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~ INTRODUCT ION
. v
Although the ideal tumor 1maging agent has- yet to be discovered
_recent developments in the field of nuclear medicine have’ produced
agents and techniques that are more senSitive and more specific to
delineate neoplasm “The majority of re;earch has been directed
toward the discovery of radiopharmaceuticals that are selectively
taken up by nany types of malignant tissue but not to any appreciable
degree by normal nonneoplastic tissue The most widely used mater{;l/
of this type in tumor diaghostics is ®’Ga galliuym citrate _This aqent
has the aoility to cancentrate in soft tissue tumors _but- has also
been shown .o ‘accumulate in a w1de variety of behign 51tes
“ Hl:h the discovery of the bleomyc1n complex by Umezawa gt;gl 3 in
1966. this polypeptidic antibiotic has come under ciose sc1entific
scrutiny A hlgh degree of selective uptake and anti neoplastic

acthity.initially qualitied_this complex as a promising cnemo-

-therapeutic'agent 3

of the nineteen sub fractions that compose tne complex extensive'

studies indicated that ‘the A, sub- fraction which accounts for 55 tq
70% of ‘the total compgex was more tumor specific and dld not show

}‘ithe kidney damage that s prevalent with the accompanying B fractions
| The complex eXists as a natural copper chelate and this property

. of the molecule raised the pOSSlbility of cheiating not only copper._

’ but other cations as well This characteristic made tﬂe bloOmycin Lo

available to nuclear medical procedures if & suitable thionuclide
o -

. |
could be incorporated into the structure. lnitially,?’Co was chelated

b

»
-

M‘ 'b ..' r , ] . "'.. / . ‘ | . ) "



o fand b1olog1ca71y stable agent, cou1d be deve1oped In the near future,

’ f
]
\
&> T
to the bleormycin cgrnlex, due to its availability.® This product

proved to be stahle ir vivo and exhibited cood imacing qualities hut
_the physical rreperties of the nuclide were undesirable ard alterna- -

tives were soucht.

A 3

Thakur and his associater® cuccessfully che]atod 111y n to b]eorvc1n
co.p]ey and th1s rediopb.armacecttical has FLCC1V8d a qreat dca] of
attention as a clinical di. croottc aopnt for turhr 1maq1ro One of

the dravhat}f m1th AT h]eowyt1n \ﬁ the apparent. in. v1vo instability.

_Dur1nq hwo*oawc:1 mrt boliom the che]ate bonﬁ (upears to be hroken,

\1th thoe suhsoounnt b1n41na of the free nuc]wdo to transferr1n and
. -y
u]twwutc deposition occurrine in the tone. mUrrOﬂ . ‘ ’

3

Very recent ;tud1e§, US)Qq,nhf?TTc coplexina, have reSh]th_in
mueh the same results.’ Hiqh hlood b061 backoround frade imadinq
ld1ff1(u1t pevt1cu1ar]y‘1n the ademlna1 and thoractc reqfon, and
" there is ev1denfe that the S””Tc d1550c1ates from the U1eomyc1n and

’15 a<soc1ated with the a}bum1n b?ood frqctwons.»‘ L
% . ' ) "
It seeined 1odﬁca1 therefore in v1nw of - these fvndtnqs, that'uf

‘W -

a comaf/ntly boaded radrgnuc11de could” be 1ntrodu¢ed into the most B

deswrable of the bleomycwn -sub- fuact1on (1 er Az), a. tumor spec1fic

'thh the prohable ready ava!]abithy of ‘251 whtch has exce]lent
3y

J physaca1 characterwsta%s ?or sctnt1graphic detection the feasib11ity i

: _of rad101od1nat1on of b1eomyc1n Az sub fraction was undertaken

-t., B
#

N method uswng 5111ca oel column chromatography was deveIOped
and resu]ted in the separation and pur1ffcation of the A, suﬁYfrqctfon '

from the conmercial' complex. [xtedsive chromatograohn tec-hmques

. E



3

-

were evolved to raintain the quality control of the unlabeled
bleorycins and which later serwed ¢s-assav methods for radiochenica)

purity of the radiolabeled b1com}cin, Althouach many docurented
nethods for polypeptide iodinitions are available, the eleetrolytic

technioue of frosa ard Fennisi® was chosen. : \ ~

Radigicdineted bleemycin A, sub-fracticn of hich percentage

yield wasscubccauently obtained and a prelitirary animal tissue s
_‘ . . . . . . . ‘. . :
distributien ctudy wes undertaken. The results were encouraging o
“indicating & preferential uptake of the '251-bleomycim . in malignant {

, tissue of tumor model mice. A more compretensive distribution study
was thien undertiken. . A portion pf,tﬁe results of'this project were

reported  at the ;Annual Meetina of the Canacibn'Aséociation of liuclear,

- 3 '

ledicine in iWirmipeq, Manitoba, January 1975,
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I. Bleomycin Lompley
A. History of Elromycin Complex .

’ -

In 1950 faeda and Lrezawa® isolated, fro% a strain of ggggﬁ;ggxggs
_vort1c111u°, a blue copper-contasining gluco-polypeptide which they
named pr1r@rwc1n This conplex exhibited a high anti-bacterial -
activity and subsequent biological stud1es on mouse and #at tymor
; mode1s showed a sclect1ve antj-neoplastic c*’an.! 10 This antl-tumor .
mechénihm wés determined by Talaschi ﬁnd Kornberq!! to be a se1ectfve_
inhibi{ion of D:@ po]yneraéé>ahd a:resuTtant cessatioh of DA
synthesis., It was a]so found, however, 'aftér furthér in—depth

1n\est1~at10n, that the ph1eomyc1n cowp]ex a1so caused a hwqh degree

of wrreverf1b1e nepFroxox1c1ty An’ a]ternate~ant1b1ot1c was{then o
souqht that would have»phe anti-tumok'aétivity of pHTeOmycih’bui be

less toxic.

-

" While inves%ftatinq new strains>of-actinomycetes 3so]atéd,from

' 011 samp]es obtalned Trom a coa] m1ne in Kaho- Gun, Japan, a new com- ' .

plex of- ant1b10t1cs produced by a stra1n of strent vert1c111us was A

‘ 1solated. It could be d1fferent1ated from ph1eomyc1n by 1ts stabr]wty

in acid’ or alkali and also by 1ts Rf va!ues on paper chromatoqraphy .

The comp]ex was nawed bleOmyc1n ; e ’

 ‘ kf The b1eomyc1n comp1ex was a‘baswc water solubIe gluco polypeptide. =
pale blue in co?or and oécurred as 2 natura] cnpbec chelate 1n the |
hydmchwride sa1t form The copper comdhzremoveé by treatment wi th

8- hydroxyqulnolone Bleomyc1n was. fbund to“tontawn 2 mixture bf ‘f7¥- 3 f“

fmct’wns mth a mo}ecu}ar wei




methanol soluble but practically insoluble in acetone, ethanol and

2

ether.?

B. Isolation and Purification of Bleomycin '

After culturing, the broth'coﬁtaining the complex was adjusted
to pH 4.6, filtered and the fi]trate applied to an Amberlite.IRC 50
(H* form) column (5.5 cm diamEter, 1750 ml VO]) After washjng the

column with d1st1l1ed water, it was eluted with - 2N HC1 and the

_b]eomyc1n fract1ons cg11ected pooled and neutra11zed w1th Amber]tte .

“1R-413 (0K~ form).‘ The neutra11zed e]uate was concentrated washed
with acetone and drted in_vaguo. The.resultant powder wq‘llhen_ ‘
extracted with methanol and the methano]- insblubl portion;discarded
The methano] solution, was concentrated dr1ed to powder ahd washed .
with ethanol The ethanol insoluble portiOn was dried and contaxned
the crude b1eomyc1n complex.? 4 ‘
| Alumlna co]umn chromatography was utllized as- the next step 1n |

puriffcation of the crude ex&ract Th1s proces;'was eventual]y

ideleted howevar as the mater1al obtained from tbis procedure had |
a decreaSed.therapeutic 1ndex against ascites §gri%§g carctnoma tn

o mice.- I%s evident that structurﬂ changes we

Ny _ ja.;x
alumina cdiw chromatography 12 o * %

" *A Sephadex G- 25 (200 m1 2 O cm diameter) co'h@ .ﬁ Iuted

with distﬂled water and the fractions coHected fn l ﬂ&liquots |
,and lyophﬂized This .proCedure aISO effecttvely umg the comp!ex

| _" into two general fractions labe1ed A and B. The A fraction e!uted

e e o '-""_‘"". (_ : ,_ . -

e



off the column first. Subsequent paper chromatography. using Toyo
.tilter paper No. 5] and developing in 10% ammonium chlori e by the
ascendlng method, to 30 cm, indicated two fractions as well. The A
fraction had R¢ values of .88-.99, the B 66 .70 on paper.}?

The Sephadex G-25 eluate conta1n1ng ‘the complex was concentrated
' dried to powder and re- d1sSolved in warm methanol. Any 1nsoluble
residue was discarded and to the resultant solut1on ethanol was
added which' resulted ina fine prec1p1tate being. formed Thls
prec1p1tate was then filtered out of the solut1on, 1solated and dr1ed
to powder It conta1ned pure bleomyc1n complex Prlor to SubJect1ng'
" the complex to a more detailed analys1s to determIne the var1ous .
components of the A and B fractlon numerous experiments were run to
‘calculate the compos1t1on of the material.

" The complex was found to conta1n sulfUr; fnd1eat1ng cystlne or
-cystelne or meth1onrne moletles' Bleomyc1n gave positive ?auly
_reactlons, 1nd1cat1ve of 1m1dazole or h1st1d1ne entities, po§1t1ve

_Ehrltch reaction (tryptophane) and positqve Dragendorf (quaternary

ammon1a) All the A fraction gave a negative Sakaguchn reaction
while the B fract1on gave a positive reactioh This_lndi 1tes the}
presence of a guanadino group or: arglnine.._'f' N ., R

" The elemental analytical data (A - c. 48,25, H 6.84%, rg 15. 43%._ .
Tff"i{ca 9.3 323, s 1 45%), (8 o ¢ 4!.06% H6:521, N 15. osz C11z.oag, <
S 267%; conf1rmed the peptide nature of the components. The ultra~ '
ﬂ‘violet absorption spettra 1nd1cated A shoulder at 243-244 nm (mu) and

a maximum bt 289 290 nm, Thls 1ndicages the presence of aromatfc '

R

"structures



T oen,

The basic differences between ph]eomycin and bleomycin were
reso]ved'as well. On paper chromatography developed in 10Y ammonium
ch10r1de all the phleomycin values fall below R¢ .81 and were thus
d1f:2rent from the A fraction (Kf ,88-.99). The B fraction was more

difficult to d1ffereht1ate from phleomycin by paper chromatography

/:
'may be separated by the difference in the optical density of

‘viraviolet absorption at 289 295 nm. The b]eomyc1n complex,’ both

Jk and-B fractions, proved to be much more sta;le/;han ph1eomyr1n in

7 éhka11ne (pH 9) or ac1d (pH 2) solut1ons at 22°c.1?

The fina) step in the pur1f1cat10n and isolation of the vartous

- sub-fract1ons_conta1neﬁ in the A and B fractions was carried out using .

gradient column chromatography.'?. Tne eluate from the Sephadex G-25

" column, after being dried to powder, was dissolved in 0.1M ammon i um

- formate and app]ted to a? x 35.cm CM- Sephadex C 25 column Linear

'grad1ent elution was carried out by 1ncreas1ng the concentration of .
the ammonium formate from 0.1 to 1.0M. The eff]uent optical dens1ty
'was continuously read at 253. 7 nm. and the fractions coITected A?!
fnactions containing the same substance were combined and 1yoph11lzed

[ha copper-che1ated A fraction was shown to contain six sub-

f\fractions des1gnated A, A,, A,, Ac, As, A‘. The A, component was _

YVTvthe main sub- fraction.- Similarly the B fraction contained five sub-.‘ ‘

’gfractions de51gnated B,, Bas B,, Bus Bs 1n the order they were -eluted.

: The Bz and-B. were the main components of the. 8 fraction 12 Subsequent'

closer investlgation using CM-Sephadex C 25 gradient co?umn*chromato- -
Jraphy has disttnguished five'new combonents which are present in the .

complex." ‘This 1?5 accqmplished by.refchromatographing»the_elqates

~r— .



from each major sub-fraction. The‘new sub-fractions were designated
demethyl A,, A,'-a, A2'-b, A;'-c, By’ and Bg.

When spotted on Silicagel G (Merck) and developed uith‘10* 2N
ammonium acetatezmethanot (1:1), the various sub-fractions all have M
character1st1c Rf values and thus identification was simplified. It
is also 1nterest1ng to n%}e that all the B complex gave. a neqative
Ninhydrin reaction (free.amino group) as did the A,, A; and A;
fractions, ¢

The new components acted, in some cases, quite different]y than

-

expected. Table 1 shows a comparison of the Rf of the components on
paper deve]oped with 10% ammonium ch]orlde and tic deve]oped with
10% ammon1umAacetate:methano] (1:1) as well as the various peptide
'identification reactions 12,13
The A fraction is ‘the main component of . the complex, accounting
~for 55- 70% ot the total vo]ume 82 accounts for approx1mate1y 20% Y
A, 5% and A,! 5%, The rest of the sub- fract1ons are present in very
small, almost negl1glb1e amounts The commerc1a1 preparat1on

ava11able 1n Canada (B]enoxane Br1sto] Laboratorles) contalns

purlfied copper free bleomycin comp?ex SR L :

.-C._ Structural Analysis!of Bleomyc!n

.’>‘

e , Further invest1gatron was carrfed out . by Umezawa and h1§

: }assoc1ates to determine the structure and beptide sequence of

) b1eomycin.w ‘Most of the orwgina] wdrk was conducted on- the major

r'action s (copper che}ated) Wt R e




Table )
- . : Characteristic Behavior of Bleomycin N
, | Compiex Chromatographically!?»!?
. Re . Rf
: ' paper Thin layer , .
: “ Chromatography C a;ography Ninhydrin  Sakaguchi
\f; Component, (ppc) i? (tlc) Reaction Regction °
[ ' .92 , .74 - -
Az : .83 .40 - -
o Demethyl A .7 .80 S
A'-a .82 .70 + -
. N Y
Az'-b .82 .70 & -
' : : .
Ay'-c v T - \o-
. v
Ay v .85 . 13 e \‘; - 7
. ) . .. - ,1
Ag .85 i .49 + . -
. As . .86 .51 t + -
Ae 88 .30, + .
B j no s -
By’ 3 .80 : s
L. ' . . ' 'y ,. ’ . . .' ) ’
B, = g2 : .68 - - +
/b X T : . . o Ty
By o, . .68 - +
P 8.-‘ 72 \ g .69 : - v v
. By ' .70 \\\\ Y-t S alUE R O
B .52 _)' .47 - %ﬁu T4
% _ , , .
l.
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The radecule, on partial Fydrolveio . oielded tio peptides

. . ’4". .. . P —— .
MItiadly whioh e ceaterated e trapentide A ard impentide S,
R 4 . o . .
Tetropertice S0 an 400a] ooid Bydrolvata, (i od four arino acids,
-~

. S . .
But ool oo oot i bonds and U erefore e correctly & poeudo-

. N a
Pertile. Iripcrtide © contaired three anirg acid corponents-, !

-

)

Bicure TaTlustietes the total structure of bleomycin A; determined

by weloctdve (leavead ty H-brrﬁosuga&‘1mide.‘5

< "
1) Tktvaveptidé,A .
. ""'4" ' °~\ ,
' Commound W yas 1dont1f105 - -9ﬁdnﬁ-]dn1ne by omparison
- .
of, infrared snoct» “”%Jﬂm"CO rctau1on with an authnntlc
4

_sample.i Compound 11" was  shown to contain a :-lactam rwng wwtﬁ\w
bhe‘formufé :-amfno G- (4 -amino-6- carboxvl 5- rethy1pyr1m1d1n 2yl) -’
propionic acid. Conpound IV was origi na]]y 1dent1f1ed as g-

, cayboxy h1st1d1ne but further investigation revea]ed the structure

to -be ;uhydroxﬂwlst1dine.‘G”7E This was accomp]ished and

- e °

confirmed by detailed nuclear magpetic ré§onance (nmr) companisbn
. v, .

to pure («-hydroxy, histidine. W component 1s of spec1a1

- &

C. interest < a more deta11ed sCrut1ny—w111 appear-Tater, Compound

II1 was 1dent1f1ed as 4- -amino-3- hydroxy 2 -methyl-n-valeric acid.

v
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Triper C1ce

-

CoThe faret o eluate fres trhe 10n exchance seperetion of the
0,% | !

LI . . . . .
ad bydralvars of the cornlex was the first emino acid in tte

-

tripe tide S0 Tt s shoun to be Lo oo by its chronato-
maphic bohavior, sinfrared snoctrye er” ertical rctut1on
ComununT V1 preved to be the reptide which contributed to

the tazimus by, abcorption et 290-295 1. This corpound

apptarcd to Lo tne rortion of the Bleasvein b rolecule which

differentictcd it frer the previously diccovered phieorycin, 1%,%¢
The LIrorvain structure contained a hithiazole chremophore
conponernt whereas the phlconyein (D, tradtion) codtained only

one thicrole rinq.diit wes identified #s 2"-(2 aminoethyl)-
?,4'b1thie:o]c~4-ccrbo>»4ic,acids The termingl end ef the
tripeptice containing cempound V11 was determined to contain
different disgifggisheble anine qroubs in ihe varjous sud-frac—

tions of bleomycin,

It was also djscovered that by adding amines to the fermen- .

tation broth of the streptomyces vert1c1]1us these amines were

«

incorporated in the termina) amine pos1t1on of the b]eomyc1n 20,21

This: method was ut11wzed to not only Increase the proport1ons or”
&

yield of a particular sub-fraction in the complex but also to

V'produce new semi or biosynthetic b]eomycins. On the addition of

-

particular diamines ‘or tr1am1nes, it suppressed almost com—

p]etely the production of-other natura1 b]eomyC1ns In th1s

&

manner Umo)awa and his associates were able to produce forty two
.

artificial b]eomyc1ns and study their b1o]oqica1 act1v1ty ~For

-.J

12

\
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examp]é, bj shpp]ying the terminal amine of the A, sub-fraction
to the cultute media a product containing. 82% A, was produced.
This made available larger quantities of some of the minutely

present 5ub fract1ons for further testing and purification.??®
<Ay

;" (Y .representat1ve term1na1 amine groups are
Y. f
a

o

. nidino grdhp is ev1dent in the B-complex thus
Ve ey

 >3ié'S:i$guch1 react1ons

: he se1eCt1ve c]eavage of ble.my-in A, by N-bromosuccini-

-

mide'a peptTde linkage was shown joiniﬂg compound III and the
L-theonine of compound I.!5 \
Compound IV of bleomyc1n AZ contains B hydroxy histidine.

¢ The stereochem1stry of this ent1ty has been determ1hed and was
shown to be L-erythro-a- hydroxyh1st1d1ne by X-ray crysta]]ography
One of the outstanding features of this, structure was the
conformation around the C-2 and C- 3’bond The imidazole was
gggghg to the carboxy! group and trans tq the am1no group, wh1le

o the Hydroxyl group was dauche to both. Apparently the introduc-
tion of the hydroxy? group on the B-carbon (C-3) caused the

1m1dazo]e to be in an unusual posﬁt1on in compar1son to that”

found 1n var1oys other histidine- contafﬁ1ng peptides:!’

v,

The imidazole rlng is positively charged and the: five ring
'atoms and C-3 are near1y cop]anar This whole conf1guration
tcaused the 1m1dazole ring to project from the molecule rather‘
~than belng bur1ed withwn the structure The 8- hydroxy1 group

has now been establ1shed as the active binding 51te for the

: sugar linkage and probably due to- the heterocyclic charge on .;-'

13
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Figure
’ 3
Structure of Dleoricin A, Sub-fraction!®

!

¢
Tetrdpeptide A

GG RH O W 00 1 O 0O CH. O CH OO0
! I ‘ gy N '
oo e, N - CH-0H  Ciy O Ci,
| R .
©OCoun KK I_;
- J i
Ak oI eIy S 111
‘ " Tripeptide S o ‘
o ' §-—-r' s~“i] ' | X
? CO P Gt oy = hw/ww~ﬁm~w¢pm—mu@?¢m
CH “OH e . ! - ” CHj
| ‘ k) ‘ . . . -/ \
Cliy | VL o VI
1 ) { .
. ‘ K
) Figure la v )
8

Terninal Amine Components of Bleomytin Complex Sub-fractions2® .

Ay
Demet
A,
Ag';a
A'-b
CAy'-c

8,

- lea.f

 A5

~ -NH-CHy-CH,-CH; SO-CH - 3H, S0,
hyl A, ANHQCuz-LHb-CH2~§-CH§¢HC] )
~NH-CH ~CH-CH,-S(CH, )5 C17 - HC1 |
-NH-(CH, ) NH,-2HCY N
| -NH-(CH,)3NHz-2HCT |
-NH-CHy-CHg= ——N -2HC1 |
N - o
B N . . H . '\ ’
" -NH-(CH;'),-NH-L-NH, -H,S0,
Y

- -NHJ<CH27~—NH-g-(CH2).Nypﬁ-nn;;nzsog,- |
7. NH N
© -NH-(CHz )y <NH- (CHz JuNM, - 3HCY - -
“=NH- (CHo )3 =NH= (CH; ) -NH- (CH, )N - 8HCT
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4
the imidazole ring, plays a major role in the chelating ability

of this molecule.!’ ' .

D.  Antibacterial Activity of Bleomycin

-

The antibacterial effects\of epch of the copper chelated natural
sub-fractions of bleomycin against various pacterial stains were

studied.* Each of the A and B -fraction's activity against Staph aureus

(209 P), K. pneumonia, S. lutea, B. subtilis (PC1 219), £. coli,.S.

typhosa (No. 63), S. flexneri (EW2), Mycobacterium 607 and M. phlei
Qere tested by the agar streak method. In the A fraction, of those

components which gfve a positive ninhydrin reactiof,

vy Ay and Ag)
Among the A °
ion ('Al) AZ)' 1) ’

As and A showed the strongesg’antibacteria1 activi
‘bleomyc1ns which exh1b1ted a negat1ve n1nhydr1n €
the A sub- fractlon was the most active. It is 1nterest1ng to note

that the sub- fract10ns that eluted off tde CM- Sephadex C 25 column at

the hwghest molar’ concentrat1on had the greatest ant1bacter1a1 act1v1ty
/

Al] the B fract1ons gave negat1ve n1nhydr1n and showed a weaker
~activ1ty than any of the. A fractfon AH] the results indicated that -

the bleomycin complex has a broad‘spectrum of antibacterial activ1ty.
s R R A _ : . .
E. 'DfStributibﬂpand Toxicity;oﬁ‘Biedmycin 1h Anima)s 'i‘ o .

\' "
14

' Many bioIog1ce1 studies in both animals and humans have been . f
. carrled out using both the~copner chelated .and the copper—free 'c)
'",bleomycin The copper-free preparatlons.have ideﬁtical biologica1

and distffb“t‘OD Datterns as the natural copper chelated form.. -
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Certiin advantaers were found with the copper-free materials, hovever,

making them the e desirable cornounds.?’  There was a marked
decrease in the toxicity of bleomycin in.mice when injected in the T
COpperhfFCG torn, There also appeared to Le an increése in the

vascular perm(nb111ty with the. copper chelated forms ot bﬁeowyctn Ao
~ B, This cauced venous darage at the s1te of 1n1cct1on and may he

7’

reletec o sore of the neohro to>1c effects noted with copper- hTeOnvSyZ::h

B.. It WdS al50 found that the most prev .e:* of the sub- fra%tions,
o -

the ko, was more cono]ete]y e>creted in the urTne, after e1qht hours,

as the coppir-frue entTty 27

- N ' o
;

. o -
The* tox1c1t> of the 1nd1v1doa1 bTeomyc1n Subs fract1ons was

girectly teTatcd tc their d1str1but1on 1n\var1ous ordans Or tlssue

There was a]so a deTayed or accumu]at1ve tox1c1ty observed, as was
t
noticed with many antw-tumor‘iggstances Tq e11m1nate or decreasc

this effect of tddxttve toxicity, blweekTy 1n3ect1ons were sugqested .

because even though' bleomyCIn is. raptdly exereted (85n in tuenty-four

a

_hours) it can sttTT be detected in the urine after seventy&two hours

'

This factor was born out by stud1es in mlce and rabbtts The LDSO was -

I

determxned to be TSO 200 mg/kg ﬁSIng a srngle anectlon The surv1va1

1

rate uas pro]onqed cons1derab]y if the total dose as fractlonated over
V4 . B

.2 pertod of time.. The gross systemtc effects of ‘an thection of

bleomyc1n A comp]ex 1n rabb1ts was Toss of appetite and subsequent .

we)ght decrease, aqp ap 1ncrease 1n Tedkocytes’Tn the b]OOd.z?'

