life

4
The lll”nIn—bleomycm A

L

9 was prepared after the method of
fGrgne et al. (9). 'zne'radiopﬁarmacehtical, as ﬁrepared‘wae found
to have a radiochemical n&ritytof 93.6% and was ueedAWithont further
purifieatibn. | |

Tissue distribntion studies nere.done nsing:6'tumer~neering -

mice at 1, 6, 12, 24, 48"and 72 hour'intervals after the intrAVenons

. _ o
LET

radmfnistratien.oﬁ 30,3-ubi(a) in 0.1 @l of solution. .The.resultsf‘
. are shown 1anable_23”and Figures lSand'16{5hThe kidney'showed

+

o . .“‘,“_

! ' ‘ :
(a )30 3 uCi of radloact1v1ty was 93. 67 radiochemically pure
and therefore 28.4 uCi of radloactlvity would be associated with o
bleomy01n A2 : L g

] -
“uthy
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- PERCENT DOSE PER GRAM OF TISSUE (% dose Gm!)
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.high levels of radioactivity throughout the périod of the study
while radioactivity in the blood fell rapidly,'relativefto other

tissues The liver and spleen both showed significant accumulation

-

i of radioactivitv at 12 hours after administration . This uptake '
continued -to 1ncrease indicating that free 114 "In was aCCumulating '

- in these tissues presumably from the radiochemical impurities and '
e

A'also from the disruption of the chelate bond (lO)(ll) | The
'maximum tumor muscle and tumor : blood ratios of 5 5: 1.and" lQ 8 1
kespectively, occurred at 48 hours after injection » This is
comparable to reSUlts reported in another study (14) which found .
',ftumor muscle” and tumor: blood ratios of 6 1 and 9 l at 48 hours.

- Radioactivity was found to be rapidly excreted by most tissues

‘hwith the excep;ion of liver and spleen 0\' ‘;'5

1

Therefore the 125 —bleomycin A2 gave higher tumor muscle "A

and tumor: blood ratios ‘than 114mIn—bleomycin A2 at all time in—'i

tervals studied ‘lhel;zs -bleomycin A2 was rapidly cleared from

-

all/tissues and the whole body thus 1mplying that radiation doses

'Ab wouldlbe relatively low.' In contrast, clearance of %}4'In—bleomyc1n h lh<*f
h‘fAz was’ slow with significant.quantities of radiation accumulating. |
in, the spleen and liver, thus implying a higher internally absorbed »;]'_;oi ffff
fradiation dose to selected tissues and .the: whole body from this -

radiopharmaceutical ?

Whole Body Excretion Analys1s‘

T
'=0

In order to evaluate the rate of excretion 5% 1» —bleomycin P
t'AZ from the body, m1ce were administered 11 6 uCi intravenously in

';0 1 ml of solution.[ Radiochemical purity, as determined on Eastman'_';ﬁf":l;v?t:



N ) 5

chromatograms,'was 97% so that the ll 6 uCi of radioactivity contained
Ca

about 0.4 uCi of free Na12§1 whlch WOuld be trapped by the thyroid and

would be expressed as a long term component of the exhﬁetion curve.

»Five m1nhtes after the 1ntravenous administration of:O l mlr

-125_

of I- bleomyCin A,, the. total ‘amount, - of radioactivity in each mouse‘

2
was measurcd in a small animal. whole body’counter for a- period of lO
seconds"yThe count obtaineddvas con51dered as.the standard 1n1tial:-

. ldOZ radioactivity‘of;thatjmouSe; All suhseduent‘countsiweredcorrected_‘4’t
'fof decay and~expressed as a3perCenthof this'initial.value,,-The~miCe

were assayed for radioact1VLty at 1, 6 and l2 hours after injection

and then dailv for a perlod of 10 days lhe\results;obtained are;f.

shown in Table 24. Radioactivity was rapidly.cleared»fromlthedhody‘uf

'l with less than 10/ remaining 3 days after administration 3

The excretion curve, Flgure 17 was v1sually resolved 1nto 2
. . '\\. " ~.' :

components by extrapolatlng the straight portions ‘of the‘curve back
to their respect1Ve axis _ The,;apid component was found to have a‘J
\half life of about O 6 days and represented about 90/ of the initial 'hvV;
'radioact1v1ty whereas the slow exponential excretiOn component had |
| dda half 11fe of abOut 6 2 davs and represented 8 lOA of the initial o
xradioas$;v1ty o
id The rapid clearance of radioactiv1ty from the body séems to 5fy?-“
. S e N o
confirm the 1n‘v1vo stability of the iodine carbon bohd since if
'%ydehalogenation occurred to any: great extent the level of radio—‘»L
:Hactiv1ty retained by the thyr01d would increase and the 1ong—lived
lexcretion component WOuld haVe an 1ncreasing1y important influenCe.