In,sub- acute toxicity. s;%-Jes on mjce’ conduc(ed by, Matsuda‘3 e% al
Noiil

:.uSTng bleomycwn A cbmplex:(c.ﬁ.-r cheTated), the results paralleled those of

' previous 1nvest1qators and 1t'was corcluded'that the grade and freauenty of

- L ’
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toxic manifestations were c]oseiy related to dose ievei and “injectiony

period. ' These experiments also indicated'the transient weight loss
. ‘

and other primary toxic symptoms were more prolonged in male animals

and in seni]e'animais In the high'dose'animais (50 and 200 mg/kg) .

'the animals exhibited mottled hyperem1a~of the 1ung. and slight 1iver,.

kidney and Spieen damage on aut0psy 23
_ Serial injections in dogs up_to a total of 140 ma/kg of bleomycin

A complex showed a transient'weight decrea.e 'nd decreased liver,

function which retdrned to, normal after twenty—one days ATopeCia was ",.'
noted as weli as inflammation of the foot pads. The effects were dose-

related and reverSibie on cessation of 1njections The* tox1c1ty of
\ i ]
bleomye:n A was thd same by either 1ntravenous, intraperitonea} oe .

PR ) . \

subcutaneous 1nJections 7 |
Originai tissue distribution rnvestigations carried out by Umezawa s -
group ‘were . carried out wfth the copper che]ated A fractions N Injections
. \ ,

of 50 mg/kg were administered to mice and showed‘high concentratibns in -

kidney. lung and liver. Subsequent studies by the same gr!up tuO'years _?1'

'-1ater were -much more detaiied 1n their findings ‘In this experiment o

jthe various sub- fractions were iojected in the qppper cheiated form

o with 3 dose of 50<an/kg In the copper containing group. the Az

| ’fall the sub fractions were- noted in the 1iver and spgeen three hours ;l; -;

" and compared to-the copper—free A; and B, compounos 22 ;The foilowing ‘
fvdata show the detaiied distribution and Qccumuiation in aice ihjected ~-"

N

?fshowed the highest skin concentration which accounted for- the alopecia };‘ .

Vv A3

- and dermal inflammation noted.previously. Thg peritoneum concentration “ﬁ;;%

x‘tuas high for A,. Az. As- B;. ‘"d Bs- Surprisingiy 10' cpncentrations Qf

e
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post-injection. Kidnex concentrations were high with all the Sub- |
fractions‘except for the As component The Bt‘compound had.the , | .
highest k1dney accumu]at1on, and follow-up stud1es on this material
exh1b1ted severe kidney damage in dogs." The concentration in lung NS
tissue was(relatwvely«h1gh with Az. B4 and B, and 1n'particu1ar B, >
and B,.?? In'the uterus, again, the B, sub-fraction showed the,f

‘highest levels. From these resu]ts the A, and As showed the highest -

\ -

urine levels after three hours-and thus were considered to be the

~most rapidly excreted As reported ear11er, the copper free A, was

)

_ excreted even more rapid]y : o ‘ R

- -

\

It could be seen that due”to the elgvated. accumu]at1on in the skin

and lung that’ these 1ocat1ons were the sites af the greatest\act1v1ty N

and tox1city. Umezawa also reported reversible a]opeC1a nail ' o

L4

'd1scolorat1bn and deformat1on end\lnf]ammatfon and tenderness of the =~
- skin 1n-dogs 24 The transient 11ver 1mpairment -and wetght 1oss was

also noted In these pre11m1nary an1ma1 studies it.was also noted ' ,

-that there was an absence of haematopoat1c'depression H Thts proved

1 {

“to be a very 1mportant factor in. the later cTin1cal usage 1n humans .
Most patients with ma]tgnant dtsease have depressed marrow function
due to. previous chemotherapeutic agents or radiation therapy. and the

: need for a non-myelotoxic agent was - important ,"f:¢ . ;.'

i \ . . s f' . K . iy .
o s . s ¢ [ -, . - e N
L) L4 . ’ ‘

F. .-roxic_ity"_pf BTeWc_in in 'Hum'an.s_'- T
The first rdported clintca? tr1a1s using bleonucin 1n hunans were

;‘-';fcmaucted n Japan in 1969, Iehikawa gt et a17* noted-a Mgn mcidem |
"fiof skin toxicity and/a s]ignt oceurence of»fever and anofexia. Host A
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1mportantly, they related a small but def1n1te 1nc1dence of pulmonary .
tibrosis at total dose levels in excess of 300 mg More recent reports

on toxicity, us1ng copper free bleomyc1n eomplex suppl1bd by Brlstol
Laborator1esg Syracuse, N.Y., have been conducted in the Un1ted States

A typical batch of this material cantains 53% A,, 12.2% Ay, 6.6% A",
. ' ¢ N

4
.

1.7% As, 4.4% By, 19.9% B, and 2.2% B,. Yagoda® reported that all -

_patients had an occurrence to some extent of dermal or mucosal mani- 1?

>
-

festations. These vary from a mild erythemia or striae to deep .

-~

ulcerations particularly in éreas of max1mum'pre55ure ~Mild.fever,

- ¢chills, vom1t1ng and fatigue were also noted "The dosage schedule 1n ’

' fth1s study of - 274 panaents on a'daily bas1s Of .25 mg/kg of body we1ght
rather than btweekly 1nJect10ns | The results seemed to be related to . .'s
not only-the dose of bleomyc1n used but also on pat1ent condltwon |

Alopec1a occurred in- all patients to vary1ng degrees as did tran51ent .

-

liver 1mpa1rment The most vmpor\ant f1nd1ng. however was the évidence n
of pulmonary fibrosis 1n patients who had rece1ved accuMulated doses of

| approxtmately 250 mg. In some cases thls condik1on could be reversed

~by large doses of prednlsonp—(loo mg/day) 26 Rudders" also reported
't'serious pulmonary complications 1n 10. 41 of the cases of‘bleomycin o
treated patdents It was fatal 1n 2-6% of the patients and on autopsy j;f‘
fthey showed dense Inferstitwal fibrosis and pneumonltls Most of the - |

pulmonary t0xic1ty agaan provedrto be dose related with a sharp~dncrease ;Q-

o in 1nc1dence at doses 1n excess of 300 mg total ;i.t .5~' '[

o . ~‘ o ] . ) - ’: Rl / e . ,x B . . Av o : N

LY d RN N A : + ., . - ..’l .



G. Antinecplastic Activity of B]edmzcin ) R

1) Anirals -

A r:u1t1’tudelo“f researchers .hu\'e 1'nvest1'g;?ted ihe‘*an-ti;tumpr'
activity of tleomycin, either}dé a corslex or as individual sub-
fracticns. Unezawa, in his original work, hoted the inhibiticn
of both sarcera- 120 and Ehrlich ascites turﬁor_1'(n«un'ce'.'j The'

Cytotoricity of each bleomycin was determined by Isblizul:ea;.lif,ir'.«‘:~

‘ S K
conpourds In thelr naturcl conrertthelatedfori.®  This otudy was

4
4

- acé‘bmpfished by inrroducinn two mﬂh’orﬁé x 10%) Ehrlich ascites

cells intraneritorea11},to mice and then injecting sub-letha) .
L : . -~
. . ] . N .
‘doses of <ach sub-fraction of bleomycin daily. The survival tire

[ £
L4

was then recorced cofipared to control tumbr-héﬁring amimals. The
) ’ N /- . R .'-.,v E . [y
Ay had the stropgest activity against thié*particulan.tumor,,
' ~

fol1owed by A, w¥nd ﬁz‘ The A fractwon b]eomyc1ns pgoved tc be

- ‘ '

-

much mnore effect1ve and less toxic.* : _ L -
-/
The A comp]ex as a. vho]e waSﬂalsorscrut1n1zed aqainst Ehr11ch
™ ‘ N

: cardﬁnora, both,ascﬁtes type and so]1d tumor form, as we]] as
sarcoma ]80 At 3 da1ly dose of 3.12 mg/kg over. 2 per\od of ten
days a 77, 1nh1b1tion of all the types 9f tumor was noted v At
25 mq/kg a94.2% inh1bit10n Was noted however‘th1s was. considered
double the maximum tolerab]e dose 1n ;1ce anﬂ the toxic‘effects of
the drugs were-strong)y prevalent Yoshida rat. sarcoma dg]ls 1n ,,'
tlssue cultyre were 1nh1bited 91 -in the presence of 65 mg/m]

v

' f'\. 1s of spec1al interest‘that the toxic:ty studies carried qut by |

Ishlzuka on dogs bear\ng spontanébus tumors cu]mlnated 1n the -

3 .: i . . 3 . ; ) Sy
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disappearance of a vaginal lymphosarcoma after ten 6 mg/kg
injections administered biweekly."

-~

Further distribution studies carried out furnished additional
evidence of the high skin and lung concentrations and particularly |
high tumor_upﬁake in neoplasms located in thé.epithe]ia] tissue.®

It was established that the Teast toxic and the most tumor

specific of the sub-fractions was the ‘copper-free A, and As.??

These compounds showed much greater inhioitory action agains;

Ehrlich carcinoma in mice ‘and were excreted more rapidly than
either the copper-free B complex or the counterpart copper-

' .chelated preparations.uvfhese/observations suggested that the-

cooper-free,bleomycins could be considered for treatment of

squamous. cel1 or epithelial malignancies in humans.

AN

Humans - : ' . . o

. Icn‘ikawa25 and his co-worke(s} in the initiel clinical‘trials,;

_noted the unusua1 effect1veness of b1eomyc1n in carcinoma of the

penis and scrotum They also noted response of 33% to 78% in

Asquamous cell carcinomas of the skin. 1ung, heaq and neck.

Further’ successful results were reported by Yagoda" in the

: treatment,of not only’ carcinoma of the head,_neck. ond ]ympho-} :

§arcomas but a significant'response.was7noted'1n over 50% of a

group of patients with advanced Hodgkins disease. He alsovoointed .

- ,out the absence of any myelosuppression - »’

Rudder s” study on ma]ignant lymphomas also[shows a 49% ~

~response and concluded bleomycin had a significant anti tumor

,;activixy against these neop]asmS. particularly Hodgkins disease..

AR

-
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A oconplete (ljgical review was uncertaben in 1972 by the U.S.
l.‘)'* . N
it

hational Cancer Institute’ ® and the data on 1,174 bleomycin

trcated patients uas‘c0m01etc]y evaluated: This data was collected
froroverld wide sources, the largest arcup coming from Ichikawa in
Jupan., Tt ngher, Blur corcludes  that as a ckehothefapcutic

acent the bleorycin corplex would provide a significant benefit

/

N to pa'/ynt’ with 1,moho'a, testicular turrorc and squamous cell
carcmor1 ot certaun anutou1cal sites refractory to conventioral -~

: therapy and when further conventional therpy.is prevented by

ryelotoxicity:!

[y

H.  Mechanism of Action of Bleomycin

Suzukf et al2%»%%21 have determined the mechanism of action of

- L . ’

bleomycin using the total complex, copper-free A, sub-fraction and

e ated Ay on orowing cells of E. coli, Ehr1ich§2arcinoma,

ells:. lt'was‘obsekvéd that all three of the compoundé;acted\
_ar_mannef and‘cadsed~inh1bitﬁon'of DNA and protein Synthesis,
»fynthesis being more profodnd]y affectéd than the‘profefn
%s-éi’ RNA'orftRNA’synthesis Was not 1nte ered w1th to any

The act1v1ty of b1eomyc1n was H)gh1y dependent on. the concen= -
'n ‘of ce?]s and also phosphate }n the meclum, be1ng more -If. ‘ ;.
~unced at Tow phosphaxe concentrations and w1th fewer ceils 3.
‘ It was conc1uded that bleomyc1n causes s1ng}e strand scission of
DNA to a much greater degree than doubJe strand breaks.' This was | |

determined by sucrose gradvent centrwfugatlon analysws ‘It was found

;-"} /that the presence of a. sulfhydryl compound (Z-mercaptoethanol) was,' 3 o



necessery for thic reactien™ and the activity was inkibited by the
addition of mijdr 4 arounts of rotallic divalent cations (Cu'?,

44 o 44 B . ..
»In ) or EUTALTT Tnis dindicates that the chelating activity

Co

'of.L}coﬁycin 15 rccessary for its activity ard actually competes

with‘oéher chelatling aderts and thoy wgako?%’the biological action.

ﬁg; interaction of hlusmycin with [LA s unique in two points

when coparid to other dries in this field:?!

a) It ;auscé a,dccreagg'ip the melting t_m:~vature (Tm) 6f DNA,

;UtheF‘CdUSO an increaﬁé. -

b) B]eomyéin is the onlj é;uq to cause 510019 strand scission, the
‘thers have a greater affinity for double strand helical struc-

tures.
of course, the over-all effect of this sinq]e strand scissjen is

the inhibiticn of incorporiticn of *h~;1r1nw into th and mitceis.,

12

II; Tumor Scanning with-quionuclide Labeled B]eOmycin‘

)

The ultinmate goal of all these extensive 'studies were to investi-

gate- the efficacy ot this tqmdr specific agent, with its minimal

toxicity,.as a chemotherapeutic agent. - Due to the pnysical character-,

1siics of its structure and'its-rather’uncomplicated ho]ecule, another

complete d1sc1p11ne was to ut111ze th1s druq -The natural chelating
ab111ty of - b]eomyc1n has formed th%;bas1s for comp1ex1ng a. number of
'radloactave nuc11des to the molecule for use as a non 1nvaswve |

~ . -

tumor d1agnost1c agent by qarma sc1nt1qraphy

[



Mak1hg use of the natural chelating ability of bleomycin led
Renault add his group in France to a complete investigation of the
chelating capacity of the mo]ecule.3‘ It appears that bleomycin
preferentially chelates the divalent metais and in particular, those
pe]onging to the transition metal group. Of the.fellowing greup of
metals studied, Cu*?, Co®?, In*?, Ni*2, Hg*2, Fe'?, Srt2, ag*2, Fet?,
'Yb*3, Tc, Rd, In*?, Ga*?, and Au*“, it was not surprising to find that
copper and zinc, and to a lesser extent mickel and cobalt, were.
chelated preferentially and to the highestvdegree of stability. The
data presented shcws that bigomycin has a chelating capacity of 26 ug
of Cu*?/mg, 25 ug Zn*?/mg, 17 g Co*’/mg,vls ug of Ni*?/mg, 9.5 ug
Hg+2/mg'and all other cations less than 1.0 ug/mg, Although copper
and zinc isotebes wOu]d.then be the most deSirable,'the difficulties

- in availability and i; the;r physica1 decay characteristics, would

certainly cause problems in routine usage.

A. Cobalt 57 Bleomycin

The most available ndcﬁide that would“fel] info“this group of
transition metals was *’Co. Novel and Renaql.tis were the'first group
to publish reports on the use of fadio1abeled b]edmycin as a posﬁib1e

ftumor scanning agent~' They’carried out-a-cohplete clfnical study on |
ten pat1ents with previously dizgnosed mal1gnanc1es, using 57Co

V bIeomycxn The 1nvest1gat1on was very encouragwng perm1tt1ng the -

) prec1se assessment ofi the d1agnosed neop]asms plus the discovery of

-~ primary sites in two cases and four cases of undiagnosed metastases |

ﬁih: s"Co bleomycin showed a very rapid plasma clearance with on1y

24



25

-

Z2-3% remgaining in the blood pool twenty-four hours szt—injection.
‘ .
The urinary excretion was equally as rapid with greater than 50* of )

the activity co]]egted after xwern&kf%ur hours. This urine activity

N .
was determined to be S’Co_blpom}cin, not f$;;:;%90, by gation exchande
resin chromatography: was found, howeyer, that 1-2% of the acsivity
* remained fixed in éhe :jt;>q§n49kidney, §ugqestinq tHe presence of free
*®o. The researchers conc]uqéa*khat the chélate was being broken down
and the *’Co was released from the bleomycin during a biological
degradation process,® '

It was al)so noted in this,study that the more active or~£zlignant
the neoplastic tissue, the greater the uptake and fixation of the drug.
This fact is born out.py the;mén} s}udies that havg’sinCe been»published.
It is speculated it may be due to‘iﬁ; yascu]atory 6f the particular.
tumor. Tumor to tissue ratios were three to one with 57Co bleomycin
and this allowed-detection and visualizatibnfof tumors of 1 cm in size.
Practica]1y all types of cdrcinoma§ were imaged to some degree, the
;"best visua11zatlon be1ng in the Iymphoma or lymph node metastases group.
Little suctess was noted w1th sarcomas s L ,

.~Fhe great disadVantage of ”Co. of course, wés‘tht physiéalf '
characteristics of the isotopé With a half-]ife of 270 days waste
"disposal becomes a problem and 1f in fact, the cob@lt was being
,';released from the bleomycin molecuIe during megebq"suuthere would
be a considerable patient hazard. ’ 'b ;o
A more recqpt clinical study was carried out by. Moret?? and his .-
' co~workers on eighteen ;%t1ents. to diagnose and localize various '

epithelioqas, malignant melanomas and their_metastases Sufprising!y,

l

t

Iy



since bleomycin shaws a high uptake 1n the_skin, the 57éo-b]eomycin
complex failed to give consistent fixation at the level of tumor cells
investigated. They suggested that the value of this labeled compound“
remains to be proven and a further extensive examinatjon:was needed.

An animal study conducted in:Japan using a semiconductor detector
compared the uptake of 57Co-bleomycin and ®’Ga-citrate in Ehrlich
tumor-bearing mice and also in;experimentally induced inflammatory
condition.’* A resume of the findings showed the tumor uptake.was

Fal

more rapid with the ®’Co-bleomycin- and" reached a- maxtmum at s1x hours
) \and was then excreted very rapidly. The ®’Ga- citrate on the other
hand reached a maximum in twenty four hours and w?s very slowly
excreted A]thouqh the accumulat1on in tumor was hlgher wtth the
®7Ga- c1trate the tumor ‘to non- tumor levels of *7Co- bleomyc1n were

always superior and therefore thought to be more spec1f1c The

authors postulated that the gccumulation mechanism of the two compounds

26

governs the different uptake prof11es The ‘7Ga was found to localize

in the mrtochondria and-microsomal tractions infthe cytprasm while
e *’Co- actlvuty was mainly associated with the nuclei attached to

the DNA: molecu]es U
.

. ! ] " N _
B.  Indium 111 Bleomycin .

vl Thakur and Merrick reported, at the same syhposium as Renault,

the use of an “'I -bleomycin complex and some of 1ts pharmacological

¥

‘aspects L |
The 1nd1um 111 uas a much more suitable isotope than ”Co with

half-life of sixty—seven hours and nearly fdeai qamma emissions of

=
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179 and 247 KEV with no beta component. 4he isotope was produced at
the cyclotron facility at Hammersmith Hospital in London, by the

30 MeV alpha pargjc]e bombargment of natural si1;er., After ion
exchange separation'the "iIn wa§ obtained carrier free in the
chloride salt form.®® f B

The radionuclides of biva]ént elements have been ;hown to be
chelated bj b]éomycin prefereqt1$11y and'a simple mixing- together i
will produce a complex under normal conditfcnt‘(22°C, neutra) pH) .32
Trivalent eiemehts, however, are not chelated under these conditjons.f
Ideal labeling was.obtained when both the f"InC13 and the bleomycin
were dissolved in known volumes of .9% sodium chloride and added
together‘to q{vé a theoretical yield of 1 mCi/mg. This solution is
slightly acfdic aﬁd after heétinq for thir%y{minutgs a vitual 1007
label is obtained.?>: N . ‘

The thermal stability of the ''!In coﬁplexIWas déterminéd by
repeated chromatographic analysis at various time interya1s;.ovér'a\ /
peribd-of seven days at 22°C and 37°C.\’2 No free inqium agtivit& was
found. The samefnequtvaérg found after autoclaving at 121°C for

thirty minutes.®

. \ o A AR
The complex bOnd was also challenged in xitro with some of the

- bivalent or trivalent ions that may be present in vivo. namely Cu*’
ca*?, Fe*? gnd Fe*’ The chelate remaihed stab1e. with no free
.1ndiuM'act1vity detected 1nd1cat1ng no exchange with,nther metals
take place under experimenta1 conditions.* | T
Blood clearance studies of '1In. bleomycin in animals (Histar N

rats) were cqmbared to “TinCI, More than 95% of the ghministergd

(%
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M1Ip-bleomycin activity wa® cleared from the circulating blood two
hours post-injection whereas a ve:z\hiqh percentage of !'!'In(1,
activity was still present in the blood at this time.S

It is known that bleomycin -is enzymatically inactivated

biologically 'to varying degrees in different tissues or organs.?!
This could possibly be the neason that tumor tissue retains the
nuclide, The.mechanism squested was that the_isotope is deposited
in the tissue after degradatﬁon: or that\n,J*"nent tjssue 1acks the
enzyme or enzymes to inactivate b]eomyc1n Attempts to iso1ate the -
' enzyme have proven difficult due to its 1nstab111ty This 1nact1va-
t1on was eSpec1a11y noted in liver, k1dney, marrow, and spleen w1th
lower/va]ues in the skin and Tung.‘ There is evidence that a different

enzyme may deactivate»se1ected sub-fractions of bleamycin.?!”
[ N
It was ‘not surpr1sfnq, therefore, to find the nuc11de being

re]eased from the “}In b]eomyctn at some point of the in vivo

metabol1sm Chromatograph1c ev1dence proved that ten nunutes post-

(¥

1nject1on the 1nd1um act1v1ty was associated with ‘the bleomyc1n but

after four hours the 1ndium activity was bound to the same protein

-~

3fract1on in the blpod as 19 observed fo]]owinq the 1njection of free
. { co
Anuc11de. This fraction was showr to be transferrin ¢ The subsequent

A +

. fate was the deposition of the “‘In transferr1n 1n the bone marrow

AN

._Regard1ess\of this short-coming,‘many extensive stud1es have been
/

. carr1ed Out*on th1s complex. ’ It is now auaiIable for routiﬂe clinical
d1agn051s 1n the United States under the trade name of Tumor Scinti-:v
vegraphin from Medi Physics, Emeryville Ca]ifornia, at a specific
| actithy of 2 5 mCi/mg | |

C . ) . : (53
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1) Tissve Distritiwticn in, Animals

-

Initial distritution stadies ¢f '"in-bleomycin in Walker

~

Ctumor model rats, indicated substantial tumor uptake-six hours |

post-injection.,”  The incorporation into slower qrowing tumors
increesec up to seventy-two hours post-injection while in

‘ 3 ~ » . 3 ) . 3
turiors with a more repic doublina tire there was no sianificant-
Cincrease in untabiecafter twenty-four hours. Varyina the amount
i

v - of hiouwycin concentratinn per inject 01 f{d not elter the uptabe
- - . \
to any extent. There.was, however, an advantaace to using the -
" C
S . N, "
hichest specific activity pessible. The activity in the tumor p

~

3

. V4 .
appeared to he fixed up to anout si hoursrafter!1nject40n while
)
the b1ocd-]e§tls Mminished prouress1v01y High specific;
art1v1tv \ould a11uw Lettor 1Panes of 1oca1lzat10n as the tumor

to blood ratios ref]&ct En thisy study. 'Hioh‘kldney and,marr0w‘
: R ' . N v ‘.
activity was also noted, as eprcted. ' : -

Some 1nterest1no results from tumor mouse distrlbut1on using

~

"‘ln oleomyc1n were reported in 1973. Usmng a sol1d form of the.

Ehr11ch ascwtes tumor,.Grove and Eckélman and Reba36 were ab}e to

*

show very hwqh uptake at one hour . post- 1nJect1on fo]lowed by a
decrease in a1}ft1ssues at four hours. Of s1gn1f1cance'was the

’ 1ncrease of act1v1ty in the tymor at twenty four hours Th1s C

1ncrease was also. noted 1n the 11ver, lung and sk1n.z These
' Ve

resu]ts may be” 1ndicat1ve of a d1fferent blolog1cal degrad&tion T
‘ from that of 37Co- bleomyc1n. The authors djd hcwever oontlude

that 57Co- b]eomycwn was ‘A superior 1mag1ng acent It c1eared the :p

b]ood and 11ver more rap1d1y than “‘In b]eomycwn,‘and reached "'> f‘5?

Y T
A .
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much higher and more consistent tumor to blood and tumor to liver
rat1os after twenty four Hours>; Due to the divalent metal it
appeared. to form a more stah]e chelate even when‘subjected to
enzymatic'degradetion in the tissue. The'questidn wes now, to
‘determine if the"imaging pdtential ofv“‘I-bleomycin was indeed
due to the b]eomycin 1oca1izing in‘the-tunorl or if in fact the
1nd1um was be1nq re]eased from the bleomyc1n and 1oca11z1ng on
its own as 1on1c 1nd1um or possibly 11nked to transferr1n

Robb1ns and his coworkers carr1ed ‘out an exten51ve study on
'the ’f‘I b]eomyc1n and ‘f‘InC1, klnet1cs in mice, bear1no a number
~ of various transolantab]e tumors 7, In th;s study they also |
dupllcated Thakur s orvg1ha1 work on the thermal and chemica]
stab111ty of the complex Contrary to Thakur, they found the -
Mg bleomyC1h comp]ex to be completely unstable 1n the presence
of excess Cut> ions and a comp]ete exchange appeareé to be taklng
place Nlth the subsequent release of the indium »;

Robbins et al. al. used an. AKR strain of micé bearing’ Ridgeway
osteogenxc sarcoma and C5731/6 mice bear?ng Lewis lung tumor and ;:'.
B 16 melanoma ~One group of Lewis 1ung tumor models were 1njected
with “‘In~b1eomycin and JO u61 of *"Inﬁlg., “The mice were |
"‘-_serially sacrificed at one six. tw!nty-four and forty-eiéht l;_' ‘,;'ﬁ'

-hours post-injeqtion and the various organs and tissues of' , :

o interest were assayed Tnere was -4 remarkabie simiTarity 1n the . ’f
"locaiization and dtstributfon of the tiwo agents after forty-efght i .

B nours, The tumor concentration wfth ‘(‘InCl, was considerab1y 3;f;-

, 2
'better than the “‘In-b1eomyc1n. but the "‘ICI, was cleereﬂ.nore

\ R e ""/.
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'ntumors and two secondary sit

: Nerq corre1ated to findings from routije clinical—evalultions.‘ o
?'uE19htY °f the 101 patients had ditectiblo localization in nnljg-»li'q"“'”

3

al \

slowly from the blood. The highest tumor concentration was found
at one hour but the best tumor to blood, and thus optimum scanning

time, appeared to be from twenty-four. to forty-eight hours for all

the1r dlstr1but1on seems to confirm that the “’In b]eomyc1n

d1ssoc1ates in vivo and even suggests that llInC]3 may be a

superior'scanning agent.?’ !

v . . -

(linical Studies with “{In4§1eonwcin

. Due to the wide variance in andma] studies and, even‘with

the knowledge that l“In 5]90ij1n seems “to d1ssoc1ate in v1vo,

the reiative potent1a1 of it as a usefu] scanning agent seemed

‘apparent. Clinical studies were carr1ed out_by a number of
v Rt , p

workers T ' S K

]

the tumors investigated The swm11ar1ty between the two agents in .

Thakur and Merrick‘ in 1972 stud1ed twenty patients, during~"

the 1n1t1a1 REES b1eomyc1n invest1gations with: suspected brain

..tumors They were able to d1;27nguish between infarcts and

of malignancy were detected thatﬂ

.

| ,had been mfssed using the conventiona] pertechnetate.vv»; -

: Verma et al a! 3¢ studied the uptake of the commerctally L

{pr1mary or metastatic tumOrs. These included malignant, o
B . melanomas breast carcinomas adenocarcinomas sarcomns,‘,;f

- '_wmphoms ana €ptdermotd carcmms. The H'In-bléomycin scins.

S

-l

e

AN »

. available. radiopharmaceutical 100 patients with various knownf -

7™

B qf nant ttssue. Eight sites of abnorg;l upteke uenl deened as f;tsg ;;_;;;
’-f;;posttive s there s no evidence of neooia;u.r;, ek : '
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Grove and his group fof]owed up their original animal work
on ''In-bleomycin with a clinical study on patients and direct1y~
COmpared'tumor uptake of this complex wttb 57Co b]éomycin'and 2 \
tumor 1mag1ng aqent that was qa1n1no recogn1t1on, $7Ga-citrate.?’
Attempts were a]so made in this experiment to chelate ®’Ga ahd ’
%Fe to the bleomycin, moﬂecu]e but were unsycceSSfuT 3¢ Studies
were comp]eted on five patients, hcwever us1ng S’”o and '!'In-
b1eomyc1n and ®’Ga- cftrate. They fodud e $7Ga- c1trate'to
- provide better visualization of'tumor,butfthe ‘i‘lnableomycin

gave variable results due to a cation contaminant. -~ Fy

— ’ A '
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A subseeuent clinical evaluation of "‘1n‘bleomycin was also g

conducted usxng $7Co and Ga- c1trate fqr compar1son by this group.??
h They concluded that due, to some of the inherent d1sadvantages of
."Ga-c1trate, such as high gastro1ntest1na1 uptake obscuring the e
| abdominal area, a twenty-four to seventy-two hour delay. before
'fxmaginq because of stow blogd clearance and 2 !ow degree of
,sensitivity and spec1fic1ty in certajnotumors 1ape1ed b?eomycin.
,i" particular. ”Co-bleomyctn had'distfnct advahtages as a tumor
~A1mag1ng agent In thefr study of: fifteen patients ”Co bleogycin

’71'd¢te¢t9d 73‘ Of the tumors evaluated while the: $76a- citrate agent -~

. ) .
'.visunized only 47%, Uptake uas notéd $n 2 pyoqenic inﬂamtion; A

'by both agents. Ieading to fa1se positive results. Results with
| ithe "*1n-b}eamyc1n were quite poor and except for the physical

'-:i Jdisadvanthges of ”Co. 1t was 'Y much supertor\radiopharwnc?utica‘

~for tumor fnaging “The. whole bgdy radiation dose was. considerab1y‘
smaller with the ”co and "‘fn complex than~uith the "Ga-citrate

( oa m 15 ms ccmpared to.9 Rad) "o

ERN

\
v
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GOOdan and Lih*® confirmed the stab1]1ty of the 1yp.

. bleomyc1n chalate chromatoqraph1ca11y. the posut1ve uptake in

-

squamous- cell carcinoma, and also the appearance,of bone marrow

L4

uptake on delayed forty-eight hour scans. L
Most of the in-depth. studies om commerc1a1ly avawlab]e

“‘In b]eomyc1n have been carr1ed out by Emmerson, 0'Mhra and

1.

L1]11en“’ in Ar1zona incTuding recent evaluation of the compJex
e .

in pediatric onco1oqy “o They reported .2 results on forty P

" prior cases.  More pos1t1ve 1es1ons were detected than with 67Ga i

and the ihstance of false. positives,were much lower. They q]so

) -

noted that 1nd1um bleomyc1n is not tumor spec1f1c but also .

localizes in c]fhical and enqer1mee;al abscesses and fractures““‘«/
Th1s group also nﬂted\an overalY correlatﬁon of 85“ between

. abnormal "‘In bleomycﬂn accumu]at1on and known sites of neop1ast1c

1nvo]vement The ymost prec:se imaging was for lymph and soft

tissue d1sease svtes A 6% fa]se negat1ve va1ue and 9% fa1se o

l posit1ve va]ue was noned Multiple me]anoma and 1eukem1a fai]ed

)
'to be detected and again progressrvely 1ncreasing marrow uptake NG

. was seen,“{‘ R _ | B ,," r~ | § B

An exce]lent review on the Current Statqs of Tumor Imag1ng

o by D. Lil)ien has appeared in ;he I;Zerature which sums up the _e o ;<:
1

;efficacy of “4Jn bleomyc1n as. a neoplasti¢ scanning agent even Yo

"fn,.with the known drawbacks v He pofnts out that although the e

5a,efout1ne1y used "Ga citrate loca1izes 1’ soma malignant tissue ;i
- f'it is entire1y nonspéeific and has even heeﬂ USQU t° GV"““‘

e-abscesses.and bsteomyel1t1c«1e$1ons. lt gives 2 high percentage

ST o e s : o o 0t ) - . H N -
. - e . i ) 3 ST, . Lol -
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of false negative and false positive scans consequently. A

further drawback is in the nuclide itself; ®’Ga has a complex

- . \ . -

decay scheme with a pumber of gamma photons of varying energies”

' v
ST

but none in high abundance. In a direct comparison of this .

-

agent with ‘!!In-bleomycin in over 400 cases, the bleomycin
complex was able to detect 90" of the disease sites; the ®7Ga-

citrate 79%. Although thé '!'In-bleomycin does not offer any

) . - ‘ | !
advantage over 5’Ga with regard to,specificity, it appears to

1

detect a broader spectrum of tumors, 1”

1

The ped1atr1c onocolog1ca1 study carried. oth\y th1s same
\

| group has shown the 1T phleomycin complex to.be an acceptabﬂe
diagnostic too}tfor'tqmor deteétmon in ch)]dren.“? It was”™
uti]fzed‘in th?.detettion and Toc¢1ization-of?varibq§ soft - .
tissuelprimar}'and metastatic'neobIasméf 0articu]ériy of the
neuroblastoma, 1ymphoma, rhabdomyosarcoma\and w11m S tumor types
The main advantages 1nd1cated were the high posittve fﬁnd1ngs
(83%), low false negat1vesv(7%); Tow false Pos1t1vgs.£10%), and“
~the low toxicxty and saﬁety of the compound Theré waﬁ'aisd T
- noted a lack of signifiQant bowel activﬁty.«wh1ch is important.
as o many ngpplasms in chfldren 1nvo!va the abdomina\ area ‘s

J HOrn ét al““ hdve, r!cent1y shown a 647 detectio; rate in
visualizing malignant melanomas 1n fifty-one patients using

. “‘I-bleomycin IR o~ s . _ ,



,attempted all w1th vary1ng success. SRR . ) %

\ - ~ 35

C. Technetium-99m

_ In the original work carried out by Thakur on '!!'I-bleomycin,

N

comparative studies were conducted using a stannous chloride reduced
*9MTc-bleomycin complex.® The °°™Tc activity, however, was found. to.
be associated a]most*complete1y with the albumin fraction of blood

four hours post 1nJect10n 1nd1cat1ng a d1ssoc1at1on of the mo1ecu1e

in vivo. The liver uptake was also ndtably hlgher than the !!'In-

bleomyc1n, and very 1ow tumorvto blood rat1os‘also may have been due

- - ,
. ~

" to Teakage of the *°™Tc into the blcod poo) after being released from

A

the h]eomycin m91ecu1e. The indium-bTeomyc%n dppeared to hydrolyze
and remain in the tissues{.6 ‘esultvs such;‘as these did not discourage
2 host of researchers to investigate the possibilfty of forhing a
stable ”mTc-b1eomycintcomo?ex The ddvantages are obvious,with'the :

’

ideal. ava11ab111ty, phys1ca1 character1st1cs, safety and cost of the

,”Tc Var1ous methods of prepar1ng ”mTc bleomyc1n have been .
‘%

Morf“‘ reported on the usage of a vmye labeded bleomyc1n us1ng

~ stannous: chlor1de ascorwate compdex w1th h1qh spec1fic activﬁty Very
rapid excret1on was noted however 1maging was successful at. thlrty

,i-m1nutes with approx1mate1y 1% of the labe1 accumulating 1n the tumur

I

(fibrosarcoma) and 58% was recovered after twenty—four hours in

-
Ca l.

'-ltumor bearing mice E f?f _ _-_,_ ¢ AP S o fh

1'»

A‘total of 142 cTwnical cases werd inveStigated'and‘positive

o Sciﬂtmmon 'mm images were. detedm in ezz of the cases after.“"- -

;.on?y one hour ppst administration of‘intravenous doses.“‘\ These
A} compared with a 65' detaction rate using "Ga cixrgte. 1t was alsn}"

Ty . : . R U
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poscible to cetect smaller malignant nasses, ind retestetic processes

G G

were tuch rare foveurehly inaged with the “Te-bleorycin.,  The one

p e 12as the high and rather diffuse activity in kidney,
ea and the blocod pool  uetv-four nours

noof ’ch bleomycin.,

T

.ytic LrOCcess hds also been 8eovised for the labeling of
~Ccoﬁpounds} ono of which is **"Tc-bleomycin, by Kato and ;
'ers;;f The end product is 95"]abe1cd'after an electrolysis |
Werity scconds at 10 pA. Tho ]abg]eq raterial appeareo to have
r betref radioc“emical and Stabijity properiies as tho§e.

' by convcﬁtionci ohomica].methods. Unfortuhately there were
yi-up biolonical studies on this preparation to date. ,

and Goodm'n7 have carried out an extensive study on the
ff b]eomycxn y1th MTC uéinq a sinple tin‘reduction method,

and the ’°b<GQU9nt untake and d1ftr1but1on 1n experlnentpl an1mals and

humans  were ab]e te obtain - approx1mate1y a 50‘ 1abe1 which was
J

.thenﬁ >o rempve any unbound. technetium by e]ut1on w1th 008N

Y ; Qh a AGl X8 co1umn T1ssUe d1strnbut1on 1n mwce bearing a

transp1=nted KHSS carclnowa in the flank revea1ed tumor to 'blood
concentrat1on tevels of three to one after Six hours wplle h1qh .
; act1v1ty in 11ver kldnevs, stomach. sp]een and lungs were noted

The blood cleardnge was extreme]y rapid w1th an: 1n1t1a1 disappearance:
of:50 i tmelve m1nutes E1ghteen cancer pat1ents with biopsy

3 ‘ .
proven ma]xgnant 1es;ons vere scanned fpom one. ha1f hour to sdx hours

after: adm1n1stratwon of t‘! ”mTc&Sn«bleomyc1n.7v A very high back+

s A
'grouné was noted maklnq scinthraphic detect1on very d1ﬁf1cu1t Th1s

) was partlcularly true in the abdominal area._

. . Lo 4
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A **™Mc 14beling technidue utilizing a stannous-pyrophosphate
comd]ex'haé been introduced by Bardy EE_Elf? in France and appears
to be very successful. This methgd is used not only for the 99mTc
labeling of bleomycin but also for "tagqing" red blood cells. The
gd' aqent in this case is the stannous- oyrophosphate complex f
r t er hn the conventlona] stannous ch]or1de A]thouqh the nature
of the technetium-bleomycin bond is unkncwn, this method allowed
quantigative labeling debending'dn the amdunts of bleomycin and.tin
used. The amdunts of stannous chloride used {n the stannous ch]oridef
pyrophosphate reduction are considerably 1ess than the amounts used
1n the standard reduction’ procedure us;nq Just stannous chloride, and

the comp]ex appears to be more strong]y bonded ‘and more stab]e A

94 .17 1abe1 was obtaaned and no pur1f1cat1on step was : necessary

.
Y
f

D. B]eomycin La6e1edqwith Radichpper
, Y TOA

%

The ab111ty of b]eomyc1n to. prefertntlally che1ate coppe oné‘

_ naturally, has led to the 1nVestlgat10n of us1ng various Lsotopg# of

this metal to form tumor 1madﬁng comdﬁunds Coates and his group“°A

'used "Cu produced by the "Zn( ,p) "Cb\react1on They found a

virtual ]00 che1atron possible P]asma clearance, stud1ed in doqs,

| .exh1b1ted almost 1dent1ca1 values :\\that of ”Co‘bleomyCIn There

"was no. ind)cation of free copper acti%ity 1n gir__by way of increased

,lwver uptake., Tymor distrlbution was nb{ 1ncluded in the nepqrt -
Ryo and Ice“’ Sﬂ ﬂichrgan have a150'experimented wtth copper'- R

| bleomycin omplex, Usin %gu a comparat1ve study was undez;aken L

LG ’
' vusing t‘,; nuc?ide che]ated te bleomytin and ”mTc b]eomyc1 R alonq
- : : . Y ; “ . . ’ -
TR u\
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\ ' | |

with tritiated bleomycin, for complete detribution studies in Fisher
rats bearing an endocrine "autonomous" breast tumor. The labeling
procedures were assayed using chromatographic analysis and a near 100"
label with the *“Cu was. obta1“sa At twenty-four hours the tumor
uptake based on percent dose qram ! of ®“Cu-bleomygin was twenty-four
times that of *°MTc-bleomycin. It was again pointed out by.the data
df this experiment that bleomycin-lateled with differenp nuclides
behave differently biologically. Tﬁe duth,r? suggest that perhaps
$7Cu may be a better isotope.to consider because of its longer half-
life.*s - _ . e _
¥

E. Platinum 195m que]e'd,aieomycin

Another interesting nUC11de, that of p]at1num 195m has recent]y
been introduced into the‘bléo@ycin mo]e;u]e, ° Initial an1ma1s studies
indicated'an.unusually‘high blood background, but the m01ecu1e'
remained intéci‘;ﬁ vivo dﬁd Was excreted unmetabolized.

The results of ‘all thlS research can be summed up qu1te concwse1y
Bleomyc1n appears to have as godd as or perhaps better spec1f1c1ty '
_than the current rad1onuc11d1c 1mag1ng agents used The main dasadb

'Yvantages are twe' At best the bleomycwn Jabels have been chelatés
whith are not part1cu1ar1y!stab]e 1n vivo gr in some cases 1n rltroﬁ
“and the 1deal nuc11de hd:éhot been fouhd dug{_g/stable yet
.easny detectab]e agent w1th the present sc;n’&‘aphi methods. The~ .

abihty to covaIently bond a radmactive eTement. ‘ good physica1 . 2

, character1st1cs to b]eomycin woqu adg 2 very valuab1e"bo] to the. | |

,.early diagnosis of ma11gnant d1sease.,
o4 ‘

. . .
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Lorarde’ s rarcur bes veoently o cen el ly dedinated tlecr year
« . s

Uit c 1 edif e rodyee oo o Torady rrethed, Tt They renort that /

4

the dodtnation Yo very oboond tire derondint but oan P50 Tatel was

Chtored thel roved Lo b crerically stobde.t Toth YY1 and Yo

viere LCod,

e Fo1low-vn wrie ”*;‘ri’ut?ﬂn in tueor booring rodents with tre

T b renycn indic e g 100 fL:T\\tU Plood and o 26.8 turor to

teerty-fomy ronre . Dun to thece encouraainn nesylts
~ ?

. ’ ! . . . X .
Yor cointiararhic coroaricen in ratients.  The resedarcherc
1 ) . , . . . .
concluled that B I-bleorvadir wos ratddlv distributed and cleared from
. \ v b3 : . . . .
boc, = that chontcagdy, brolonicelly and physically 1+ pas the rest o
« . ] .

radiclcbeled bleorycin corilex udd thus far for tumor imaging,*

117, fndioiudination Technicues
B ‘;? ‘ N . ' . ' ) .
‘o

]
v » , : ,
The concept of usira ra d compounds, not on1y'forvmeg%bo1ié

Pad 1)

and physiologicat studies, but also for the non-invdsive techmiques of
afatomical de%inition, have gained widespread use in recent Years.

Padioiqunoassay not only allews very precise measurement of the

bndbqenbus concentrations of'natura1 hormones or pfoteins but also”
_the b]oon ]EVd]S of exoqenously supp11ed druos or po1ypept1des Most

.of these compounds rake uSe of r1ng or. side cha1n labelwnq us1nq the

6-em1tté7¥ ¥ oor 3H. ThlSﬁanvolves~{1qu1d_sc1nt1}1at10n prOCedures
wh1ch are somet1nws lonc, require expen51ve fluor materials and

exten51ve correctwon factors Recen&ly the use’ of‘upak ganrm emitters

< 4o .
RS
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(c.a. <71 have :\(nr: availeble in dassay procudures. the ease of
sarsle handiong tores thic e cesirrb1é techriaue. The need for
methods and trocedures viere then sounht to auickly and etficiently
Tabol vrotears and tolereptides in pqrticu]dr. Of rourse with the
advert of Y71 becooing mere available these PGIﬁUdS.COUTd then be
utilized for the preparetion of excellent iraging anents usina the
scintiorashic deteciion rethods available today.  The irbortﬁncd of
1odiﬂatigu Ties in the fact that it i< a ghfmjtal or covnlenf bondina,
which 1s stible, ard not a che]afe or corizlex farration.

e

foreview of the cononly used ethods of iaediration of oroteins

or bc]}vchtid@& ol T, )

The basic entity cererally 1ebe1ed‘jn‘these-procedureé is thé
tyresing resicue. - The mechanisﬁ‘ihvolves’an e]ectronhi]ig substitution,
of- the ortho hydrﬁﬂ“n in the phenolate anicn of tylos1ne “3 Thcviodinél
must Lbe in t‘e +] ox1oat1cn state. As iodine 1is on]y Epar1nq1y ﬂO]uble
in aqueou: so]utjon (1 1 mt/ at 20° C) 1od1de, wh1cH forins solub]e
compleves, 1s added. A 1ook at the reactions of 10d1ne with solvents
j§ necéssgry bcfofe an in depth look at the tyrosiqe labeling proce- .

»

dures are scrutinized.®"

thi}ibria of lodine with Solvents

4 I3 <o 2 r ‘ , 1 ' v
B ¢

13 + H 0 gy 7OI I 2 N

I, +70H 2~ 100 + 17 a3 |

HOI e = H' + O 4 :

-., . . - ) ' o ! Al
301" — 013 - < -5 /.
. . : . ° L
I 4 RNH, ~—REHI + B + 17+ 6
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Reaction 1. In the presence of iodide ion, molecular iodine is almost

*  completely in the tri-iodide form.

Reaction 2. Indicates the ionization of iodine td_yie1d thHe active
species H,01*. Since another iod{de is produced this spe;ieS'
rate of reaction must vary inversely as the.squqre of the iodide
concentration,

Reac;ion 3. Shows t hydro]ysig of molecular iodine to hypoiodous
acid and ioaidé:y | ‘ |
Reaétion 4, Shows the ionization of hypoibdous acid.
| Reaction §. Indicatesqu adverse sequel to ionization and iodination,
the irreversible formation of iodate. This aT;o sets an upper
practical limit for iodination at a pH 10 o .
React1on 6. Exhvbwts a compet1ng reversible react1on involving amino
groups. Thes eactions serve to deoress the rate of reaction
| without a]fg:f:: the outcomesS* ' R :~ A
In 1947{Painter and Soper®* studied the iodination of phenol using
molecular iodine in water, and in the presencé of buffers, and found
the kihetics oflihis'dncataiyzed réacfion_to be in agr!gment with the’
two reactlons (2 and 3). ‘{ , .
[CHsoH)(WOI] o
[CGHSO-J[Hzal ] ;f'\' o N . - \: |
In the setBnd casé no distinction is‘poésiBIe between the'H,OI+
'and * (aq). The ambigu1ty arwses because the proton can be either ‘
; on the phenox1de jon or the hypowodous acid - f~ -
A differentiation can be shown between the, two 1odinat1ng species
“when antline is. used as the aromatic substrate 51 Aniline has the same

*

kinetic characterist1cs as pheno1 and the two possib1111$es again crise.-

BEEEE &



[CHalH, T IHOT)
[CLHSNHz][HQOI+j
The first of these can be eliminated on chemical grounds:' the
anilinium ionvis meta-directing whereas only ortho and para substituted
iodination products were noted.®3 The invérse dependenée on the square
of the iodide ion concentration, noted above, has also been found in
iodination in other aniline cerivatives and imjdazole. Thefefore;'the
following $cheme of.mechanisms represents the iodination of aromatic
(Ar) compounds,®? |
I, + H;0 == H,01* .+ I
Ho01* +. ArH o= ArHIY + 1,0
APRIY - Arl + H®
or  ArH + I, —= ARHI* + I-
ArHIY > Arl +
The principa} reactionS‘Qith proteins can }hen be sﬁmmarized

below. The equilibrium is. generally: far to the right mak1ng them

/

-

_essent1a]1y lrreversibIe 5“. . . "_ R
Th'e’ phenol'a\te am'On-evxists a]so in the quinm’d‘ form ' RO ‘
| R - I o
%
“201 *R@O -——>R0 *H +H¢0

I

0 —QRQ-O' + W+ H,O

H201+ + rR

O

42



The following reactions can also occur in protein or polypeptidic
- : v v
iodinations.®* v | ! .- )
+ * ’ l’
H)OI + RSH _— RSI + H + H20 . ’

RST + RSH - ~»R-S-5-R + K+ 1T

4 N

The reactions of the su]fhydry] grOups always occur much more rap1d1y

than the- pheno]atg react1on but they do not resu1t 1n stable bond1nq

of iodine and gigeraIIy.resuﬂts if the immediate release ¢f 1od5de. ’

~

The f0110w1ng reactlons can also occu.” t'2n excess iodine is

introduced 1nlo tyros1ne conta1n1ng protelns that also contain N

' h1st1d1ne ent1t1es.5? ' !

""2OI+ + U—.N —-’-————) l_— + H* + H,0 t. - L ‘.
' ] -7 [\ lr , . :
L N o o

» 4
! . Y.

’

In the latter.stages of iodination of tyrosine, in the presence

e L £ : ‘ ’
of excess iodine, thyroxine formation has also been observed.®’

o | C1 i e . . -

1, - S | .

‘ 2RCH2‘</_$‘ 0" + Hgo ——-:——) RC!“:‘@» 0-‘ + RCHO + OH- N l
Co N/ . . - ';‘_ / . , \

- I 11 - | |

3 ~
’

AN

' A]though there is some controverkyrover the$natura of the

" iodinating species, whether it is H,OI or I (aq) they cannot be

/

dlstq.guished on kinetic grounds . lt was found that 1sotope effects
“are the rule. in 4odxnation but notﬁin bromfnation or chlorination."‘:_ .

" The almost luvariable participation of C-H bond breaking in ihe ratc

P

, detenmining step of iodination has been c0nsidered to be in agftement
: with the role of the base 1n buffer catalyses as assisting in brvlking

* . .
. i Y N, ot . [ . PR "o
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the bond. It would appear therefore that iodinatiods are base

. i
\/

catalyzed.”?