; Fn the nature of the excretion curve
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5I “in Mice Following Intravenous

"Injection of 11.6 uCi of 12 23 -Bleomycin A Soluti°“( ?»"

Body Burden of

2~

‘fTime-After . Pércént A
‘Administration .- . -—of Dose )"
~(Days) . " : "Remaining

by 0 Smin. 100, 0%
o amewr o seati
6 hours - 79, 9-5 2
. 12.hour$fA o 58. 7- 3 I
5 f$1 " *‘{ 2~ '":: ;' :>:18 5-1. 9 v 'A |
3. o . 9. 4 1.4 »ff--J'ﬂ] 
:"' ;N‘ " >;  r;.;f“; ;i;A   6a1—1”8:L”;:  , i 51} . ?;j?.
' g ;;57v5: f.-;:.-:;;}i :-;N‘ {;.8fb{9:‘M S
o .r i-  :5 .;t1:':v»”5‘72=;§9-6 fl.”-fs. ; ;  ,'1f'
‘i,jlf ﬂ“-;lf”t-,"Q{;-,f';i;éio,é,»; T:i;Jf1-;l
E - _-1;;'5’:@.‘2}., O
*( )Detefmined by Qhole bodvlgéuntiné A
(b)

Mean of 3 mlce t‘standard deviation. :;37”'
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' orradioiodinated to high v1elds and Spec1fiP act1v1ties usxng the

yuBristdl Labs.). The overall yield of bleomycin A2 obtalned from

bleomvc1n complex was 354.

[ .
' unsatisfactory because of low radioiodination yields

,ICl mcthod : \o noticeable changes 1n the chromatographic be--

hav1or af tﬁe iodinated bleomycxns were observed indicating that

161

A method was. develoued for isolating and purifying the bleomycin e

:A fraction from the commerc1ally available complex (Blenoxane,

2

.- The chloramine—T method of 1odinating bleOmyc1n was found to be

Bleomyc1n, as the A2 fraction or ‘as the complex, could be rapidly :

‘.jthe structure‘of the molecule was. not adverselv effected by the.ffr

_reaction conditlons

. It ‘was £0und that thin layers of Dowex lx4 anion exchange resin

"jvcould be used to remove any free Nalzsl remaining in the iodination'_

v*reaction mixtures ,'The reSulting iodinated bleomy01n solution

: conSistentlv had a radiochemical purity of greater than 954,.w-7

o A rapid, reliable method of . assaying radioiodination reaction ,';f

: mixtures for y1e1d and for radiochemical purity was develOped

1

.;r}using the Celman ITLC chromatographic medium and 954 ethanol

‘as solvent The results obtained were reproducible and comparable Q

:dmethods

: 'fo‘to those obtained u51ng alternative, more time consuming assay Le

. //_‘_

;:Radioiodinated bleomycxns, in aqueous solution, were found to be

flfstable in vitro to temperatures up to 100 C for l hour and to the _\;5“

";presence of excess Cu+2; The loss of radiolabel from iodinated

:'3bleomvcin solutionskigﬁ about 0. 74 per day at 4 C l% per day at
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i L : ’ ’ i

'2o°c and 12;142 when exposed to 100°C for a period of 1 hour.

I
There were no 51gnif1cant differences ‘in the tissue distribution

125

L]

- of ° -bleomycin complex and 125 -bleomycin A in normal mice or

2

in tumor—bearing mice. Initial uptake of radioactivity by. the tumor

was high and the rate of clearance was found to be slow relative f

- to mu5c1e and other tissues.

g Maximum tumor muscle and tumor blood ratios of about 16 l and 8 1

were observed at 6 hours after administration for both 1251:3.'“'

i

‘bleomycin A and 125 -bleomycin complex

2 . :
The analy51s of the whole body burden of radioactivity after the :

- intravenous administration-into mice of-lzsl bleomycin A2 in-

10.