A more detailed mechanism will follow on the iodination of .
/ ’ [

imidazole residues. The i6dinated derivatives Qf’histidine‘have
been prepared, containing ‘either a (- or K-T bond.*® The carbon-
iodine bond is the only stabIe one, however Aside from-tyrosine

the only other ami no- actd that is 11ke1y to be 10d1nated\under -

t

normal cond1t1ons and w1th any degree of S. at lity, 1s'h1st1d1ne

' Tryptophan‘may be destroyed The tyrosyl ent1t1es,usua]1y 1¢d1nate | .

more readily but the d1fference i's not extreme. .\ | | :
Many methods have‘been devised; for the 1od1natipns of poly-

peptidic molecules. These metnods 1nclude KiO, Ox{datton ut111zed

by Stabb®® and_Utﬁge‘° tor the 1abe11ng of glucagon and growth hormone, ;
nitfite.oxidation used by'Yalowﬁ‘ to radiotodinate fnsulin, persulfate -

,oxi'dati'ons to label albu'min with T3} utilized by sﬂr'mre"'ana .

7

'McFarlane has labeaed plasma proteins using hydrogen peroxide as. the
\ ’ .
' ]

‘oxtdtzang agent 6y 5.'1_ o _ . ' :. B ' \ N

Probably the methods utiltzed the most and certainly prbduc1ng the

N

. most desirab]g products are tha fol!owing four, the 1odine monoch]pride

'A‘method. the chloram1ne T method radio!odtnatien by enzymatic proce- T

‘ cL - . !

. N 7 . L
" . . - 3

dures; and an electroﬂyt1c techndque S T u-w .
J . : /oy
A Iodine Mono;h1or1de‘ﬁethod of Radtoiodination o a::h . a

Th1s procedureqhas.been used successtulty by a nOQbQF'of workers N

-‘.asince 1ts fhtroduction by HcParlana in.lesa ‘b' e

' . _! B

S O
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Ta incorpordte radicicdine into nroteins, this element rust be'
| i f

convcrtg;f intc the positive iodine state os present in hypoiodous
acid. This may be acconnhished by or16at1on or by 1sot9p1c exchange
with non-raodicactive hkuloduu, acid. or a suaJtance that produces

HOT on hydrdlysis. e.q. I, or 1C1. Only one atom i 12 can acquire -

| thi poswtlvc character kut in IC] all the iodine is avallable for

N) ’ -

jodinagion.

o

In ‘clfarlane's®* rethod, Na”’l is added to an HC] -NaCl solution_ -

of IcT and.hrourht to a pif . ﬁ with a glycine-NaOH buffer Thﬂs’

mixture is 1n39c*c\ 1nto the protefn so}ut1on, at a pH no hiqhdﬁﬂ;h;h

9.5. The 1n0ern1c 1od1ne 15/ then removed by anion exchange or . A oy
-_dia]ys1s. Thn rad1oac;1ve 1od1ne could be addnd to} the 1od1ne mono— B

h chlorlde before or after tonvers1on to the hypo1od1dr state In the

best y1e]ds of 60 f‘O oﬁ the‘radloact1v1ty bpund to the-prote1n the
“glycine buffer was 1nJected \nto the "‘Iél solut1on Just pr1or to ‘
.m1x1ng with the prute1n o hi | " R L e
Pelmkamp s publ1cat1on showed a mod1f1ed version of thfs work ’Slw

v -3He pointed out that when a buffer of basic pH 1s addedfto 101, the

' react1ons of . 1ts ﬁormat1on are revereed The Ielg hydro]yzes to CV'

»_and HOI _ The 1atter will rapidly decompose to I, and iodate and the :{f'f;f-V
' iod1ne will in turn be - transforﬂed tb iodide and mnre 1odate. This »‘:';rﬂ_gh
o procesbs 'lncreases wi th’ thb temperatuce ahd bas?ciiy of fhe buffer L
'This dlsproportioaat1on ‘can ultimately ramovb one-third of the total

" jodme and lead to inefﬁcaent labelfng Ihis can ue represented as



/’\u

' )
.-
101+ OH. - 2017 + 1or
- \
CBHOT ¢+ LT .t 21, + 107 4 30 e
21, 4 2000 =70l 4 217 °

WMOT + 00T w217+ 105 + 3,0

14

This loss of (ff1(1thcy can be r1n1m17nd by adding the La'*'l,

which ic usually irn alkalinc medfa to the buffcred protein so1ut1®n

-

and then adding t!( iodine nonoch]orlae with, rapwd and thorough

mixinc, The 1uhe]rnq of v ;lobu11n‘Was it rerced to a cons1s¢ent
. 2 ) .

81-ut . Helwkarp found the icotopic method to be morg adventeqeous

-—

than oxidation of the fadioactﬁve}iodide by iodate, especid]iy at low

f

1evo1< of act1v1ty

produced by the uxjcatipn of the;Na”‘I. all the radioioﬂinefbecohes

»

avéilab]e for iddiﬁation rh1s procedure Was usefu] when high

When, hohﬁVer, protein is iodinated with **1]C)

£

spncxfwc act1v1t1es or "over 1od1nat1ons were carrwed 0ut He]mkamp .

~, attained a SOO mC1/nq 1abe11ng of inchlin uc1ng thlS method 66 .

Ceska et al 67 " has made even fLrther modif1cations. one of which

-

s the add1t1rn of sodwum th1osu1fate to stop the reaction and a

4

d1]ution of his labeled Y- E qubulwn thh 54 human serum album1n and
‘ 2* potessuum 1od1de tq reduce self rad1olysxs of the prOtexn.v
Ceska has also produced a magheﬁatica] model of the Iabeling\of

-»rproteins w1th 1od1ne monochlon1de 08 The thebretical va]ues wetg
\
compared to experimental data and the resu!ts compared favourably

The amouhts of ‘251 1od1de and the 1nf1uence aq,"‘lCl formation

]

| were studIed in. depxh } ,“*n‘ _ «., ;~.ﬁ, , fqp_fj;
An en41ghteninq artfcla by Hunq t a]" appeAﬁed in 1073 oh thg

1od1ne monuchlnrwde reactiohs of aqueous so]utions o# L tyrosine, L-

:_,’ ‘A

histtdwne and L=histidine peptides ' ;';" h _j,

PEEE

v .

—w
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At pH 4 L-tyrosine iqdinated more rapidly than L-histidine but
at pH 7.4 they iodinated at approximately the same rate It was also

shown that* conformat1on of various peptides,\Or the surrounding amino

-~

ac1ds p]ayed 3 very 1mportant role in. the catalytic influénce, 3nd -

subsequent iodination, cgithe 1m1dazo1e r1ng of. the histidine on 10

s . N
hydro1y51< 3 ~ - e

(- - -

} . ‘ i.

B. Chloramine T Method . -
. ~ ” | - \‘ ' |
_Chloramine T is ‘'the sodium salt of N-monochloro-p-toluene

=

-

sulfonamide. It is a mild oxidizing agent\and in methods described
by Hunter and»Greenword’°""a simple and rapiu method was.ihtroduged

.. for the preparat1on of 13- labeled human qrowth-hornon% at relat1ve1y

47

high levels of spec1f1c act1v1ty (300 uCl/Lg) They found approx1-' .

,mateﬁy -a 70% trapsfer of the 131 to the prote1n u51’g 10w amounts
‘

" of carr1er free radioiodine and smal] quéntittes of the pr?te1n The

1

' degree of . chem1cal suﬁst1tut1on 1s minfmel (0 S"to 1 Q atoms of
1od1ne molecule !) and there was nocepparent degradation of the ; /‘
molecule;- as it proved to be ihnmnoﬂogica]lx(1dent1cal with’ unlabe1ed
_hormone This property deteriorated of course. as either higher

lspecifwc act]vities or chem1cal Substftutjon was attained,

The actuel procedurﬁ consisteo of reactin§ the various components

““_fn a rubber»capped viel in which 2 mCi of "‘I uas shipped 71 To

o owag added 0\025 m1 of 0 SM phosphate buffer (pH 7. 5) (3 »9 of human "

: growth hormone foi!owed hy 100 ug of fresh]y prepared chloramfno‘T ‘

'j:eech 1n 0 025 ml of the phosphote boffer.k The contents uore brief!y

o ‘mfxed. then 0. 1 ml of 2 2 ‘ mg/ml solotion of soddum motabisulphite

-

¥
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in buffer was added, wh1ch acted as a reducvng agent th ha?t the

1od1nat10n. The residual iodide was then d11uted with .2 ml‘of | .
‘ e
10 mg/m)l potassium 1od1de so]ut1onxand the total reaction mixture

was eluted through a Sephadex G-50 to sepagéte the protein-bound

fractﬁon from the. unbound iodide. The labeling.efficiency wa%

found to be timé dependent and the amdunt of chloramine T used was

~.

ctitical.”! This procedure caused denaturation of some proteins, (92

N | ‘ , . ’ \
however, particular1y if high spequic activity iodine was used

A modified, approach was 1ntroduced by McConahey and [)1xon'\72 to -

"m1n1m1ze denaturatien by uswng lower ch]oram1ne T concentrat1ons and T

- longer react1on times. F1fty d1fferent proteins were 1od1nated

oxidizing agent were necessary since the.number of reducing groups ;

:.been labeled. *

«

to 90% 1abe11ng depend1ng on the protein. Varying amountslof

USihg‘from SO g to 1000 ug of ch]éram1ne T w1th anywhere from 40

7

in each protefn which could interfere with iodination varied -
bl . .
| e '

-

considerably . .

U51ng these gent1er mthods Lamoureux et‘al 7 ]abeied bov1n

encepha11togen1c polypeptide to study its immunological propert4es.

3 The biological act1v1ty was found to remain In;act and nn hydro]ysis '
~of this prote1n, it. wq§ noted that hfstidine as well»as tyrosine had |

NN

‘ ,.ei L T AT
A comparativa'study'on the prbperties Of plabna Iipo%prot91ns

~1od1nated by the ioﬁine monochlocjde and the ¢hloramine T method has T.f.
been carried out. by Sundaram and his group."' They concluded that no. e,¥7;_j

;one methog was 5uperior and thb behpviour of the 1ipo prote{ns was

P

. . P N et et N . . . . - - Y

-

BEL N DOREENN

s 'una!tered and 1dentica1 regardless of the procedure TheAiod’ne e ._’1‘3; o
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. N - \ ‘ N v
rorochloride rethod.(hcwcver, preved to be SCoehat easier ung ogyve
v\ - -
rare re;yeducible reoults. Y
“ Al : .
- 7 " l j
. . i . X N * ~
C. Enzytiatic LMoY hode T, f L‘adioi(,'d\{.aii(m : ' . .
/

£ '
LDue to the ever-present qdanuer ¢f prote1n denaturaticn using the
: i .

chioramine T or dodine rorochloride methods of 1odwwat1 n, a qent }o

means of high suec1f1c uC\1V ity Jodinatien wes scuaht, Enzvmatic

1od1nat1ons have becn jyrown since 1044, vhen Veston,’5

uainq'crdde
‘:n1ytures containing various wero>1dase° and p~r0>}d0 or pecoxidgl
,.gvncrdtIHU svstems éroduced 1od1nated vr0°1re The d;occssifnvo1ves
.the ox1dat1on of Tndkde to jodine enrvnatica]" \ '! C

(

The perox1da§c S, a widely distributed aroup of enzvres‘ are
~ \ ~ |
found in fun01 bacter1a, a]1 mamma1s and h1nhcr nlt ts, Most
7

revweus suqqest lhdt.a cowmon reactwon meéhen1sn ex1<ts for ox1dat1ons

b,

cata]yred hy al} pero>1dascs and that a]l peroxcdases partrcwpate in

~

‘ . 1

the same 1ypes of react1ons 761 Hemoproteins and copper prote1ns wwl} ;

N

also er!lb t pCfOA1dGSC act1v1ty, but not to the same sdec1f1c;ty cﬂd
:these have beeg termed/pseudoperox1déses ’7__Four true peroxﬁdases |
~ have been 1so1ated and pur1f1ed in mammalian tisEue the fami]far
thyro1d peroxwdaSe mye]operox1dase present . in whwte celTs, g#uta-f"
thione perox1dase wn1ch is w1de1y dwstr1butqd and lactoperox1dasee'
f’which 15 localized “in the mammary, sa11vary and 1acrxma1 g]ands 7.
Marcho]on1s was able to trace 1abe1 1mmunoglobu]ins and other;i;
L’serum protewns uswnq Iactopefoaidel hydrngen perox1de and iod1de."
;bawwa G-1mmunogldbulin was' labeTed,to @ spec1f1c act1v1ty df 5 uCl/uq

"‘wath no apparent denaturat1on. He concluded the 1od1nat10n was takinq

e



T of. the reaction between the I

place on the tyrosyl residues and the degree ofilabeling diftered in

{

various proteins probably due to conformationa) Fhandes. Lactoperoxi-

dase iodinated much more readily than horseradfsh peroxidase, an
enzyme of plart origin, s The radioiodination react1on was carried
out at room temperature and cons1sted of adding in rapId succession,
the radioactive }ed1ne—125,-250 1. of polypeptide orlprote1n\ 1.25 14
1aetoperoxidase and 1 L]IB.R‘mM hydrogen peroxide. lThe reaction was
terminated wirh the additian of eitﬁer"O.E w ﬂ% 5 mM cysteine or
SlmM 2-mercaptoeth@nol 78 L “ A LT |
.. "

Thore]] and Joharsson’?® have successfully 12beled a ‘number of
polygept1des 1nq¢je1ng 1nsu11n, human qrowth hormone human fo111c1e
st1mu1at1ng hormones', human Yuteinizing . hormone and thyrotropin, to
high spec1f1c dct1v1t1es us1ng a modification of this method 7

‘ Leve]s of iod1ne substitution ranged from 0 5 ;o 1.5 atoms‘per mole,
or protein andLact1v1t1es of 300 pC1/L9 were’ realwzed " The meactio;
T was successfu) at pH. leve%s of 3 to 8 and 80% b1nd1n9 was obta1ned
with no apprec1ab1e loss in the 1mmuno1ogica1 behav1qur observed

Bayse M1chaels and Morrison made a comp]ete study 1nto the

. peroxwdase tatalyzed iodination of tyros1ne and tyros1ne conta1n1nq _

peptides 80,01 This group found thata f1 1actoper0xidase caih]ﬁ@!d

the d1rect 1od1nation of tyrosine‘ wh11e horseradash perox)dase

e and the iodinatlon was a: resu1t :

s

<-cata3yzed the oxidatioh af 16'

./

| ~¢'a1so a cIear indication of - stereospecifxcity in the two peroxidasesu

Lactoperoxidases iodinated the b= 1somer more readily than the B-""

.-1somer wnile the oppos1te was true for the horserad1sh péroxidase '3

¢ . - - .

R

50

~

~

“.

and the phenol1c group." ~There was r_:f‘ﬂ
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~They found thts procedure was non- degrad1nq to the protein and,

51

. The basic method of Marcholonis’® has been utilized on other
proteins as well. Prolactin has been iodinated by this procedure

and the reaction'parameters studied indicatéd that by decreasing

.. the hydrogen peroxide, and incfeasing;thefenzyme and the reaction

time, excellent bindina was obtained with high specific activity.
The biological activity remained intact.®?
‘In screening all the common methods of radiciodination of

v

fibrfnoqen Krohn and‘We]ch have chosen the 1actoperoxidas° method.®?"

a]thouqh a sma]] y1e1d of 1odoh15t1d1ne was noted, it appeared more

~specific for:® tyroszne.' The stab111ty of the product was more pro-

nounced than that ef the other methods at comparable specific’

activities,

«

-

The eiectrolytic process as orvg1na11y descrtbed by Rosa® was

D. E}ectrolytic Method of Radioiodinationl ”

-

“found to have several advantages aver the convent10na] chem1ca1

.ox1dat10n~or tsotOpe exchange methods These advantages 1ne1uded : i

A}

no need of us1ng oxidizing agents, whith provided " certain control

~over the liberation of 1od1ne ‘and the possibiltty of u51ng d11ute ‘

salutions of carr1er 1od1ne (K1Y which allowed the amounts of" fodine

’ 1ntroduced 1nto the protein mo]ecule to be reduced for the same

: ﬁgpecific activ1ty Thls method of course, removed.the direct contact

| f\de brldges ' o '.- L N

of polypeptldes w1th ox1dizin9(agents and thus- reduced the danger of

oxtdxztng other proteln constltuents suth as the: breaktng of d1su1- ”



Rosa's technique involved the electrolysis of a K‘ill solution
to produce elemental iodine and thus. Tabel *human fibrfﬁgqen. This
process was carried out at neutrality in the presence of physiological
saline. A constant current was fed to a e]ectrofytic cell consistino
of a glass beaker with a cyiindrical platinum sheet coating the inside.
as the anode; the cathode‘was a fine~p1&tinum wire in-a qlass tube
support, whose lowar end is closed by a cellophane dialysis membrane

[

"/Q£\482 pore <size. Thé reaction mixture we. ¢ 1prised of 190 rg.cf
fibrinogen in nprma1 saline, and‘2.5 x 107*M ¥I in 10 ml- labeled at‘
tracer levels with 3], The cathodic compartment was filled with

| the same KI solution.® ' -

‘\  The yield of iodinated product remdipge chstant-at currents

'y between 100 ..A and 500 1A, but for Higherlgfrrept vq1ueswthe iodine

; loss was significapt‘and,deqradation prpdué‘s wg}e noticed. Most‘ot

; the iodinations yerevcarried out at 300 pﬁ for thirty‘minutes with a

% - 73-77% yield at'specific'activ1ties of 50 pCi/mg. There was gb

! denaturation of the tibrinbgen observed.®

| ‘Subsequent experiments by this group using human albumin pointed

: to a more comp]ete understand1ng of the gonstant current electro1y51s

1od1nat1on .of po]ypept]des “A 100” theoret1ca1 yield could be .

I

obtalned with the anodwc d1scharge of the. 1od1de jons- be1nq the

uten atoms of 1od1ne could be’ 1ntroduced into the ;1bum1n mo]ecule

P

A
i rate 11m1t1ng step in the whole process "It was found that up to
|

. us1ng ]ow current values with 1o apparent structura1damage observed ; .

. A platinum cruc1b1e was, used in these expertments and a ]ower '

Y

|- 11m1t of carrier 1od1de was term1ned to be 5 X 10 v M for

. T /



. .
1

elemental 1odine to be generated at a 100" gurrent yield. The bH was
normally édjusced to 7.and the tewbefature was controlled to about R®
to 10 (.7

Rosa et al.® fapgd that prolonced e]éctro]ysis had no effect on

-

the protein but did not enhance the bonding once a maximum had been
reached. The entire process was reproducible and even predictanle
ddc to the rcoxidation of the reduced iodine at the anode. The
iodination proce;ded even {n the presence f ~ducing agents, although
a longer electrolysis time waé.‘heﬁ required.

‘Katz and Bonorris repeated® the original work of Rosa, except that

!

8% These workers

they used higher currerts and av1arger anodic surface.
obtained yields in the 8C to 907 range if the current was adJusted to
éf'—-\Tﬁe biological stud1es on the1r 1od1nated aﬂbun1n and’
alpha amylase showed 1t to be of superior quality when compared to’
those obtained by thc ICI method
Insu¥in was successfu]ly iodinated in 1969 by Pénnisi and Rosa
using mod1f1cat1ons of the1r first cell and us1ng much 1ower current -,
va]ueé.85 They introduced an average oﬁbs1x atoms of 1odine éer mole
of insulin w1;h no degradat1on and attained %neldswof 90%. In the
case of inéu}in, it was found ihé£ cufrents ﬁn excess of 100 pA
.52%ya11y gave'les§ iodinated product @han exéected and it was assumed o
that thke iodine inébrporation ratevinto.inSUlin was §1ower than otﬁer(
fproteins-and cerfain?y Sower than the formation ratef’ It wasvalso N
'noted that a;.h1gher 1od1nac1on\rates d110dopyros1ne and iodohistidine

were detected as well as the monoiodotyrosme.'.s These find1ngs

conf1rmed the work of Cove!f and Wolf' who had prev1ously detected

¢

Y

LI - BN



substantial amounts of iodinated hi;tidine n bovine inSU]iIDWhen
labeled with cxtensive amounts of iodine. A &icyo-electro1ytic
procedure was develored in 1971 by Donabedian and his-associates
permitting tne fodinaticn of minute amounts of hormones with ‘251

to high specif{c act;vity.g7 Microgran quantities of porcine
insulin, huran growth hormore and thyroid-s%imu]ating hormone were
e]ectro]yticaT]y\]aboled at one iodine atom per molecule using a
minute teffon cell 4 mm in diameter and'S nir deep. The anodé»w?s
a piece of platinum foil at the’base and the ca;pode,’which ajso
revolved to accomplish mxing, was a fine p]at1n";wire. The
electrolysis was conducted at 22 o w1th a constant current ot 5 LA
fof forty- f1ve minutes us1ng a rat1o of one atom of 1od1ne from
Na'?5] :0 one molecule of hormone. The produ;ts retained the1r
immune reactivity amd when used in radioimmunoaosays optimum disolace—
ment of the un]abeled'hcrmoné-resulteo’°’

Parathyro1d hormone is very sen51t1ve to ox1dants and thus the
usoo} chem1ca].methodsrresulfgo in degradat1on of the molecu1e An

e]ectrolytic procedure uti]1z1ng Rosa' S'technique‘ was conducted by

Sammon et ac;i/nlgn' 1t was found that 50% of the bio'lo‘g'iceﬂ
Sa

activity had ppeared from the product and th1s was assumed to be
_ due to oxidation of “the parathyroid hormone when §Qe iodinated °
hormone was treated'w1th mild reduc1ng agents a partiaI restoration

of the b1olog}€a1 a;t1v1ty was fbund Acc0rd1ngly voltage-time

relat1onsh1ps were adjusted to minimize oxidation due to e?ectrolysis,

It was concluded that 1f the vo]tage was kept below 800 mV and. the -

'electroly51s run for thirty mwnytes an undamaged hlghly.]abe]ed

a

54



hormone resulted. The yield reached 97° radio-iodine labels on a

fully intact molecule.®®

IV. Mistidine Cheristry

PR

Various workers in the routine iodination of proteins have noticed .

a higher degree of iodination than would be expected if only the tyrosy?
entities were being labeled. This is due”to the concomi tant iodination
of the imidazole ring of histidine. Li®° neasured the rate of histidine

\

iodination and he has-showﬁ that upder norma]'iodinatinq conditions it
is probably the on1y:other aminc acidklikcly to be substituted,
a]though_tryptophan_may be destroyed.

The imidazole ring is a_tautoméric;structure which can ekist-in
vfifteen resonance forms.®® ..It is very staplelchémica1ly and exhibits
a typical .aromatic behayiour. It contains a sextet of electrons, but'
in contrast to a benzene system:where-éach methene group contMibutes
on m electron, the rtﬁg partnecc in @ hetérécyc15c compound do not
make equal_contributions'to the resoqahce system. The méthéne groups
- and the tcrtiary.nitrogen contrfpute one_é]éctron each ih‘contraSt to
the imino group which is the soufRe of two electrons. The gyrroie or
imino n11rogen is ac1d1c in character by v1rtue of the electnon
dvstr1but1on wh1ch g1ves 1t a p051t1ve charge and thus fac111tates
_proton release. X

The tertiary nitrogen, Whlch is characteristic of the azoles,
imparts the basic properties to the 1m1dazole and are str1kingly

51m11ar to those of the nwtrogen in pyradine Tbis function has been

.Ades1gnated as the pyridine nttrogen.
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The presence of the pyrrole and pyridine. nitrogens explains the
amphotericcqua]ity of the structure. A deactivéting influence could
be expected toward electrophilic reagents, caused by the pyridine

nitrogen, but this is offset by the elec}ron releasing properties ‘

of the pyrrole nitrogen.®®

HC. CH

. -l
HC. . N

The imidazole containing amino acid, hjstidine3 cannot be
~synthesized by most mammals\énd therefore L-histidine is considered
an esserntial amino‘acid."This.Zwitterjon has an isoelectric point
of pH 7.2 aﬁd p1ays'an importaht'r51e in hemoglobin‘formationl Thé
histidine unit in the globin molecule forms the‘bond with the hem%n

molecule through the imidazole nitrogen and the.iron* atom.®®

'
,

A. Halogenation _ 0 o

Some of the or1g1na1 work carraed out on the 1odoh15t1d\ne and 1ts
derwatwves ?rought forth a number of 1nterest1ng pomts .Brunings®
‘p01nted out that the :odwnat1on of histidine is c0ntrary to the
brom1nation or chlor1nation of .this resvdue Mono—lodtnation occurred»i
: :.in the two carbon pos1t10n preferent1a11y while brom1nation or. ch10r1-
nation occurred,at ‘the foqr or,fmve'posit1on. 1t wa; assumed, there-_f'

“

fore, that iodination wis not a simple electrophilic substitution on -



the carbon and involves a corplex ferration rechanism,  Pruning
suggested a primary N-bonded intcrn%diate‘on the;imﬁno groub with
a subsequent base catalyzed rearrangeient,®® . : C
There are.a nuuber of roquirenénts for this successful iodinel
bond according to Eruning.*® The imino n%t(ogen has to be ffee,-an
atkaline wedium is prcferred.’ In the prcs?nce\Of an oxidant thev
reaction proceeds more ‘pvuurabTy and it would apﬁear that atémic I

fcdine is the attacking species on the imicdazolium anion,

— \ + I- ,

N ’ N ‘ ‘

7N L AN oo N

He e i I SN T
7 » . | I - . | N '

HC o N HC N HCf-~—JN-

. Al ‘..
»rearrqngcmen& .
. HC// \\f 1.
| S
HcfkmN - N )

"The ibdohjstidfne'product has ag incredse ih the bseudbaéidic.
character of the molecule due to the lntroduction of e]ectronegat1ve
ubstltuents The carbon iodine bond is.much more res1stant on. the

carbon 2 than in the four or f1ve posmt1on ’° SN

-Although 1odohzst1d1ne have been suSpected‘in‘brOteins‘aftera

»1od1nat1on pchedures were ‘carried out 1n igr Rache et al al 9 was '

'the first to demonstraie their presencg in globin and thyroblobulin.

From 1966 1969 Cove111 and Wolf demonstrated the formation of iodo-' ..-‘{‘;'

) h1st1dy1 residues in 1ysozymes,’? ribonuc?ease A” and 1nsolin “ o

e



These pfoteihs viere all iodinated at low temperature and: at a ph of
8.5 usina Tris-+C) buffer. They also suggested that. the presenceoof
phosphate 1on had a 5uppress1ve effect on_ the htst1d1ne 1od1nat1on
of rwbonuc]ease A and thus the reason foy using Tr1§'buffers 33 '
This group sumied up their work by outlining the var1ous factors that
control the iodination of the 1m1dazole ent1ty in vartous proteind.’"
In total there were thirteen various po]ypeptides,‘of hormonal or- -
eniymatic'function tested. The following c; . ~lusions were reached
1. Fewer hwst1dy] res1dues were jodinated than. tyrosy] r951dues at
| pH 8. 5 but the fract1on 1ncreases w1th the pH |
2.' The mechan1sm proceeds by a dwrect attack on the imigazolium
an1on contrary to Brun1nq's°° nttrogen 1odtne cntermedwate theory.
This is supported bry the f1nding the ster1ca31y h1ndered 2 t-
buty] imidazole is iodinated.

V4

3.  The degree of iodination of. the h1st1dy1 re51dues on any partacu]ar ”
| protein molecule is qutte dtfferent from aﬁ;ther 1nd1v1dua1 L
Amo]ecule due to conformat1ona1 or elec&rostatlc 1nf1uence
4, The h1st1d1ne spec1es is known to be an act1ve site of b1nd1nq,_‘
* and fa11ure to 1od1nate couid be due-to the btndtng.of small -
-rmolecules, hydrogen btnd1ng or ligand btnding (such as Zn**) ’f
| Mefa recent pub11cat1ons have exh1b1ted the labelgng of L-, B
fhistidiﬂh\ at neutral pH using the- 1odine-monochlor1de method LN J .
A comparison of the various methods of 1odination on free L- B
e;_h:stxdine L- tyrosune and various peptide combfnations was carried
._out by Krohn et al al v 1n his work with lactOperoxidase. Labeling

. was aCGOMplrsned with al techanues and hfstidine residues were

e e
§ . - . : . N o L
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iodinated quite substantially using chlofamine T, but to a lesser

)

\ . ;
degree enzyratically. There was ample evidence of iodohistidine

present in radioiodinated fibrinogen. ’ ~

\ e [
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I. Materials . . . . '

- : ’ \

A.  Antmais
“ o\ . N

: . ! 'y

Young male white mice of the Swiss IRC strain weighing 20-25 -

grams were usec throughout the study. The mice were-housed in a

relatively stress-free environment in groups of no more than six per
. . N . ] N -
~cage with food and water ad libitum,

B. 'CMmkaB o o -

"f Al chemicals were of A.C. S. spec1f1cat1ons and triple d1st111ed

“war was used throughout the- expemment,s | g o ) .
The followwng chéh1cals were purchased from Fwsher Scﬂent1f1c
Co. Ltd., Fair Lawn, New Jersey : ',? -
'1)4 Pota551um Iod1de (KI) Hdlecufar we1ght 166 01 A' A 7
| ‘ Lot number 724913 A *, :
é) e‘Sodwum chlor1de u. S P (NaCl) *MolecuIar weight ’58 44 N ‘f
| R e ‘ Lot number 781914 F\‘l |

”»3) Ammonium,Acetate (CH COONHg) Mo!ecular.weﬂght 77. 08

. R (.ot number 731022 .
- 4) ? Tham R. rr1s Hydroxymethyl aminomethane c u,,no, B ' . :
L S Lot lﬂ{uber 726519

. ']5)“- Other manufacturers ei“ ‘ﬁ_“ } wo S

N

Methano1 (99. 5% CH H) was supplied by'McArthur Chemical Co..,

3

-b'. Ethano!. (95'/ c,n,,on) McArthur Chemicﬂ Co Ltd.. Montreal

L d., Montr'ea] .\ \‘ . B ‘
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',‘calcaum

Luffer Julut1or.g, - .

Elecomyein comnlex: - blenorane "
_Ne\: York, The Tyouhilized co”t_on;‘of the vial contains 15 units
of bleouycin ccun7ci and in actual weinht was .4 mg. A tynical

.bdtrh Contu1n‘ he Az, 12.27 A], 6 o A,.; 1.7° A;, 4 4 Bl’

L ‘ T : ,
Ltd. <ayracusg, New York. - - . .y

- Chromatographic Material o B

© BD.H. Chemicals Ltd. " in Poole, England, lot number 1906960
vas 604120 Mesh. R ks

: tx‘a/a"s'.ffa f

ﬂtﬁdS'

)

¢. HCY concentrate Yot rurber 705101 cypnlicd by Fisher

Scientitic Co. Ltd. « Thic s diluted in'500 ml to give o

. \or{1n1 nu?atiou ot 1 HCTY. ‘-

’ . ;
uff<r sclutions .Lre naﬁf un acco|g1nq te the Puffer

vﬂ1utlun table contained in f(lg/ Tables,
The bulter ranne was frow o 7.2 o - a0, . .
A u :
h. Eristcl Latoratories, ef Syracuse,

-~

109 B? andg? Bu. - f .
I . .\

BleOmycin.nure A standuid WeS . ﬂupleed by 'the l1ppo deaPu Co.

of ToPyQ; Japan and was a qenerous gwft from Dr1stol Laborator1es

-

. : _ o
'}>§rca Ge) for co1umn adsorpﬁwon chronatoqraphy was pchhased from

"k1eslegel R for tth Yayer chromatography was supplled by Camag
”of Sw:tzerland wtth an ultra v1olet indicator aﬂdéd A binder of

fate (CaSO. ZH 0, McArthur Chemical Co. ttd.. Montreai)
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~—

©
g

,micfofihbr 'm;PLQHCtCu with a. f1nL 5111(a gel. They were in

~ Radioisotopes ©. . . _‘,f P

CCobodi s G107 This T a beod forred deytron ael prepared by
i ’ * i

croco=linhing selected dortran fractions with epichlorbydrin rd

5

Ssutplie by Phore oo of Dorval, Duerec, “The dry particle

AY '

divteter vonncs frov A to 120 ricrony ard the cel has p water
: v , : -

reciin velue of one,

' N

Sepbuadex 0217 has o frecticretion Tanue or molecular eyclu-

S . , .
sion' Vimit of 7000000 podecu)er weiaht for rolypeptide or

r

alobular proteins . . o N R
Ecstien Uhremacrer Sheets =6CEY are synulied L'y thé Egstman ¥Vodak

Co. of Fochecter, Mew York. These consist of 20 'x 20 cm sheets

J

of fint <iliea ael on a mylar (poiyethy1ene terephthalate) suprort.

The silice is approximate1x 160 microns in thickness.

-~

Celnan 1TLC fG R strips, lot nuubcr ?O(Pl were supplied by the

‘Ge]man ‘vstrum(nt Co of Arn ﬁrhov P ch1nan These are a glass

| N

5 x 20 e strwpa - . ¥ o ' -

-~ v

. Dowex 1 x & Anlon Exchange Res1n T
\ Purcha ed from B1okad Labgrator1esvof Richmqﬁd,‘Caltfornda,ftﬁis k
_ Qeak ahion-exchanhe resin c0nsists Of'beads of a polystyrene

.matr1x w1th quaternary functlona] qroups in the ch1or1de form

\

It 1s the 1arqc pore size of 3 100- 200 mesh. . °<'f | i

»

i

-
, g N

é,fqodine 125 - This wés supplied from ICN.Pharmaceuticar of Irvine,,f“
’f_Ca?1forn1a in the form of Na’z‘l carrier. free A specifrc activity

‘_ af1540;mCJ/m1 was regglved,1n 02 'm of IN NaOH This isotOpe was



II.

1)

A
‘

immediately di]uted to .2 ml with 1IN haOH and assayed for

rad1oc#er1cal and radlonuc11d1c 1Ppur4t1es The solution was

A

“then frozen,until used.

1

Technetium 28m - This nuclide was supplied from a Mew Ena]ano :
Nuclear *°!o -99re generator Lot number 752202-1/5 of Boston,
Massachusetts The eluate was assayed for rad10chem1ca1 and

radionuclidic purity an# the yield of **MTc was measured with

. 4

an Isotope Calibrdtor model 34-C°5 '“uclear Associates,

3

Westbury, N.Y.).

Chromatographic»TEchnigUes o ‘ <

Bleomygin A,' Isolation with Silica Gel Column

‘ The sepaﬁation of the'various sub-fractions of b1eom}cin on ‘

thin Jaye? chromatography using-a 10% ammonwum acetate methano1 ,

Y

(1 1) so1vent 1s we]l documented and servesas a method of

e 1dent1flcatton te. The A, sub fract1on betng the most dbundant

A

'ang apparently the most speciftc and least toxic has an- R of 4

. This value As determmed oy meaSuring t‘w'hce the materia1

in questton migrates on.the medtum comoared to the distance the

~solvent frost moves from a po1nt of ortg\n Tano_cao be Vy‘

rpresented by the formula - L

\'t

dtstance fro'n origin to’ spot centre .
distance to so1vent front from omgm R

. . R‘

~
d,

ad
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This serparation depends on the polarity of the compbund in
question and the polarity of the mobile phase (sQlvent) of the
system as well as the adsorbant attraction between the stationary
phase {silica) and the compound.

Blenoxane p', the commercially available copper-free
bleomycin complex, contains only seven sub-fractions of yhich the
A, makes up about 53° of the total weight. On the basis of the |
wide. separat1on ot the Rf value of the A, from the rest of the
complex, it could be possible to isolate it from the othe¥ .
components with silica gel column chromatography.

Silica gel was triple washed alternate1y in IN HQ] and

distilied water to remove tore1qn organic mater1a] The gel was

. then washed with &bsolute methanol and left to hydrate in the

tour hours.’ o o . S

solvent system of 10%Z ammonium acetate:methanol (1:1) for twenty-

A K9/60 (.9 x 60 cm) aéry]ie column (Pharpacie,_uorval, <~w~\
Quebec). was packed with a slurry of the washed silica gel using /.. -

a slow continuous pour. A Vortex mixer was. used to vibrate the

~ column base quite vquroUs]y during the bouring proéedﬂre. This

me thod 1nsured very tight compact1on of the ge1 with-a minimum

of fracturese air pockets or bubbles and channe11ng The above

-

techn1que also provvded a flow rate of never more than 0.1 ml,

- 1

m1nute" on numerous separat1ons This tight,packtng was necessary

. for abso1ute separation

A sqlum1on Of bleomyc1n comp]ex (B]enqxane R) was . made con-

ta1n1n§ 8. 4=mq/ 5 m. An alwquot of th1s solutfon (.2 ml) was.

'f.'appl1ed to éhe 51lica column.-r

l‘ .
i !
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The colurn effluent was monitored by passing it through a
1 99 quartz flow cell in a Ceckman Model DB ultraviolet spectro-
photoreter (teckman Instruvents Ltd., Fulerton, Califcrnia), set

at a wavelength of 254 o A matching 1 crg@artz flow cell

filled with solvent was used assthe referenc€. Results of -

" absorbance were record:2d autcmatically on'a 10" Beckman Recorder

(Beckman Instruments Ltd., Fulerton, California).
i

Sephadex G-10.Purification
The fractions of eluate from the silica column were colfacted
and concentrated in a warm water bathk, under a stream of éik, ddwn
to a velume.of approxima%e]y 0.2 ml. ®
A X9/15 (0.9 «x 15 cmy acrylic c¢oluinn (Pharmacia, Dorval, _ ' K
Quebgc) was packed dsinq 3 Kﬁﬁwt+nuou§ ~our method, using slight

coluhn vibration, with a §@phadex G-10 slurry. - This gel slurry

‘had been previously hydrated for kwenty—four-hqurs in tripke-

distilled water. The various concentrated fractioné from the

s111ca ge10po1umn were applied to. this column and deve}oped us1nq
d1st111ed waten as the szﬂvent Au&]n the eluates were passed
through a 1 cm QUaétz flow ce11 and bsorbance mon1tored u51na
the Beckman DB speétrophotoﬁﬁ.br at 25; nm. ‘This method served

c effectwe]y de sélt the fract' s and also gave a profﬂe of

the var\ous component presen in each raction

An aqueous solut1on of Bleomycin A, standard containing

L

5 mg/m] was also made and .2 ml of this’ teria] was ‘also app11ed B

- J

.to}fhe-§éphadex G:}O column as q_refefence' o

.
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The focctiors frossthe colun vore coneertreted LOIRO 4 4o

Later Lotk ar e ey streen thoabiacr ately PO el oond freern

dried i e i) proceren. ThiS rathod was very tine-
. \A '
. B . 4 . »

Congur i ord resaitog an the Toss of oroguet. Subnercent

< . . . R a 4 . ‘
purifications drvolved the cencentraticr ¢
L]
drynecse e denomibed aoove. TRy resicdus we

the eluate to near
thon diacotved 1n

’ 1
¢ Wl of rethercd ona cercentrated to 00 el it Feon tler 4o

of Jre-cnd ded Coethinel wac adaed ) 2 fine white (rvet Noine

precipitnte Toriad, The supernetont o Mepoved with o pipette
. L oo
andothe creotale tren dried in e dognicatdp'cverniﬂht; Thecp
¢ ! -’b' . .
residuce were then re-discolved in overy snall volusee of distilled

vater (026 w1 and ddertaified as to compesiticn by chromatoaranhic

- aralysia.
. L 4

3 . .
1) Thin Laver Chre-gdoaraphic (tic) Astays : o .
a., Nor-radioa¢tive technigues on tlc (alass)
Glass nfﬁted 2 mm thick (5 x 20 c¢m) were coated to a
f' " uniform thickness of .5 am using a 0u1ck Fit P]ate Spreader

1

.(qucl‘Frt Instrument Co. Ltd. Enn]and) The s]urry was’

. prepdredw,sziﬁ‘am of Kwsl&qe\}\g\~ w th uv indicator,

. .3 an ca1c1un sulfate and 120 m1\ng dwsti]led.water The,

'nplates were a\r-dryed and stor7d‘1n ) deswccqton unti)

<

renuzted - o

. . _"‘

]

I B1ebmyu1n tompqex (Blenoxane WA, dis%o]ved in
‘ (,. .  d1st111ed wa;ersto méte solutlons of 8 4 mq/m] and b]eonwcin
A standard was dissblved in water $o mke a solution of

' '.". .5 mg/ml. Both these d11ut1ons were sgztted on the tic plates

L

3 N
» . . . . .
N . .
. S .
v Lo @ -

"

v

s
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to confirm R¢ values reported in the literature and #fso as
standards for identification of unknown bleomycin complex
solutions. The gpots ‘were kept to 2 mm in diameter and
dried with a aentle air stream. Approximately .015 ml was *
‘'used tor each spot.

The plates were developed in 3 convent{onal qlass
chromatography tﬁnk using freshly prepared solvent which was
allowed to equilibrate in the tank for twent§-four hours. The
plates were deve\oped to a distance & 10 cm and thelspots
detected with & short wéve ultraviolet lamp, |
Radioactive or Radiochemical Assays on t1c (G]ass)

2 An identical procedure ﬂg/}the prepard*1on spott1nq and
development of the p]ates was followed wwth the rad1olabe1ed
b]eonwctn. This chromatpgraphwc4techn1que was used to not
only determine which sub~fraction of the cdmplex was beiﬁb/
)prefertntia11y jodinated but alsp as an accurate determina-
tion ofAregeothemical-purity of the resction proéupt. This
method also served:to distinguish any differences in mtqra4

1ona1 behavaour of the mo1ecule after labeling, as comparedw
 to the un1abe1ed material, and woulq.a]so exh1b1t the
presence of-degradation products 1#'any. f ’5
| In the treatment of’ the radioactive plate assays ten
.I cm segments1were marked off and each section of ggi scraped |
1nto individual-BioV1als (Beckman Instrumtnts Limited, ' '

-’"Wuqﬁuh Jne: actmty of each vial was. ""“
K1ifothial,

Fq]grtbn;

- _ determihed using t!\! Bezkman Btogamm (Beckmn lnstruments

Lk
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Limited, Fulerten, California). window settings on this
instruments were automatically set, using the '’°| module
supplied with the spectrometer, to count the twin eneray
peaks of 281 with an efficiency of 84<. This value was
" determined using a known specific activity‘standard. Due |
to the sdpplicity of operation; high counting e’ficiency
and ease of sémp]e handling, this instrument was used -on
all thin layer procedures assayc thrauckout the pkoject‘
A1l calculations for radiochemicd] purity on tlc
systehs were based on the tota) plate count method. The .
tota] act1v1ty on the plate was considered to be 100% of
the act1v1ty spotted on the plate and a11 seaqments were
'then 1nterpreted as percentaqes o.‘shat total.. Th1s method
accounts for all res1dual activity on the chromatoorom and
yields. a more accurate value for }he.bound and unbound

, ]
‘isotope.

EN

v : : ]
Eastman Chromagrams tor Radioéhemical Purity .o

The 20 'x 20 cm sheets were cut into strtps approxtmate]y o
d 1.5 cm in width. - The strwps were spotted ;E prevtl.l\y des-
’crtbed aod'deVZIOped Gsing 95¢ ethanol as the solviit jn
2 5 x 15 em glass test tubes._ The mylar-backed strtps were
V'he1d in plack.in the solvent using split corks and d!veloped
%o 10 e, , After air drying, ten equ&I segmants were then -
ii‘cut at 1 cm 1ntervals placed 1n Bio Yia]s R and the seguant
activvty determined using the lgcknan Btogamma All azsays |

sing thts syst.n |br radiochemical purity were run 1n f'T"
A .

..','



triplicate at various time intervals, during, and at toe
termination of iodination procedures. | »
d. Gelman ITLC P -SG Assays tor Radiochemical Purity |
The 5 x 20 cm strips of glass microfiber were cut to fit

ﬁjthe Seprachrom Chamber }Ge]wan Instruments, Ann Arbor,
Michigan). . They were spotted with approximately 0.005 m]
of compound and developed in 95 ‘ethanol until the solvent

- frant reached the pre-dawn line of the chambér. This me thod
was very raoid and was complete in sgven mioutes compéred to
seventy-five minotes for the Eastman chromograms. The §trips
were airfdryed, cut into five equa’ seaments, placed in BYo

" Vials and‘the activity ccunted in the Beckman Biogamma.

70

Again all radiochemical determinations were run in triplicate

at different time intervals.

4) ' Dowex ] X 4-Ion'Exchange Reéin

- > e

-This maféria1'was hydrated and stered umtil use in .IN HC1 to

'of Ere dodination procedures to, remove any free iod1de from . the

reactlon mixture ‘,A . ; - L [

( -
Five ml syrinqe barre1s were used as columns and fitted g1ass ‘

‘"»jfrit discs were p!aced above and be!ow the Dowex 1 x -4 bead bed

H

'This maiﬁtafned the bed beld which was opproximatg 2 g1 thick,

retatn 1t in the ch1or1de form It'was dsed in ‘the terminal step

‘?1n a stationary posftion during rinsinq or. backwashing operatinns..

':‘The syringes uere tben t)amped ffr!ﬂy fo fanobilize them in’ an

' rts%n uns uashed to_ o

f uprfght poswtfon e?d thc anion.slﬁffj s
o -neytra!ity using disti!)ed water Just rior to use. l%l Qxcesa

.‘\
-
-

Coa
e :




e,

Clodine-1257 . o

€. .

vater was forced froe the Lead bed With @iy prescire and then the
] L © ;
_ . o

react om rirture of tound ard urbouwed iﬁdine vas annlied to the
\ !

resin. Lree the Toauid wes apnlied-ard migrated into the resin

¢ .

the syrince wus cannod ot the 1oufr-end and exchanae allowed to
‘take placc. After ten rirutes the bound compound was forced from

the bead bed with air pecosure to the top of the co]umn; Awwash
solutien of .5 ml of distilled wetes was then applied and moved”
back and forth throuah the beads, usina a syrinne nluncer and
finally exne]1ﬁd nitﬁ‘%§r nrQSSufe and pcoled with the beund

v

compound.,

fuality tontrol of Radioisotones

:a. Radionutlidi% Purity
| The enerny spertfum of the stocl Na‘751 so]ut10n was
determ1nod u51nq a Nal (T1) detector D The spectrum. was '
4stored in a nu1t1channeL analyzer (Northern Sc1ent1f1c,‘:

-'Midd1eton l1SCOns1n) and recorded an the x -y plotter.

;. . The peaks obserVed in. f1cur§ i?n be attributed to the -
,35 KEV and the 60 KEV sum peaks,’ character1st1c of "sl No;{_ o
’radionucladic Jmpur1t1es';ere apparentu 3:'77 ! ;f7>} ':  f_

; b; '_Radiochémical Pur1ty SRR rr- f’"i?.  :: 1;.;- ;_;¥~;;“' 
| _. The radioiodinc 1n the fonm of Na"’l was chrom@toqraphed

: ;;11 ; f(g]ass support)‘to“/scerht1n rad:?chemicgl 1mpurtfjes usfng

. ‘the. desgrwed sowentlsystems.,, P T T .

PR
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These methods also served to later identify the iodide

or jodate activity that may be present 1nr!eaction mixtures.
2)  Technetium-99m . % M Co o . .
Y o 'I’ ) J "‘ .'_‘ ' -
a. Radionuclidic Purity ' L S .

: . L 4
The 'tests for radionticlidic. p#ity on the NEN *¥™Tc-’ -

generator were carrfed out to determine 1f any ”Mo’wes,
'present 3% The enerqgy of tre 99mTc rad1at1on (140 KEV) is -
much less than the enercetic’ gamna rays. of "Mo (740 KEV,
'>780 KEV) By adequately h1e1dinq the qenerator eluate
' v“' '* ample and counting in the 600 to 900 KEV range the presence
of ?°Mo may be detected A s1mu]ated 99Mo source cons1stinq
of 137Co was used as a- reference The reference and eluate
. : were counted in theqpame qeometry and total ”Mo present was.
| ‘falculated using the followan Vormuja f}l K 4 N

uC1 ”Mo (tota]) . uC* bf refgrence_g cpm of e{uate B
L net cpm'of reference ' L

_' -

- when this answer is divided by the m1111cur1es of "mTc the <
W Y .
S total ”Mo 1mpur1ty 1s determined.. Thé acceptab}e Ifmdt 15"

1 uCi "MOIMCi *‘mtc._ The pertechnatate fell within thls '-bu_ ft fﬁ
. -‘ a __‘_.‘, RN R £ _ :
11mit.,. : .‘* [ ;,‘t l»j#;’wrﬁ P ,._.n_j

v .
M LR

";bd~ Radiochem1cal Purity ."A'f : .'yg»';;ﬂﬁ -

spotm_lion_somn me amd .aeveagm usm Nm m :
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Fidyre 2

Radionuclidic Purity of Na!?%]

1

Relative
Activity .

-

Ay -Engrgy  Spectrum Obtained from Sodium I

odidé Scintillation Detestor '

s P . [ Lo . R A . -

v et K
- g"- 40w e

LN
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ETectro]ytic Radioiodination

" essentially the same as that,of PEnn1§1 and Rosa's®® second

e serves as the onode. The cathode is a th1n olat1num viire .

‘ , cell is supported by L Lucite stand positioned on an. ice

74

L]
N4

| reduced technetium in the +4 state will not migrate in this

solvent and remains at the origin as an impurity. The eluate

should conia?n 95" or more unreduced pertechnetate to be

considered ‘radiochemically acceptable.

Bieomycjh Labeling Procedures

Electro]yt1c Cell ’

- The baswc ce11 used in the e]ectrolytlc procedure 15

cell. it consists ot a platinum Croc{bie 25 mm infdiameter

by 25 mm in depth in Whico thefreaction takes p1é¢e and

.8 mm in d1ameter supported 1n a g}ass tube and: separated ,w,i :

.