LI

'-in the thyroid

| In—llamvbleomycin A, was. found for.the fhrlich's ascites tumor
lvmodel in mice, to give marimum tumor muscle.and tumor blood
eratios of 5 5 1 and 10. 8 l respectively, at 48 hours after ad—ini

fvministration.

dicated that the excretion curve dould be resolved into 2 components -
with half times of about 0.6. days and 6 2 days which represented

90/ and 10% of the administered dose, respectively Only 344 of

' the initial dose was detected at 24 hours indicating rapid clear-.

ol

-ance of the radioactivity from the body and no significant activity

25

Radioiodinated bleomycin was found to give a. higher tumor muscle vff
'114 ﬁ

.f‘vtl,iiratio than Inr-bIEmeCin A in the moUSe tumor model Studied e

thn addition the radioiodinated bleomycin reached its maximum

114

Vfﬂtumor muscle ratio :at 6 hours whereas In-bleomycin required

:;‘48 hours to reach 1ts maximum value Radioiodinated bleomycin



- was quicklv cleared from the body while the clearance of

114m1n bleomyc1n tended to be slow.

ot
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Aggendix 3.(coﬁtinuedf

Stabilit} of~1251 Bleomycin AZ’ Produced bzrthe

Chloramlne T Method, at 4° C and ZOOC(a)

;Percént‘Label Redaining(?>

| '4°c' o _20%

100, o 0.0
©99.2%0.6 - 98.1%1.7

98.3%0.8 967t

o9l gsigtie
196.0%0.9.. . 93, 7~1 b
95.8%1.6. 91.0% 3 5

o4stio o gogten M L ok
. 9303-006 . . 89;3"1-2 i . DA
c92.2fos T areti; R
S msts o sgstan ;7 o
20 soseetior o g3t

Total,label losF S . - 13.4 . A ?6;3_'“

D Ny U B ro ke E

.
o
=
Lo

% label lost/day 07 - L3

d( )Assay carried out on Eastman #6061 using 954 ethanol as solvent ﬁg';'wé‘{f f

_»”ﬂ'system. All values corrected for background and physical decay. SR
v(b)Expressed as mean of 3 values t"standard deviation v
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Aggende 4

~Activity of NalZSI Required to lee a Theoretical

' 100/ Labeling of 150 ug of Bleomycin A2

1. Number of molecules of bleomvcin A in 150 ug, assuming a"

moleculaf weight of . 1500

Avogadro s Number X molarity

23, 1, soxlo‘4

1500

6. 023x1023 10*7

s.ozaxio

r X

6.023x10 6_molehﬁ1es,ef bleomycin A,

R R ‘-_ o : - j“._

2. Number of atons of Na I/mCi assuming a half life of Nalzsl

: )
of 58 days and an- effec ive half 1ife of 1 443

= number of disintegrations/mCi/min X minutes/hr.hi

hours/day X half life x effective half life fl T

L

2, 22x109x60x24x58xl W43 - o N SR

2.68x10°" S S T
DR S :' .

uJ

-2,68xlo}4.at¢¢s Af:Nal?5x'pef-mcixf? IR
= 3 s Number of mCi of NalZSI required for a 1 1 molar ratio with

, j R
.]i‘J, 6 023x1016 molecules of bleomycin Az B

- number of bleomycin A2 molecules in 150 ug

number of atOms in a mCi - — .I . | ' ' )
| 2 68x101A : R :

225 nCL: fjg f
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~ Appendix 5

N 5o

Calculation of umber 1251 Atomvanéorporatcd

Per Holeculé.of Bleomycih, Assuming 2-§'pCi.of'Na1251*

in the Reaction ixture and 807 Labeling Efﬁicieﬁcy,

125

(a)' Number atons of I in 2 5 mCi of N 1251

= 2. Sx2 22?109x60x°4<58xl 443 o ey

= 6.69x10 14 atoms of'lzsl

assuming 80Y 1abe11nz eff1c1encv, then 0. 69>\10l x8 DxlO -1
= 5 35xlO14 atoms of 125 1 hould be incorporated 1nto a-
" total of,6.02310 -'molecules of bleomvcin or

8;9x10f3 atoms’ of 125 I/molecule of bleomvc1n AZ

. .pw‘
] N

(b) The spec1fic activ1tv attained under these conditiOns was . .

5

- 2500 uCi x labeline eff1c10ncv : , ' '{"}”;"‘; .;
150 ug ‘bleomycin AZ S : :

.

= 13;3-6Ci/hg'of lzsI*Bleomycin Ag;; _;.“7
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