' from the reactlon ﬂzxture in the anodfc compartment by a

‘cellopha dia]ysis membrane with a pore size of 48, A ,Thef o
¢ 3 o

bath contaaner and magnet1c stirring a%vice. o

. ‘¥E1ectronics

The Vodtaqg was supplted by two 1 S vo1t tyoe !D” dry~3 5 ﬂ“ {r{,

el btteries avuached so 4 constan: Voltage supply:” msi‘. ‘
.,er:fuas connected direct1y to the anode nnd cathode oenmina]s ST
‘. ef the cen as was » voltme*ter (Am“mu »\Ram DC?
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Multi Pange DC Microammeter, Model $M301, Armaco, Japan)
was iconnected to the cathode to measure'the current through

the cell electrolytic ce]]hand the -associated e]ectronics

are illustrated in figure 3.

Parameters Studied

.Knowing that it is possible to iodinate the imidazole

ring under certafnwcohditions,’“_it wasﬂnecessary,to study

‘n the following parameters under L hick optimum labeling could -
‘ be obta1ned | |

_(1) pH - Various pH cond1t1ons had to be opt1m1zed and of

" course, the closer to the phys1oloq1qpl oH the better
S1nce some researchers had experlencep d1ff1cu1ty using g
'ﬂhOSphate conta1nnnglcompqunds in fodinating histxdwhe,“
<Tris-C1 buffers were used thrOUqhout. ,
(2) 1 emperiture - The effecgs of temperature upon the 3
: . e1ectro)yt1c radro1od1nation procedure was determined

$

;an the range of 0°c to 25°c R ”t;_'gn.

:- (3). T1me - Since the 1od1nation of histﬁdine 1s nuch s1ower

reaction than that of tyrosine and there 1d?only ohe

ﬁ:} reSidue 1n b1eomyc1n that wi11 f

bend the time of ex905ure to. the electroTﬁl
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(5) Peptide - Carrier iodjde ratio. This ratio was varied
_to some extent, howevér the basic concept of the
procedure d1ctates that a 1:1 ratjo of KI b]eomyc1n

shou]d be 1dea1 v
General Procedure for E1ectrq1y;ic RPadtaiodination of
B]éom}cin' ' ’ |

A1 the platinum and_glass compohéhts wgfe washed

. ;horouqh?j in a_chromic acid bath and‘rinsed.with‘distiﬁ]ed :

.water.~.ﬁre§h1y prepared, precooled agueous solutions af

o carrie; iddide, JIN NaCl and Tris buffgr‘were QSéd éhf0uqh6ut,

© Once the bérametérs had beén estabiiéhed for a ﬁhrticularn"

Jeaciion a- b]ank run was carrled out using a]l the ingre- e

d1ents except the rad1oiod1ne Ihe react1on m1xture L |

consfsted of carrier 1od1de,~b1eomyc1n Az,or b1eomycin .

, complex in a Tris C} buffer at the deSIred ‘PH wh1ch s LN
' fin haCl This reactlon wys run to determine if molecu1ar e
' degradation of the bleomyc1n was occurr1ng dur1nd e]ectrol ‘l
1;-ys1s The var1ous Rf va}uesxof the produCt were compared '

’ .:tq an unreacxed b1eomyc1n standar¢ using the aforement1oned

"procedure ut1lzzing convent1onal tlc All reaction mixtures ‘
L were 1 nﬂ 1n'total vo]ume and ‘the’ reacxfons were conducted
‘in 2’ wbl} ventilated fume haod 'f  L _:

A b)lnk run was aTso conducted using ”’I but 1n thc

| }1iabsence of ngpmyc{n to‘detenmine *f th.re were cgmponents }"ff»°

V‘ff;of the’ supporting system which were lcqu1riﬁ§-aff;ﬂio)l¥94
3idqrin9 !1ectro¥ysis.}{,a;;;_;}fj{jff '




For a true run a11 the components were mixed thoroughly
in the cell for ten minutes without electrolys1s This zero
time analysis would qive an indication of any ]ebeling that
may occur spontaneously. A 0.01 ml a]iQUot'was-then removed
and spotted on tlc, Eastman chromogram and Gelman ITLC.
~After the currenf has heen supp]ied to the ceii, .O]O'ml
a11quots were removed at time 1nterles of th1rty minutes,
51rty m1nutes, 120 minutes and 1?0 mwnutes and spotted for
rad1ochem1ca1,ana1ys1s according to methods descr1bed This
‘ procedure qave quantxtat1ve results of the progress of the
reactJOn A qua11tat1ve assay was performed using the |
;foltow1no swmple detection technique, at. the same twme

1nterva1s .

Aluquots of 025 ml were remaved .from the react1on S
';m1xture and app1led to small Sephadex G-10 coFumns These
:columns were prepared us1nq 10 m}- syr1nge barrels into-

»',wh1ch approxfmately 3 gm of Sephadex G 10 slurry 1s poured

HUs1ng dwst1lled water as the so?vent the eluate was mon1-

‘_tored by passaqe through a fine canu1a tube positioned 1n
}'front of an adequater shae?ded'NaI (TI) cry;ta1 detector
;uhich was connected to an e1ectronics system cﬁﬂvsed of a’

""'_'Cenberra Mode? 1417 B Spettrostopy Amp!ifigf. a Canberra '. ’v i
B {::;uodel 1481 L Lin/Log Ratemeter. a CAnberra Modej 455 H}gh
o '_:"voltage Supp]y and a Canberr& Model 1437 'ﬁmer S C A;.

;".-fe Decmn 10" Rocorder (Beckmjn Instruments Fulert@n,

cﬂiform) B L .

-

78

: Lihbtqe,_,'ngf’mring. Ottawa) !n results were recard'éd on




-

As the bleomycin Rat a molecular weidht and size which
is excluded from the cel pores, it.is eluted off the column
first, at the column, Qoid vo]ume: while the 1odide-or
{odate is retarded slightly. This method gives a general
'1nd1cat1on of the radioactivity in each fractwon and. thus
the progress of the electrolytic 1abe11nq max~Pe assessed.

' At the term1natwon of each electrolytic process 3 -
reaction miéfure was passed through the Dowex 1 x 4 é;;:;)/
column to kemovevanv free iodide, as previousﬁy described.,

The resu]tant e]uate was. aga1n~chromatoqraphed to determine

_rad1ochem1ca] pur1§y

.Technetium-99m Labeling of Bleomycin _-**" ' . ;
’ . H

The technet1um labe11ng, by means’ ef s%annous oyropho&phate,

I .

79

‘was carrwed ut fo1low1ng the, method recent1y descr1bed by Bardy v °

. 7 ";

used as a source of stan us pyrophpsphate The k1t conS1sts of‘

2. 1 mg of stannous ch\oride and 59‘7 ma of tetrasodlum pyrophos»'_.

n

Avlphate ina volume of 1 ml Sterlle!pertechnetate was eluted from

e M NEN generator The bleomyc1n comp1ex (4.1 md) was

”dissolved in 0 5 ml of pertechnetate and 076 ml of the stannnus o

'1pyroph05phate was added t0 supply a tota! of 4.2 ug of tin.. iThe"
_,".[soiution was nﬁxed adequate‘ly for fWe minute$ in "mﬂded |
“beaket and the prQGUCt analyzed chromatographicalfy by the three

Q_ AN et

it

.."; .’
B ST

.
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was occurring. | ’ : - .

i

methods of thin layer chromatoaraphy ag described to determine
. . . . @
radiochemical purity. ék-_‘“‘\\v/} .
. . ' .

L

D. Stability Tests on '2°I-iodobleomycin

After termination of various e]ectro1ytic‘proceduresathe product

" was stored at 59C and ag.22°g, in the original vial, for time periods

* v o T . :
up to thirty days. Daily ‘Tiquots werg,.removed for one week and then
: v

weekly, for the remainder of the month. These -aliquots were chromato-

graphed on the various tlc systems to determine if any dehalogen®tion

v
.

* .

" The product was also placed'in a water bath at 100°C and left fer

one hour to assess thermal stability of the radiolabel. o
4 AR g
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- The possibility exists that the bleomycin may"cheiate or electro-

¥

PEAA

stat\caﬂy bond the 1od1ne rather than form a cova’lent bond gn the
l

; 1m1dazole r1ng A series of exper1ments were conGUfted to Cha11enqe

the 1od1ne bleomyc1n bond us1nq an aqueous solut1on coumainlng copper
» .
mns. The mo]arity of the Cu++ so]utions was keM equa] to the.

. mo]a'mty of the mdobleomycm If the iodine was smpﬁlchelated by

the b]eomyc1n then the cnpper ions shoyld displace the iodide due to
'

the preferent1a1 chelat1on‘bf copper by bleomyc:n A sé\uf}on of i\‘.

copper sulfate was - added ﬁo the labeled bleomycin at neutral pH, and

- -

v1gorously fnixéd for thxrty minutes The resu’ltant solution was

spot;ed on the standard t]c systems and as; f |

L 4]

e
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Fioo Leormro o ritoree] el ccites turor cells,

4
Previco oo nte Y Dves A gift fyor Febachnrn Lﬁncdt

Lot ator, o 0 cvroaies of Al ita, e Thece anirals vero hous o
4

-

erd ctboy o s tnd i an idartical panner o< the noreal biee Toby

antralds o The Apteararicones) tor coils were allov e d to 1nLLLJ£“

. . . . . . . .
S v e enroy e ate e erevobb oat Which time the apirale vere
oL it o by e er aarbeciayics ] The Shdeinal wall was incracd
gy » | e ‘
and the cootten TTend o Wi thoirawn et the ahdemin el cavity irto
» . :

voosteri e s oA aliguat of this Dluid wes prosesied weine ¢

f

Coulte Counter end o tirated to contain approsimataly 107 cells
Y

"f' '!-]. . . .
frivociestely 00 e of tads fluid was in]ectcd FHb(Ux(n“OUK]Y

irto the right feworé!‘ rea of h0a1+h) younul sle mice, After

- -

five to seven doys ¢ solid pon-uob}]e ;qmor of one. to two cm had

develeped f% aq1'anin@75‘ .Awpitiiﬁin wés adﬁinjsté;ed in the
rodents' drinking water‘(.ab/qm/209 wl) té ride out the POSS i~
bility of bactg*id] inf c@ﬁuns at‘thé Side of injectionf
0 . . | 't : // S A: ‘

2) Anima{ Studies of Rad101»dinated Bleomytins .; e o

In the, studies of £h t1ssue d1str1but1on of the 1abc1ed
bleomycin products, all an1ra1s were Jn’Pcted, v1a the tail vein,

with .05 or .1 ml of snpq1f1c activity rang1nq from 25 1:Ci/mg to .

150 pCi/mo of either bleomycin A, pr{cormﬂgx. Foryy-two an1mals,

without tumors, were infected, via tail vein w1$h 05 ml (75 wCi/ma)

- .
. - .
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P

of iodotleomycin corplex. At tire intervals of one hour, tvo

-

hours', three houfs, four hours, six Vnur,. twelve hodrs‘ and ,
twenty-tour hours, qroubs of six animals were serially sacrifich.
lhe thoracic cavity vas 1wmed1ato7y onened’ and 0. 1 m] of whole
b]ood was u1thdr(\!{\1th a syrinae by d1rect card1uc Puncture,

Pepvedrn ative tissue samples were exc1§ed from the Tung, Lidney,

1iver spl eeh to<tes, and 1e1 muscle. Al t1s ue samples were

A

r1nsod vith distilled water “and t]otte4 dry to remove’éxcoss
blood arc sgtcurately weiahed,
A11-sarples were then placed in'glean mlass ‘warma countina

vials. .The syrinae used for blood collection was triple rinsed

with norma) sallne and the washes pooled %1 th the b]ood samb]e
The sdnples were - then assaved for ‘771 activity usifng the Sear]e

Model 19t (Nuc]e&r Chicaqo, Les Rlains, I1linois) qamma spec¥¥01

)
0 -

meter, o \\ ‘~‘ : .

P a1l #e animal studies {he total radiocactivity administered

was determxned)by kounting an aliquot of the original preparat1on

and calculating the equ1va1ence of the vo]ume 1n3ecte¢ he

ac€1v1ty in the tissue samples was sufficiently high to_a]]ow\one

minute counts on all samples.®

-

A similar procedure was followed using 1odoblepmyc1n A, A-

‘ ‘'

spec1f1c activity of 50 uCi/mg was usei;*n\a]] forty-two.an1ma]s

of this series. /

In the tumor model tissee distribution experiments the g

of six animals were serially sacrificed at the same time intervals.

Included in the tissue specimgns-excised wé?é‘th{if transverse

. -, = -



.

. ' : ’ . L
sections of the turor. In all turor animal series conducted, the
distribution of redicicdimated bleotycin corplex, '?°I-bleorycin

P .
A, and PP Tc-bleomycin was studied.
In all distributinn studies the remainder of the carcass was

assaved by placina the reraips in a'plastic .container «nd deter-

mining the radicactivity usino twin probe Nal (TI) crystals,

-
. . 2 L}

suitab]y'shfﬁ]ded, ccnnected to a Canberra HodeITQOOO‘CI High

voltage Surply, an.Ortex Fodel 40T A 17 “Fer pulse-heinht

- - -

~analyzer and a Canberra Model ¥772 Counter timer.

Excretion Studies . . (E; .

Three norrmal mice vere injected via the tail vein wi

»

+ been-assayed-and precdetermined. The animals were kept in:
\ . ‘(k - ‘
sepatvate cedes and whole-body-activity was determined at zero

time, two hours, four hours, tiwelve hours, one day, two days,’

*ch had

ipdobleomycin complex of various. specific activities,

’

““three days and four days after 1nJecfion.

’ -

£3

ya
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toro b ociou of Coco s Tndn lavor chve steeranhy yas %
. ' v &
Car cut by ocnettine 05 e of thiy rateryalten the f)l‘""—?itc'-"f(‘? :
\ _ A
Pone et dene Toeing a1 s accreterraotranol (101 i a
- . |
Clua D Corcatoorapny tov ot o terpere oy Ffter dovelopont o
v . .
10 ¢y oy dyy.;' the platec and wtilizies o chort=vave ultraviolo!

it for oot detection, foyr dictinct arocs or the chroratecrans o .&

vere vt de s The darecst had a rean Py e 0 01, A smalTvery

*
. ' &
ditfue ot hao en B of 48 4+ 0] & lanoer spot was at an R of -

. .o ‘ : Y
A0 O ang @ srall seperate snct at Peoof 71 0 020 These Re ,
- l . \ . 4 k ')" -y

velveaptfnd ctordord deWictions wore #he results of eicht separate | o -
* I3 7

eyperitsorts and are illustrated in figqure 4. ' . ' ;
The variouy srots were dsclated and scraved from the plates snd !
placed in 5oml nyrevbeakers. One ml of dictilled ué%ér vas addedﬁtol
ecch cns nixed fcr ten rinutes to elute the compound ftg% the s111ca .
arl, The mo] was allowed to gettle end the suoernatant was \1thdrawﬁ
.

and concentrated to .05 ml wsing ashot watér bath and air Stream. :i;/

resultant conccntvates wore spotted on a 5tr1p of Whatman 2 filte

-

. paper and airfdried. The stidp pa's’ then d1puzﬂ’-. 027 phenanthra-

qu1none in abso1ute’e1v'nol and-10% sodlum hydrox1de in 60”\2thano1 -
(3:1). Serial d11ut1on studies showed that th19 indicator so]ut1on
w111 detect the quanidino grou» of arq1n1ne in congentrations as low . (

v/as ten parts per m11110n. ) - _ o - .
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After adequately dryina, the strip was viewed usina a short wave

ultraviolet light uncer which arginine-containina compounds floureste.

A

The siot at Rg of 3 ¢ [C13 was nositiye_hith a slignt flourescense

segri ot the sopt of Pe 7] - 015, Since the Qangdjno‘urouD is
Lo~ i . . >
rresent- only in‘the I cornlers sub-fractions, the B\sub-fraCtions.

“were present in the hicher Pg value srots but absent in-the lower
' 4 , ..

- . ‘ .

~srots.  These valuce are-in acreerent with the published R¢ values

.

¥

e ‘ Y
for the comperents of bleonycin corplex (Elenoxane) which are A, - R¢

Ay Py - Re 515 B: - L£85 Ay, and [y - L 74.0F

| ¥
Another series of nlates were developed in an identical manner
with the excention that tha oﬂaies were first activated by heetina at
160°¢C in an oven for cne roume® e were no changes in the migration

" .
behavicur of the conplex and the Rf values were identical.

The b]eomycin‘Az standard das sQotted in an identical ranner using

‘ .015 m1 aliqucts ofbihe 5 mg/ml stock solution. After develovment a '

- large spot was detected at R¢ of .360 : 012 wjth a sma}] diffuse spot
.noted at Rf of 47 + .016. It apbea%ed‘ihat the A, standard actually
contained a small percgntage ofla comppund that<co%resbonds to ;he A
sub-fraction chromatographically.. The b]éomycin éomp]ex‘a1so exhibited

this Spbt at the same Rf value. | '

1. Silica Gel Column Separation of Bleomycin A,

— « L d

1 to . . N
. b . !

' Due to.evtdencg that the As and A, sqb—fractibns of pJeomytin

were less toxic and more tumor specific than the other sub-fn‘pgions“

it was desifab1e,to separate these components fromvthé—éést of‘thé

: . S \ : )



corplex. As tre A, fraction compeses rore than halt the blecrycin
corplex, it would arpéar to be tre rost econcrical comnonent to .

extract for recovery of workeble quantities. The wide separation of
] . . N
the /. trom the ctrer sub-fractions on thin laver chromatocrams 1¢

P

‘ . e : Ly
the solvent s, o*pr described forned the becis for, this procedure.ﬁz

The washed silica cel <lurry was powred into a ¥9/60 colurn anc

.

packed is descrited. The approvriste connections vie canula tdbine
were rode to the flow cell and the referer e 11 was filled with
salvent. The:ze tere’p1aced:1n tre cell cownartment.ﬁqw the Feckman
spectrophotoreter and solvent from a 250 ml }eservoir wes allowed te

© pass throuch the ipstcw. Thie served ae a check for‘c51umn fractures“
and leakages in the system. Clean caLieFated alass 15 m1 centrifuae

/ .
tubes were used for fraction collectina. The machire, was calibrated

’

.,v/

at this point with the re:erence cell and the so]vent‘flowinq, to- 100
transmission or 0 absorbance at a wavelenath setting of 254 nm,

A 0.2 mT‘altquot‘of‘a‘B.d mg/.5 ml solution of bleomycin complex
was app11ed to the top of the qe bed, care being taken not to disturb
the gel, and the elution was bghun with 40 ammoniun acetate methanol
(1:1) at a flow rate of 0.1 my/minute.

\

The Beckman recorder was set to run at .1 inches per mingte'en
the loq scale at 100 mV | A base 1ihe was estab]ished‘and tﬁe first -
fraction came off the column after ah e1utvon vo]ume of 19.6 ml.

Figure S 11{ustrates granhically the elutwon'prqf11e.__Three milli- i
liter fraetions were collected indimtdually”theneafter’unti1 eiution
was comp]etg: After e1ut1on wwth a total of 42.3 ml .the absorbancs

returned to zero, indicating an absence of bleomycln fractlons, and

4
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ottt in Y ey chrer Sonrar o plales for adontification and

arotiay L0 0T wrs grotted o it oan =1 filter noner to detersine
thie covoocrce-of Lo quaridire groups of the ©osut-fractiors.  £As

iNluctrated i Tib1e_?.,t%e lest reabs eluted off the cd?nﬁn all cave
necativb ayoinine f]furciigﬂt reactiong indic.tine ansence of B o
corporerte,  The k¢ values of this peak correspord=c to the publighed

values of A, and A sub-fractions wien analvzed on tlc.

» .
-7 AN fractions obtained from the larae rather diffuse peak gave’
. .
Rf values consistently above .65 end all gave positive arcinine '

reactions beth vhich are indicative of the B sub-fractions of the
. . : .
bleorycin cuinlex. It was not possible to distinguish.any A sub-

fractions, particularly A; at these Rf.values due to the close migra-

tionaf/battcrns of the L sub-fractiohs which obscure the A components.
. \ *
The dbsence of B sub-fractions and a positive identification of

the A; sub-fraction, with minor®oncentrations of the A components,,
. ) . P A .
in the lest peakxe1uted,'&as indicative of a comp]ete-geparation of the

desirable sub-fractior from the commercially availeble blegmycin complex.



-

/.

.

N

"3.02 3@ (Lil) jouryiap:ajeyaoe

v -

SNLUDCUR O LULSR Uwn)0d | ah €D LS yLnowiy ¥a|dwod cwub;o.mz. 30 uoLIn(a AQ pauLeiqo 3| L30dg

StV ot T gl T 2T "ol T s T 8 YT 9T Ty Te Tz T (T
. (tw) JWNTOA NOILN3 )
: 09 ‘ . 0s ov -0t 0Z. 0
f T T . T T e
_

-

(2) x31dwoy udAwoag 30 3pj01q4 uonun|zy

§ danyy 4 . mx\
L,

wu $5z 1V 3ONYEYOSaY

(®)

; P31231107 s1onbipy



Table 2
y

’

ke NValues ¢f Practions Collected on Sepanation of Eleorycin Corplex

(Blencrane) on Silice

C we

Cel, afgné with hrqinire Tect for B sub-fractiorn

N
identyficaticn, A1) valueseare the nean - € .00 for six deterrinztion

A

expIriments,

Fraction

8

10
N
12
13
14
15

.35

.36
.35
.35
.35
.36

1

[R3

14

1

0N
.C1a
.012
012
.05
.O]§
.0Ce
016

016
012

018 .

.012
0.18

011

-

ArgininerStain

47 - 020 -
.46+ .O]Z . -
47

'+

.014 -

"
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CELTL Y, Ird fraitiens cenfuiring U curadsts ebsarption peak were

cetdocted in about a Tl Aolwe of water. Ficure 6 (Tluétrates the

elution nrofilde of tre Blecnycin A, fraction, which was isolated from

Q AP . b
the. Llecryn conMex ty silica gel colurnn chroratocrarhy, and that of

[}

the &, standard, = . ° ot R
The? rain cbiective of this seuaratiqp was'to,onain blecrycin A.
4

in %s rure a forw as rossible. The 3 ml aliguots, nurbered 10-15,
froo the silica cel extraction, were the only rortions of the eluate
confirmed tosentain The 'A; “sub-fraction on tlc, and thus were the ohﬂy

ones fisted throurh the Senhadex G-10 for de-salting.
- \ .
A
A cOmpzratfv* eluticn prefile was a]s;\tcnducted under the- same
cerditions using .2 r1 of the 5 mg/ml bleomycin A, stardard. On

s
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elution toth the stordare and the ce arated lecrvein A had very .
) (
sirmilar abnortance peaba. It car be roted frow the profile aranh NAN
’ -

that the retard>tion of tho/irceniym acetate on the ael insures
»

ddcquate ceparaticon freo herentide procduct.

g :
The five 2 m1 eluates fror the Sephadex G-10 de-saltinc

- )

. . . (\\‘t‘
procecure were tren concentrited usina @ 40°C warm water hbath under

”

3 gertle strear of oir tc a volure of approxirately & nkfeach. The
. . t

solutions were then pooled and a 025 m) ¢ i- "t was snotted or tlc

»

to cenfire the rresence of ticorycin A .o The Ry values substantiated

the soots correstonding to 4, and & trace of Ac as €xhibited on the
§

sricinei chrovateararhic aralysis. : .
L)

" The pooled saiy%a{ were then further conc htfate( to a volure of
/. ~
L] .
1 .
1 ml and 3 1) of retharol 3dGed and then furthe

. < .
m].“‘When 4wl cold 357 etpanol was added to the concentrate a fine

oncentrated to .5

white crystallire precipitate was formed. Thbagbbernatant was with- "

»

. L
drawn and tot/EFyttals allowed to dry in a desicgatér: These crystajs
proved”t;_be hfqh]y purified bleomycin Az with a trace amo&nt d¥
. AN

bleonycin A, and were used in the'subskquéht iodination and animal

L4
procedures. . . ‘

N . : .
To determine if. th?S\:@ipqq’was a practical. procedure fer bleomycin
. ’ '

A; isolation from the commeMcially avaf}ab]e bleomycin complex the

1]

mean xie]d of b]eomyéin A, from the various separation procedures
was estimated. A‘standard curve, as shown in-figure 7, using serial
. 7 . A} . -
\

L v _ N S
aqueous dilutions of the bleomycin A, standard versus the absorbance

at 254 rf was constructed from the‘folfbwing\‘éta.

4 v.‘l - N ' B : . . ‘\
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a

- Standard Curve for fleoryecin Ao Standard

P

b Absortancc at 2SC e Corc (ro/ml)
' 0.07 0.120 ' ﬁ"‘f
' 0.73 0.100 Y
0.61 : - 0.080
u.44 U.060
0.3 o 0,050
.29 0.040 -

i
The dfy residuc powder resulting froﬁ'tho silica qe]gseodration
followed by e éxc]usion purificaticn was dissolved in 10 ml of
‘d19t1|1ed'water and the solution assayed spectrophotometrically.
The theoretical yie]dAusinc .2 ml of the & 4 mg}.S ml solution
would be 3.367d§ of tgta] écmplgx or 1}85 mg of bleomycin A, and A,.
The results indicate a concentration of 066 ma/ml of A; or a
yield of 37.5‘.‘ fhé NUMETOYS ;tepé %n.this procedure undoyptedly
accounted for a'greaf pbrt;én of this logs.- There was considerab]e
loss- on the columns due to adsorpt1on both to the chromatoqraph1c
‘ P ‘ -

. gels: and the g]assuare

-
[ ]

1V, Radfochemical Purity of Radioisotopes

‘A, lodine 155

A11quots of the carrier- free rad1o1od1ne in the form of Na‘zsl

were spotted 'on the three thin layer chromatdgraph1c systems. -This

procedure was emp]oyed to determine the presence of any other chemical
, , . AN ) .

w2 = .



forrm ot the iodine ard alceo te obitain a reference Rt value of free
iodide tor future aralyses. The behaviour of this radicnuclide vac

aliroct identica® on the three systers usina 957 etharo) as o solvent,
i .

1) Thir layer chrosatearapby (class support silica qe! media)
J : ;
the mcin peak of racdicactivity, afiler develormery with 0K

~

ethann1 to 10 ¢m 1n a conventioral chronatonraphy tank, wae
detected 2% an R{ value of .R5-.9. This was deternincd by
scraping m‘wdual 1 cm seqgments of  the qel from the rlatc
and assayina a su1tab]; ca]wtrafed aamna spectrometer,

~An identical ke value of .9 was alsp exhinited wneé ha
was developed on thic seme medium ueing the Jp‘ armenium aceta e

methanol (1:1) solvent system. In both cases, more than 99 o //
of the radivactivity was 1n this peak, Wwith the remainder beinq
distributed evenly over the plate as a residua) radioactivity,

F1gure 8 is a repreqentat1ve histogram of these assays

2). Eastman chiromagrams

This assay method was found to be more rapid than the glass
platé procedure and the radioiodide peak aga.n migrated to an R¢
o0f 85 in 95‘ ethanol. When exposed to ultraviolet Tight, the
1od1de could be visualized as auye11ow spot. The position of
th1§1spot was conf1rmed by cutt1nq ‘the mylar ﬁacked strlps 1nto
1;;m segments and ana]yz1n9 the rad1oact1v1ty in-each. Due to

a thinner ‘layer of s111qa on «the support the residu&ﬂ rad1o-v'

&
A

. acthIty on the strip was much 10Wer and thé 1od1de peak accounted

for 99 7» oﬁ the tnzzg act1v1ty

~

[ - . -

4

97
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3)  Gelwarn ITLC F

The srall ricrofiler strirs were spotted and developed in
95 etranol in tro Terrachree Charoer ©. Piaration to the solvent

front Tire vas corplete inenly six minutes. O the total racio-
activity on the <trirs, 2917 was retained at an Pt of o6, o,
other peabs were roted end the reraining activity was evenly

L distributed on the plate. .

£, Technetium-99r ‘

v ‘An aliquot of the sodium bertechnetéﬁb eluate frem the 2°mTc
gene}atpr vaS spo{ted on the Gelran zfic endideyeLobed using ,9‘7NéC!
as a ¥olvent. Of the total radioactivity the yemaining 96.4% was )
located at the so1vént frent with 2.6 cf the **'Tc aCtivity evenly
dlstrv:utcd over the chro'abooran .The Dertecﬁnetate elu§te was

above the acceptan]e Tevel of 35" radicchemical®purity.®®

-

A

V. . Bleomycin Labeling lechnidues

R ‘ | o .

A.  Eectrolytic lodination
) . ‘ 1\ . .

ﬁrior’té,Studying,thé various parameters nébessary to yield
opt1mum radioiodination of b]eomyc1n a pre11m1nary 1abe11nq experlment
was conducted using cond1t1ons adapted from ether iod1nat1on procedures
A]though gv1dence pertaining to the radioiodination of histidine by the
e]ectro]yti; method is very ;¥arse in the literature, there aré} howi-
{‘ever, a numEer of documented facgors that lead to acceptable labeling

N

o9
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te

Tevelo an chericel dedinaticors of the igideazole vina. ' By arplying

K

these auidelires srbitrerily g rediciodingted form of hlecmycin was

(hterred tut ot @ very low rorcentecd yield,  Frem this point the

Cor it ore undin wnich the resction took place could then be varied
urtil ontive yields couldbe achieved,

. . . R o . .
Covelli arnl Wolff, in their work on histidy) residues of insulin®®

A

and latcr in @ curtary article on histidine iodinaticns of a nurber of'
uroteir;,g“ corbered a nunber of factorg :_3"nq to successfulyradio-
iodine lebeling,  They noint out that,one‘cf the major factors of
imidazole 1ediraticn s the conformation of the neptide and the

accessebility. of the histidine entity. The histidyl moeity of bleomycin

has been <hon to actually progect” from the moiecule ard Vs stereo-

7

chermically in a favorable position.!” The presence of phosphate ion

either in a buffer‘systpm‘or as a pyronhosthate or nucleotide will X

‘

block or inhibit iodine incorporation.®® TFor this geason Tris ()
buffers are the more desirable system to maintain pH. They also
emphasize that c¢ivalent cations, such as Zn*", may also block the,

binding site.®® This has already beerl exhibited and noted with the

bleomycin structure's cheJating ability.

&

The substitution of iodine into the carbon-2 position of the [ |

heterocyclic ring requires a free fmino proton aﬁd is basq cat§1yzed.5°“
These, conditions can be met by carryihg out all brocedures at-neutrality
or in a]kélinevenvironment. Moét jodinations of proteins” appear to
proceea‘more favourably at low temperature, probably due to the ‘
stabi]i?ing effect.on protein.®" lhe incbrgoratiqn'of-iodine was also
5noted at lower molar ratios of carrier iodide/peptide if thg temperature

was around -0°C.°3% -

.

P . , .

5y

.
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MR oo the sodice st i‘.ts ouloenuint ol -
IR IS R Rt e ler of the provicusly montioned
Darstetors wore ahlo b ottt crcouy crine Vi lde of dodingted
| o ..
fatvine o n s ivd booan sorpr el P Inc thecs exnerirents 1t was “
rovad, b ven .':l.'t Pt curreny ‘.’d‘:‘..‘"";’ resuited in actual legs cof
icdite ond ""’uc"l;.v icersdation oenvrred, , Prolenned electrnlysis .
(t Tow zurrent vaolues enreered to have no 1) effe&tsd on the poly-
Tpertides .t Sulsequent ieciniticr procedures using the electrolytic
cell were condurted 3t 103 L4 or- less for lencer time p%riods.”
_ : i ;
Dorabedion ¢t 1. confirecd this variation in Posa's oriainal method
bv successfully rc.dioimirfatim_‘ various hormones at currcnt values of
5 va for fors, - vive nnctes., . ’
Scufz.x:ﬁ_and his :associqtes, gti]iiin}; Rosa's technique, obssrved
con'siderah]ev.o>;1<fat';-on cf the parath_vroidmors"one they -werelattemb*ﬁc
tofio—dinate.f Ly adiustirg the volteae-tine relationship fsheyear‘r_ived



at te corcdy o i ize rolecular oxication the veYtaoce pyct
be 1 adnsined ot L I

fecunal tivn 10 o Macte the following aeneral pararetors were
uced et ooy Vet ie el

AT et oy oelutiors were Tric C) a:d the pH was r"dintain_&d frov
rneutralit s 4 F.75; The <olutiors were pre—ccc?ed orior to use ard an
a{f<r'f, ueine an tce La*h, was rade to mcintaiﬁithe terperature of the
reaction ot G-2"C, The tlewiscin wac beps g constant rolarity,
disselved in tre Luffer ;hiﬂh contained 1M haC1,° aqd varying
nolarities of caryier iocime veore cdded.

The currert Qa]ucs vere bert a4t less than 10@ LA oand usually at
50 ;7. The voltace was veried but usually kept at .8V or Jess.

A reaction hixture'cnvswﬁted of: 5 x 10'3Mﬁb1eomycin Ay or
complex, .1 Sodium Chloride, 50 ..Ci - 2 mCi of 4al®*, and varyinc <
mo]arfties of cérrier iodice in the forn of potassium jodize ;R\tota1
velure of 1 ml of Tris C1 buffer at various pH levels. After 3 ml of
the buffer wes placed in the cathode compartrment the constant voltage
waskturnqd on. The current-was held at 50 vA until the voltace

required to<waintaiﬁ-this value reached .8V, "this generally took
twelve to twenty-five minutes. The voltage was then held at .&v and
the current alloved to drop of f. At the end of 180 minutes the current
was usually 15-20 LAi‘ L ‘ | R
When reactions were conducted at room teméerature an overall
Y . A
decrease 1n yigld of 7.5” was noticed. It was also noted that at room
] : - : ' . :

temperature evaborgtinn of the reaction mixture was.a problem. Due to -

possible radiation contamination hazard when radioiodine was volatilized

v

B

A
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» A

all furevir reacticng WEYC corried cut at TiT 0 odip g well vcnti]atn@

CrTOUS POl pat s 0fF caprier 1edige/Llecn yein vere rtroduced

Lut tre oveld oF vodic i eg Llecoyein ves oraerved g e Tecs than

expected, Rt vty ot v errveir of 2 a yvield of only e7.2

Was Chtained ateer 17 rivutes (f electrolysis. This confire the
resultc of Covelli pd ot e viGocercluded that the incorperaticr of

1od1ne'}nto Fistid resjéue: occurred at " 77 ed rate renardlece of
the corrier fodic o)y nerease, as lonq qc a sufficient arount

WasSEresent te dllow o 101 dedide 0 histidine relaticn. It was also
pointed oul thet excess icdine ray ir fact decreace iodinat{on oﬂigb

polvrentide by an clidative action on the rolecyle. ™ ~4§?
1 ) \ 3
Kith these observations in "ang the carrier 1ocide:bleorycin

. - b «
rolar ratio wic reintained a+ 1:1 during the subsequent reactions to
obtain optimum radiciodination.

A series of experirents vere conduc;ed to estab11sh the cr1t1ca]

e

pH at which bleomycin could be rad101od1natod with optimum yield. The

) . . > . ) N
Interdependence of pH and time were observed and are presénted on

.
.

table 3 and figure 9. ’ L ‘ o

$
' The results 1mcated that maximum yields were obta1* at’ a, -
LI
very narrow plf ranqe w1th a peak at 7.4 if e]ectro]ys1s IIrconazct??
oy . . i ‘ .

O T

L]

»

o R . ' Y
A simple experiment te resolve the effects of voltage on the¢1¢

process was carried out at four different voltage 1evels The fﬂ?ma—

t1on of iodate (IO ) is always a prbblem in both chem]cal and

-

. electrolyt1c fodination procedures ‘As pointed out earlier, this



Table =

Effects of mooard Tive o Sletvolytic Todirnation of Bleowvcin (ornlex

LN Yield ({z,\

J
~i4
€]
»]
=
&
-
—

7.6 .
7.3 720+ 5.3
;7.8 0 3,//ﬁ.ﬁ'
7.5 83.9 - 7.6 " '
/.75 “J3.9 - 60 .
8.0 64.5 + 5.4
8. 54,0+ 2.9 ‘
£.75 46.1 + 8.0 | ;
a) 120 min reantion tine 7
(b) rean>t S.0.oof 3 rups
Ti@e (Min) Yie]d (a) )
"0 T 4.2+ 1.3 (b) o
y 30 9.1 2 2.1
60 C3501 £ 2.1
75, 45.8 : 3.4°
120 68.0 + 3.0° ]
140 . 78.1 + 2.6C
. 160 §8.2 ¢ 1.6
" 180 £91.3 + 0.8 y

(a) at nH 7.&
(b) - mean + S.D. of 3 runs
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product rveverest ly siecs tre andire onl revoves 1t frer further

w
rec, s cra g vergidatior o and con be renreserted as followe.

I + (T pOT o+ 1

. + -
i N b 4-;(}
sl 1T

, 0 -

Ynina the oR1) terkadey G210 e lurres o and utilicirg the Sret LS

A . ‘.p
that L et oy for Le auslitative s, of the reaction miytyr
lel . .

vl it et distinauinn tedueen the 1oces  convein; icdate and
fodide, The yraloactive LWVﬁ”:gir was eluted first at the void volure
Ui sr el ey N*dain rolecule next at 1:5 tires the veid volure

fo lowed by the icride ot twice to 0.5 times the ciution volure. 7o

cbtoin this resclution 1t was necescany to adiust the flow rates to

lese than .1 o1 cer minute.  In this renner the tiree Legks were

collected separately ord alituots could then Le analyzec for R
cradioactivity. ) S )

After 120 minutes of e]ectro1ysis-ﬁnder the.optimum cenditions
but at voltaces of 6, .8, L.O and a’maximum of 1.2 volts, aliquots
of the reaétion mixtyre were reﬁoved from the cell and app]jed to the
Sephédex G-]O'colunhs. After elution and analysis of .these péaks it
wés‘found that tne 1eve]$ of iodate formation incfeased dramatically .

Z,With increases in-voltage; as indicated in fiéure 10. -g;ikwi)
4 . : : . N
- Effects of Voltace on Icdate Formation in Electrelyti {a)

\-J . : .
. ' Voltage “ lodate
) 6V 3.6 + .03 ‘
. - 8.V 5.1+ .4
) 1.0 V 8.7 +2.3 .

| 1.2V 13.2°¢ 2.1
(a) Mean : S.D. of two runs
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Ttooprgored Froo thear veg Mgt the 0 roxdr ihoﬂpn art 1troryly

ard Lt li20¢ by Serrorn T ey, dn feot, the Tamit to which the voltooe
y

s ocould he elgnated oy end 431 raintain low dodate concentratione.,
\,4' ~ Y ) i
3 ’

i, Pacdioch e o= burity of 20T Todobhleomycin Corplex erd 5,

. ] )
y ¥ .
h & sub-fractions .

i ’ 1

)
g_ﬁ,,. The procoedirg teces decoribed the oplirum parareters for electro-
3‘ . N - N
k . . . . . 5 L] .
v S Mvtie dednotion of bleomvgin,  Thece paraneters were cstablished by ;.
< "

chiver Lgerertic analvcis of the reaction mixture at varicus tine
L]

intervais. 7 bBlept reactior was conducted under ¢ntirmum conditicons,

with the delodion cf‘the'radiyiovife, to accertain ¢ rclecular

v

. - ‘ . . -
dearadetion cf the blecryTip mmlecule was. occurrincadurine electroysis.

4

. [
. s Al 14 ,

After 127 rirutes reaction tire thguth:ﬂgatcoranhic results, on tlc
. t £ " .
o and devo1oped ir 10 armonmium Metate:methana) 1:1,(revecled identical

iy

migraticna1 natterrs to unreacted bleomycin eomplex

“A blank reaction was also conducted complete in every component

except forthe deletiorn of bleomycin, to determine iﬁwa radwglabel

)
was being acquired by4€;y of the reaction mixture components.

chroratoqraphic analysis in excess of 99 of the agtivity migrated

‘ . as free radioiodine. from repeated gxperimenfs:J was determined

that the radioiodination ofgbfeomycin A, su jpction and ccmp]ex
. : . v .
was optimum under the following conditions: ¢ ,

’
.

PH -.7.4 Tris C1 buffer with ,1M NaCl

: , &

Temperature - 0°C to 5°C . » ' \
. IR AN

Time - 180 minutes T
Carrier jodide:bleomycin ratio - 1:1
. . . 'v“
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1ty L N R A IRTITIE = ol of SR Gave a "Tero electic e
LR T R TR R ricat e ary et ney Tebelire \an

cndomean o0 oe of 4020 precylred
Tho foate oy Chiveraerann and G ron TLC vere used for the cuerti-
tatihy 1oty Pesulge at the various tire intervals vhile the <ilics
Coated c]%sa Plate vstam Las run on the final product after 160
TIrce L of ¢loctyelysan, Using etharhl a< the solvent the resulic
of U1 fentrur and Lelran ethads were prectically idencical end
TLoLLHTVeC as correlative tecfﬁ'i(.'uns. In these two procedures the iode-
bleciiyoin bad an Pf of zere or steved at the origin while the unbound
bang micrated with the sclvert front and denera]1y localized at an Rf
of L&Y to .9 as scen 1n ficure 11, .
The chlracteg{stics of the reaction brcduct were studied by
spotting spall aquuots of the }eaction mixture or the qlass support

*

silica cel thin layer chroratooraphic system after 180 minutes of

electrolysis, A cerparison-of the miarational behaviour of this
* material to the unlabeled Bledrycin in the 107 ammonium acetate:

methenol (1:1) solvent SYSTemn vas car;}ed cut. After developing to
t o ‘ . [} ’
10 ¢ and drying . the Vd’%OUS'SDOtﬁ could-be visualized using the short

Wave uv Yicht. One centinete~ searents were then scraped off the .

’ -~
plates and analyzed for radioactivity in a ganma spectrometer: The



Table 4

>

Characterictice of Fadivicdirated {leorycin Complex on Silica Gel tlc

PR
,{." ~ ¥ l‘l“ )
’ ] Rt rooA .
ol y ‘ ‘:‘Y' s
n,/.‘f\ &: i? ! ( R !g. {
Lt Y ik IR Y.

Seonent =5 ' l’é‘. 7,.‘,; ' J '; 1

o Ny’ '5;3;();)' CREPL) (c) CPM(b) (c)

A ¥ SR ,

1 160 ¥ 170 23

2 219 268* 116

3 © 347 489 17

4 94917 67.1 63643 63.0 75527 5R.R°

5 2518 1.7¢ 1515 - 1.50 2590 217

6 214 174 196 ‘

f%‘ « A

7 05 31.2° 35862 25.49°7 44228 39.1

8 Cas : 20 312

9 146/5 8379 11976

10 20 67 ' 57
Total - 160486 110769 136142
Radio- : 89,99 91.2°%" 90.67
activity
on plate
Total = 144437 101021 123345
radio-
activity
of
bleomycin v
complex ' I

(a) developed in 10 cm in 107 ammonium acetate:methanol (1:1) at 20°C
(b) backaround corrected ‘ ’

(c) expressed as a percentage’of‘tota1 radioiodine bound to the
bleomycin complex.

4
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jodebleorycir acted ir an idertical manner &5 the urlaebeled material
chreiratoarantaically as illustrated in ficure 12.

khen the - " l-icdobleorynin comnlex was used, spots at b¢ of .37,
A7, 02 and L7 were visualized., The results using radiciodinated
blerrvein &0 vielded ore Jarae spot at Rf of .35 with a srall diffuse
spot at (4%, Trere ere nc cdenredation products exhibited within the
sensiiivity cf this aralytical method. These results indicgted that
no aross cheinical charces were undercone by the bleomycin molecules
as a,result of the rediciodineticn conditicons.,

On assay for radicactivity the fo]]owiﬁa data cn table ¢ indicates
the fractions which were labeled. In the *odobleonycin complex, 6¢.9
+ 4.2° of the titel radiciodine vound to the cpmn]exbwas associated
vith tﬂe bleemyein Ao fraction (seaisent mumber 4) and that 90% of the

1751 activity was tound to the comnlex.

C. Qua11 tetive Elution Profile of Radioiodinated 81eomyc1n A, of

Sephadex G-10 Column

Figure 13 and 14 shdw a representative elution profile obtained
seria]fy during the radio]abe]ing process of the b]eomycfn A,. The

progress of the labelirng could be followed by apblyihg 25 ul to 50 i

aliquots of'the‘ce1l reac%fon'mixture to small Sephadex G-10 co]umns
and monitoring the eluate rad1oact1v1ty with a NaIs(TI) crysta1 and
appropriate electronics. ‘The 1odob€§%myc1n eluted off the column at

the void vo]ume the iodate’ being a smaller mo]ecule was retarded in

the gel pores and appeared at 1 5 t1mes the void volume The tree

jodide appeared at tw1ce the elution volume.

.
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The "zero electrolysic tire” exhitats & broad lerae peak that
is indicative of urtournd iodide and was ?bserved at an elution
voluré of 10,2 m1, Fs the tire irtervals proaress, the peak appearing
at the void volure of 3.4 11 becores more nrominent until at 100
minutes the frece fcdide fadioactivity has diminished to very low -
levels and tre rajerity of‘the readioactivity ¢ asscciated with the

bleociycin,

D. Purification of the Padiciouirated glecnycin A,

The Tebeled product of the electrolytic reaction could be
successfully rurified by nassaqe throuah Serradex 6-10 to remove the
iodide and iodate imnurifﬁcs. This method was undesirable due to the
laroe dilution anrd the use of the Dowex .1 x 4 anion exchanos resin
provgd fo be a more efficient method, After passane through the é rm
bead bed, and édequately tack washing, the final produét vas assayed
:/on,Eastman and Gelman ITLC. On both systems an averace of 4,23 of |
- the activity w;s,associated wipﬁ the solvent front as free iodide,
as. shown 1in t;b1e 5. - About 95.7° of the radioactivity was associated
with the’b1;omycin_ﬂ2. Unfortunately ihere'was an overall loss of 28°
of the pfoduct 06 the Syringe ﬁalls,_fritted glass fittings and
adsorbed to the resin beads. This was determined by assaying ‘the
radioactivity of ;n aliquot of the reaction product betore and after
passage through the anion‘exchahge resfn. Further‘purifiéatéoﬁ in
preparationifof the biological studiés involved passingAthe ”Sll |
iodobleomycin solution throudh{a .22 micron millipore filter.

Unfor;unately mflTiporg filtration led to a further iosé of up fo
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VAN S A L R e ince tre oo cnlecule s therrgll,
AN
ctatie, e anecblertecie coLtd e tevninsdlly autoclaved to hurass
thie <ty filterire oter 39 red Cor huoan clinical studieg
t. Cealis of ot Dodte e d Do vcire 40 ard Cornlen
Eotr the 002 tel tlenmscir o ena lebeled comnlex were stored
et e TUA et tenoa e ofF 4 C ard 20 C for thirty days. At dailv

Trter, Yo 010 T eTioucte of ezt osoluticn was sootted on Edstran
chycrooyloe e dovelono d 4 00 or in 95 cthano). The'results en
toble v andicate 2 s)?r‘tiv creater deha1c¢c"atign at roor temperazture
};an whon the racerial was refrigerated. The retriqorated raterial
lest <lout 7 0f the label ner day while the raterial at rcom
tetinerature loest gheut 1 per dav. Trere arpeared tc be no difference
in the locs of tre resiciodine fFeticen the b]epmycir'ﬂz sub-fracticn
and tte entire blecvycin comnlex., /t the end of the thirty day period,
.25 M\ aliquets were reroved from each vial and spottad on the conven-
tional glass sujvort tlc plates. Trese were developed in the standard
rethoc as céscrited ard visualized with a short-wave uv lamp. Scots
. s . .
. were cetected at be of .25, .5 and a‘]arge spot covering .68 to .72,
on the plate that was used for assayinc, the b1eomyciﬁ‘comp1éx, ard at
R¢ yalhes of .35 and .% witH theib]eémycin Ag. These spots were |,
'1dentica1 te the chromaioqrap;ic behavicur of bleomycin A, and complex
prior to’radiojodinaiion. “Using this system of chroratographic
analysis-there‘was no indication of degradation or molecular fraaomen-

v

tation due to hydrolysis.
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L 4
tahlc €
Stetality of Dlectrelytice s deteled eddt lacmecin Counlex ard ~- at

4°C and 20 C lad ) (c)

. AN
Clec vain Con ler : Blecmycir A,

bey 20 L 4" 2076 ae(

1Y o 100" 100 100¢

2 6.1 - .; 97.4 + 2.1 .00 2% 1.2 °p.6 + 1.1
3 9.7 = 1.17 96.5 - 1.3 97.4 + .4 96.8 - 1)
& 933 g 06 - 3. 954 1.8 . 9.2+ .y
g 93.7 - 1.6 6.7 + .7 93.8 - 1.4 95.1 - 1.6
3 90.7 - .6 43,9 4 1.1 92.6 + 2.1 93.4 - .6
7 92.5 - 1.€ 92.8 < 2.5 9.4+ % 92,6 :1.2
15 85.4 + .7 £3.9 : 1.6 86:3: .7 87.4: 1.2
21 804 : 6 8.3+ .9 £3.6 + 2.1
30 . 80.1 + 1.4 728+ 1.4 . 798+ .9
Total 19.9¢ . o27.2¢ 21.20

loss _ "

b .8

Loss/ SN T S .90 L 70%

!

day

\}e’on Eastran Chroémagramscusing 957 ethanol
(b)y AN

(c) M1
. 15 €

bes corrected for physical decay and background
ues are expressed as a percent of original-label whicH
idered 10C and are the mean + S.0, of triplicate-runs



The trer ald sta"'ﬂ"tj CF o tares dxffoaer et regotinn rogdycts of bot

loteled corsVox ard Ao were teston afcnr the cree codide bad {cen

reraved pitn o tha Dovex Yoy & oarior voecrarug renar Tre - 1-jodr-
i
N . ,
e nweoar 2l Vet Ve e T et ?‘t@é.]jrl(f vater ook
L,
, .
et 177 0 for oyt rorutes fror 1oLt atien t 1

- oyt . Y e e ; A
1N C otre vills vere cunteld Lnd the ool tior Lan accayed

‘ S . : 4y P S o
Crve Lover, 3 =0 etranc) fop rodt ocerica DN rority oand aloo o clasg

ore choun in tre tollaning tobiie.
“

Trerran Stahii\tw of flectrelvtically Cndicicdiniﬁed tleorycin Corrley
H

and A at 120°C for &7 Mintter, (a)

i ~ Percent of initial
Blecmycin-izund dogire
B]C{)njcin Cormlay Fetar £0 min at 100
\ -

N

1 ' 8t.

2 - ®.7

3 " 87.4
Blecnycin .

- - 1 89.6

(>
2 7w 88.4
‘3 - 0.1
(a) A1l solutions were at pH57;d . -

As shown in the above table the L<*]-bleomycin complex dehalo-

genated on the averace of 12.2 = 1.9° and the blecmycim A, lost 0.6 -

G

+ 1° of thehincorporated réd1oipdine?after heatiné. The migrétional

behaviour on the tlc plates was identical with the charécteristic
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Unlele bl BTeds g oun come Yen ard et soAr L, inatcatipo th e Ul

«

/
deoredvsion vad coopyels '
,
.
.
. N . . N - + 4
- tebs it ef lodun e i L v the Drotance of (4 Tons

. Al . TS Y . Y
TS el cocy srtee ot Ll e £r1ots ac a ratyral crner
e Yo ors pretoren A0 cral it e rer t0 g Creatar o.tert tion

ST ISV VE S erIrer T was contLcton o okl lerer the carhone

v

Vel tond e doortane tF cottar Gon, ould Granlace e

X ; crora
redicicdine Tanel on o Blecricir v 2lecule. Thic sould have

ons A irowive studies, as tre fodire rfay,  in fact,

De veroyed worirn raeloriza) retatolior by s VAriCyS Caticns nrecent

]

S Tiving oroogine e,

This was accerniiored b, addire an enui~olar solution of cytt in

the forr of coorer sulfate to & purified radiciodinifed blecgmvein A
soluticn erc riyire vicerously with a nagnetic stirring tar for thirty

mirutes. A U008 md pertion of tre resultart solution was then

chromatecranted on aldss suntert tlc clates and assayed on fastman
ow .

clgromacrass for radiocterical rdrity. After develcn~ent ard dryina of

the altass surrort tle tne srot at e .25 was visualized, usino a uv

lakn. There vas no acditicne) SLo:5‘91sib}c. After scraping, 1 cm |
secerts ¢ff ths plate and assayinaq for'radicactivigg 1t was noted
that the rajiority of +i¢ activity vas asscciated with this spot and
Tindicated the Trescnce of “fl-blecrycin- A, The searents between ’
Rf 212,75 contairee a level of radicactivity creater than normally
scen with residusl Jodide edeorrinn to thé silica. The usual activity
) o; . . : 5 ) o
at.an k¢ of .85, indicatine free‘iodide, was absent.
v .

-
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The fLastrin chroraaysr e sevelered In the ysual ranner ine
95 etbonel and 1o scerrerd were cooved for eadioactivity 1ndi-
L

Vidually., Joxie the rasoryty of the activity was associated with
-

the YT Lleor,can AL wt the oricin, An additioral, peak of raaio-

aCtinit e alco noted et Ve 25 but the free indide band ¢t Rf €5
1

¢ »

viat @l cent . Al ttoysh fre YU ododot Yecmycin rerained intact durino
this eyrerivert both cnroratorranhic sycters, however, irdicated the

preserce of o o 01 ciount of an unbknown < o <. This unpknown

Tess nolar then Acdoblecomycin and bound the

\

rolecule eppeured to te
free Na'“'1 in the solution. This criplex formaticn was not investi-

qated eny furtter, The eyLLr‘ment had- shcwnathat the 1251 Jodob1oonv(1n

+ 4
was ¢uit2 steble in the presence of Cu 1ug§, sugcesting that the

iodine vas covelently tound rather than weakly chelated.

G. Technetium O2m [abeling of Bleormvcin

Bleomycin compiex was.]abe]éd with technetium usino a prepared

-

stannous pyrophosphgte kit as éhe source of a reducing aqeﬁt.“’wMTo
supp]y approximately 4.2 uq of tin, .076 ml of the stock‘pyrobhosbﬂate
solution was used, and mixed at 22°C for five minutec with 4.1 mg of
b]eomycin complex disso]véd?in S ml Bf pertechnetate. Ihedpesultant
‘sohmon was chrorratoqraphed on the three systems, assayed anp the

results are presented in table 7.

’

* The-glass support tlc, after(ﬂeve1opment in 10 ammonium acetate:

methano! (1:1), was placed under a uv lamp and spots at Rf of .35,

)

‘and;.68-were visualized. These Ry values corresponded to the

graticnal behaviour of bleomycin complex in this splvent systenm,

-
~

AY

. »

e .



Ten 1 cn seamente vere scraped frov the plate and dﬁ subsenuent ascay
BE4 - of the radicectivity wes asscciated vith fhe three <nots.

The h]coxycin leteline technique, usine ’9ch-pyr0phosphate. vas
conducted of @ nurber ot cccasions with varyiraq success. The
urpredictet 1o rosylts, which ranaed from 42 to 86 *9™T¢ tound
bleorycin, yielded sord products that were uracceptable for Liolonical
studies.  Only the hichest vield “*7T¢ bleor vcin products wre used;

the rerainder vere discarded. .
)

Due to the short nalf life of “*MTe, stability studies were not
conducted on this ratorial, W{rioﬁ to fhjection into aniral mocels the ]
reaction mixture was passed tirouch Dowex | x 4-anion exchange resin
tole]fwinate the majority of the free pertechnotate as shown in table °.

This yielded a final **"Tc-bleomycin complex solution of anproximate ly

9¢
. . Table 7 )
\
Radiochemical Purity of *°™Tc Bleomycin Complex
. Gé]wan ITLC (a) : Eastian Chrowaarars (a)
: ® =
P at RFQ . % atyRf .9 “at RF O % at Rf .9
1 80.81 18.2 84.7 14.3-
2 8.8 16.9 82.1 7.2
3 83.22 15.9 83.4 - - 15.9
Average label  82% 83.4%
(a) Developed in 95% ethanol at 22°C. \
!
& ) .



Table g

k]

Dovex 1 x 4 Anion Lxchance

Extracticn of Untound **"Tc frem **MTc-Tleomycin Complex {a)

~

Pre Dowex 1 x 4 Purification *
Reaction  Total Flate C"1 (M at Rf .9 Unbound **M7¢
] - 476,07€ £2,837 17.4
2 384,197 - 73,320 18.6
3 . 370,159 62,357 16.9
Fest Dowex 1 x 4 Purification
1 292,472 12,283 | 4.2
2 314,416 » 11,31¢ 3.6 '
3 216 .94 . 9,36 4.3

Average 967 yield
(a) Developed on Gelman ITLC with 95% ethanol at room temperature

) l . \\~J//f"‘\\

s 0
[ 74



V. [rara ‘gy:jii

Al

Ao Frclimivary Tiscue Distritution
|

1251-bleomycin

A prelirirery uptate and distribution study, using
A-, vao undertaren to ascertain the tarereters for a more detailed
exjeritont, At tire intervals of one arcd one helf, three and $ix
hours after inicction, via the tail vein, of anproximately 15 1.Ci of
the radioiodinsted tlecrvein, turor-bearing mice were sacrificed,
and saerples of a varicty of oreins vere obtained and assayed. lhe
assays of all tissue sanples were determnined using the Searle 1195
carma spectrorieter.  Tiscue samples of lurn, liver, spleen, kidrey,
]eq muscle, testes, brain,‘ihtestine, femor, heart, skin, tumor and
blood vere obtained, washed.in.normal saline, blotted dry, and
assayed in indivicual olass countina vials, lable 9 exhibits the
results and indicates that low levels of radicactivity were detected
in the bone, heart and aut. Activity in the bcne, skin and heart may
~be{associ§ted with residual blood activity. The results of these
assayé wer§ expressed as counts per.minute per milligram (cpm/mg)-io
obtain relative ratios between tfssﬁes cnly. The lung, liver, spleen,

testes, muscle, tumor and blood were chosen as the organs of interest

for further study.

o
$

The carca@ses vere disected into head, body and tail and these
portions’ were assayed individually for rﬁdioactivity 1h the small |
animal‘who1e bod}fbounter. No abnorma1‘e1evation of radioactivity
was noted in the head, which would indicate free iodine being taken

’ub by the thyroid ff the nuclide was being released during in vivo

4



Prelirinary Ticcue vistritution of *°F

Tissue

Liveﬁ‘
Spf&en
Lu;g
Kidney
Testes
Muscle
Tumor
Blood (c)
| Brain
Intestine
Bone
Heart

Skin

"
in Turer fearinn

1.5 Hours
58 6
31+ 4
96 + 10

547 - 81

146 - 13

97 : 11

241 + 25
L 6M2

26 = 2
43 + 3
74 + 6
36+ 4

112 2

10

Tabi1¢

3 Hours
21 ¢
12+ 3
43 + 4
212 + 31
127 16
44 + Q
106 = 18
4632
N 12 + 2
18 ¢+ 3
27 + 2
,51 + 2,
101 £ 1N |

I-Licomycin A

Mice (o) (t)

6 Hours
10 «+ 3
b+ 1
9« 2
161 + 14
61 + 11
10+ 2
66 + 9
714
4+
10+ 2
14 + 4
9+ 1
€4 +

(a) Expressed as cpm/mg of mean of 3 anima]s}: S.D.

(b) Fifteen microcuries in 0.1 ml was 1nJecte1 1nto each
animal intravenously.

(c) cpm per 0.1 ml whole blood.

- -

et



metateler . A lack of <ianificant racicactivity in the tail indicated
thet there wes Tittle residual *“*l-jodebleomycin retained at the site
cf iricction,

E. Tissuc Uictritution of *~"I-Uleomycin Complex in horral Mice

This studvy was corducted on 20-25 an youna rale IPC Sviigs mice
at the desionated tire intervals aefter injection of 127 1-bleonycin
corplex. The iniccted material was prepared by the electrolytic

iodination procecdure and was deemed 7 pure by chromatogranhic

assay. The solution contained 25 C1oper 0.1 ml of a specific

activity of 77 (i’ Crours of six rice were sacrificec at cre, tuo,

three, four, six, twelve and twenty-feur hours post-injection by
ether asphyxiation. A velure of 6. ml ¢f whole blcod was immedj:te1y
removed by direct cardiac puncture and the desianaged organs were
excised, rinrs2d, blotted dry, weighed and placed in glass counting’
vials. These samples were then assayed for radioactivity in the
approprfate,gswwa spectrometer. The results are illustrated iﬁ tab]é

<

10and figure 15.
Q ,
Une hours post-administration of the !25I-bleomycin comnlex the
blood, kidneys,'lung aﬁd testes showed high levels of radioactivity.
This acttvity rapid1y‘deefeased as. the material cleared from al}
tissues with the exception of the kidney which retained .Sfldf the ;
injected dose per gram after four hours. Elevated 1evels_of radios

activity were noted in this organ throughout the study period. The

assayed radioactivity in the other tissye samples reached low levels
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at tre four hour poct-indection tire interval anc at Six hcurs only
C.00 - .03 of the 1ni;ctcd dose per araer cof sarple rerained.

1

C. Ticsur Distribution of [-Bieonycin /. in Norral Mice

The tissue distribution of radioiodinated bleorycin A. was then

stucicd in g gioun of roreal vicef Thig A. sub-fraction had been
previcusly prenared by the silica-cel colurn chrematoaraphy seraration
procedure descritod earlier and was radiciodineated electrolytically
urder optirum conditions te yield a product of specific activity of
70 LCi/ma. Porticns of 0.1 ml of ' *1-bleomycin A, were injected,
containing 5 .Ci, via tail vein into forty-tvo animals. Groups of
six anirals were serially sacrificed at the spécifwed‘tiwe intervals
ard the blood and excised tissue éavp]es vere assayed for radicactivity.
Table 11and fiaure 16 indicate the results.

Again the blood, kidney, lung and testes exhibit the hichest.
levels of uptaké, at one hour post-injection of '4°I-bleomycin A,.
The tissue clearance of this maieriaT was assayed and very low levels
of radioactivity were noted at four post-administration with the
radioactigfty diminishihg to 0.02-0.C3“ 6f the injected dose per qram
in all tissues except the kidney. This organ retained .4&% of the
injectea.dose per gram even éfter six hours. The levels of‘d1str1bu~
tio;‘%» this studv wwth the iodinated A, sub- fractyf??*and those -usina
the 1od1nated cemplex were found to be very s1m11ar 1n Q\T aspects

‘ 't - T . ‘ .
There was no actual ‘sicnificant d1fference in the { T4

distribution studies uéinq norﬁa] animals, when the data was SUbjeéted

r'~

to an unpaired t-test at 5 level of siqﬁificance and 10 degrees”of‘j

freedom.

(a
N
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cotverr Covider in Mice Mearirg a

fsciten Tuor

irncoglates 4tk Thelich ascites cells in

ti turor elloned te dncubate in vivo for
RN VA o ccli ron-reriie rass could te palrated
et thi . Clice iodivfted,“i}-b!fomycin corsler was
L P at tne predecicrziod tire intervals arouns
of <iy ar > seorificed, A 0.1 mY soluticn of this rateriz)
conteired oroa cuec fic ectivity of ©7 LCi/ . Blood and tie
vericu 4 woles were retoved and asseved for radicactive
uitetbe

fs nute teble 0 ard fitures 17 and 18 hioh end persistent

turor levels Fexhibited and at sin hours nent-iricction yielced

raxirum tuor:Lige and turor:ruscle ratios of £:1 and 16:1 with tkp
. _

excepticn of th dney levels, the other tissues a3 this tire

interval had 1y reached the low levels of radiocactivity

- observed in ¢ crmel ariral distribution studies.: The tissue ard

b]ood levels decrecase ranidly after about two to throe hours post-

{
jn3ect1on.

£,  Tissue D1s*r1but1on of 12° 1-Bleomycin A, in M1ce Bearxgu a

Sokid Form of Ehr11ch Ascxtes Tumror ‘ ‘ Y]

A cemparative study using the‘!hr11cr asc1tes mouse tumor model

was conducted u51nq e1ectro]yt1ca11y iodinated ”51 b1eomyc1n Az

R4

After 1ntrﬁvenous 1n1ert1on of 14 ©Ci of the 1abe1ed ¢ompound, groups

of six amirals were sacrifi ced at the varicus time neriods.
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- PERCENT OF INJECTED DOSE PER GRAM (% doseigm’ ")

»

0.10 p

i 125 B ~
Relative Concentraticns 0 | ieomycin
Complex in Tumor, Muscie and Blood

122
[ 4 ' JF

100 |- 4100
Q
NS Q
090 I ® Blood 4090 9
A Muscle o
B Tumo , v
080 mer - topo E
o
0.70 070 ff.
a -
e w —
060 0.60 8 E
N = P
o g
050 0.50
]
Q o .
| w3
0.40 0.40 z
| W
0.30 030 ©
-
. 2
O
0.20 0.20
. (0 08
W
a
0.10

L1 - 1

e
" TIME AFTER INTRAVENOUS
ADMINISTRATION (hours)

1LY ".u

&<



' - | 137

[]

Plood o i a7 e st d e vdertica) ranrer
eV GO gt el vt o darred e elaco cogrtine viade
Trooregn e of Y caycent decs Ter cras retoining in the sarnles $
after cor actviioor s ancav cre ey in tat e 1 and ficures 19 and

9 N
:)V ~

Solaceh et el raicactive wtave o noted an lura and tegtes as
well o the bidney, Bloed and teror Lot this s ranadly cleared Ly

P2Ertleomrcin AL hesidual hion

Ao bours ront-indection of the
levels rocin in the Liﬁngv and turor, ond mexirun tuVur:vQ3c1crand
tULQr:bltnd tf rqti(; 15:1 and .01 restectively occur gt six hours.
feoan the nerval arin 21 <tudies thb'kidney-rota*ngd&apprdximate1y
CouoF the Godected dose o rer cranr six hours tost-adninistration. ‘
“Jiaain there vas no sianiticant ¢ifrerence exhibited gotween the
radiciodinated h]euﬁycin cornlex and A, when the data wes subj?cted

to a t-test. ' \ " & | \ o

~The results of these studies tend to aaree with the recent

97 .

findiras of [ckelrman et al His study on turur bearing rats usina
) - »

different sub-4ractions chelated with *’Co indicated that bleomycin

AR, and B, are distributed bioloaically in an almost iaentical manner.

As the bleoyyc{n‘cgrplex consists ot about 90° of these two components
it js expected fhat the complex and the bleomycin A, would be comparable
‘1ﬁ distribution, -

F. ' Tissue Distribution of **™I¢ bleomycin®in T of Bearing Mice

Bleomycin complex was iabeled with 93071¢ ysing th pyrophosphate

reduction method of Rardy!’ -Aliguots of 0.1 ml cohtaininq 650 uCi of

. this solution were 1njected"intravenoUs]y into the tumor bearina mice.

‘ ) L35
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PERCENT OF INJECTED DOSE PER GRAM (% dose gm'1)
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Relative Concentrations of 129 Elcomycin
/\znn Tumor, Muscle and Blood
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A Muscle
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0.40
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TIME AFTER INTRAVENOUS
ADMINISTRATION (hours)

PERCENT OF INJECTED DOSE PER 0.1 ml PLOOD

(% dose 0.1 mi' 1)



Are AR NP COTUTTC At the e prediter e e
intery ol on foplocd an the rrovicy seudies . The varioge ;i”,mg
< N I TP cecwae for radigact oty oon .’18 antronyiate |y
Coaahreted S R A1 ccuets virs correcte? forVWhva1Ca1
peoresuite ainar et Fiogee 21 o d table Thof thic

( v Lty 1 o reorat ¢ oot idoner Tevel of untake
R U TN Pthoteg e aips ted o lee soars, The very rarid

. . ” ;
Clearorve Trgn tne ticges vith the excention of the Vidney 15 algg
auite rotice e Trog hier Yoo Ys 0% raciol tiaty ﬁcrsisfed in the
EIocd w0 to feue hours rasteon e tratien of i ’*mTC L]Pﬁ;\c1n
ard parelleles the tgor fevels. Tt the six hour dire intefva1 the

!
and

turor:hlood

aoereeront with

As shown in tatile
>

consistently hichay with the radiciodingted

95mTc labeled . nrocuct.
'of the blood exhibited

Thakur' s® resul®s that

wrerane

these bt

in the *

616 ratro wes i1 These results dare n

©Ln oL al.’”

ained b

Vo the turcriruscle ard turcritlood ratios .ere
' 7 '
tleoryeins than with the

The elevatec ard prolonted radicectivity values

'Tc bleomycin study would substantiate

-

the 99mTc vwas beina metabold ca]]v*d1ssoc1ated

from the b]eC“vc;r wc]ecu&e\qu b1nc1rr to the’ a]bumwn

De Hardo’ 55‘ 52 ypitial tissue d1str1but1on studies using ~1“I and

a—"
‘231 1odoo1e orycin cowplex y1elded tumor: Wuscle and_tumor: blood ratios

of 36:1 and 12:1 respectively. The sp4p1fic activaty of theﬁradio-

iodinated bIeomycih was in excess of 100 mCy/ma.

“The present, study

- of this thesis utiljzed §pecifjc activities of no more thanlSOO LCi/mg’

for the aniral studies.

14
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PERCENT OF INJECTED DOSE PER GRAM (% dose gm'1)

09 I+

08 p~

A0y, , -
Relative Conconitrations of “~»MTe . Bwomycu’
Complex i Tumor, Muscle and Blood

- - 10
<
409
® Blood
A Muscle 408

£ Tumor

©
~N

06

o o o
(¥ & . on

o
N

o

1 ! DU BN |

o 2 3. 4 s 6
TIME AFTER INTRAVENOUS
ADMINISTRATION (hours)

A)

-«

¢ PERCENT OF INJECTED DOSE PER 0.1 ml BLOOD

(% dose 0.1 ml'1)



Cormy ot vt B ot G 10
of (1_)| S . '-:r. roL ‘o
ot ’(\__, i 3 e vh oL Sarr "\\_{ /d L‘
Py . 1 [(\S‘ ! 113 yaton l‘yr
N VIR 1 ¢ 3 4 £
Clebleo o A 2.1 RIS 5.5 12 °19
Lo Tablec wein cot olia 2.1 3.4 &.2 10 16
T bleeryair coplex 5.3 2.9 4.4 1.7 3
Turior:Blood
“*I-bleomycin A, : 0.45 €4 1.7 4.5 9.5
'251.bleomycin complex 0.44, .66 2.6 6 8

99M1c _bleomycin complex 0.8 . .66 1.2 1.5 3

(a) Expressed as . injected dose gn~! of tumor tissue compared

~to & injected dose an~' muscle tissue or : injected dose
0.1 m*1 yhole blood.

(b) Mean of six an1mals - S.D. at each time 1nterva1

v
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I YOy l‘("((f‘,';;“\:“,“;f_ Ly Voo o her and il rCPOrtS t.’»(‘ (‘(7(“,&,‘%
]
GF g aiTie Ity O the ticue Tecatisztion of varicus radio- é

phoesare s bo s R e i il ectivit, \fas increased the tarqet
Ot taraet retTor Trevcased and these werkers cungest trit a
Caret ré]»;‘au1%’; Crints beteeon the adinistered mass and the
retuitant tarnet concentrations.  Therefore, as the binding siteg
Ve Saturiten i diitsbe occurs and crcess is spilled over to
NoRtarael areas.  The fow specific activity used in thic study would
contyin o lrrue yerticn of ron-radioactive bleomyein which wou]c Cr
occupy avail:ble Lirding sites in tarqc* tissues and decrease the
relative binding of radioiodinated molecules. - This factor whuld

. ) @ o .
tend to lewer the radicactivity levels in specific target tissues
such as in the tu or and pessibly elevate the radioactivity levels
in secondary sites. As hleormycin has an affinity/for proliforative o
tissue the cecondary or noﬁtarget site wculd probably be the gonads
and vould explain high testicular radiocactive upfake in some 6f
the studies conduc&edﬂ '

-

G. Whole Body Excretion

-~

A dose of 15 .Ci of '?*I-jodobleomycin A, in a volume of‘O.] m1
was administered intravenously'to three mice, Chromatograﬁhic
anélysis of the lt25I-ibdobleomyg:in>indicated that 96.5% of the
radioactivity was associated with the bteomycin and tbuﬁ 3.5% or -
.525 .Ci of the dose existed,as free Na'?%1, - .

Ten mwnutes after administration the total whole body Tad1o-‘

act1v1ty was determwned in a sma]l whole body counting deV1ce. The



4

Codnt ¢t T g LOHS;JLYfJ as e i!it:g]_]]O r:dioautivit} for
the bedivit, o) vngce ars 011 sutecnaint valuos were corrected for
Cophesizal dita, erd et an g recent oF this “igqure as shoun
Troteble Y00 Tre oo tor, r:dioactivjz. was determined at tire
intery s of ene, sia, tweToe and Guonty-fcur hours and tren daily
for ten livs N
//?hc radio;cti:it; nas-c1edred rapidly frem the bodv with over
3 beira ecreted in forty-ciaht hours rost-adsinistration, Although
;ttC'D‘S.WPr& nade £® inducc wrinaticn prior to assay, residual
urine in the bladden 07 the mice as well as extecnal radioactivity
on the(fur, wa? contritute to elevated vhole body radtodciivity levels.
Ankexcretion curve was conétructod and the tﬁo components
‘resolved by extrapolaticn of thovlinear seqgrents to the appropriate
axis, The rgoid compcnent, was found to have‘g half life of slhght]y‘
‘more than-.one haif dav and the slower component had a half life of
six and one half days.
© These results confifm the in vivo stability of the 2°I-iodo-

bleomycin.

If netabtolic dehalogenatior was occurring -the slow .

corponent would be increased considerably due to free '2°I retained ¢

t

- by the thyroid.

»
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Eroretior Feto ol Tata) Paso b vedep of

¢
——

Following Irtravero o Mdodnictrtion

7 . . - ’
of “rol-dcdublec ot A Tad ()

Reraining (¢)

0 ‘
T 10 min : 100.0
60 min . 93.9

6 hours B 74.6

12 hours 54.1 -

10 o | 1.3

Y.
(a) 15 .Ci/0:) m1

*

Sonastration Percent ¢f Pagicuctivity

Y

{b) Determined by whole body counting and counts corrected for

physical decay;

(¢) Mean of 3 ani;ais - S.D.
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T. = 0.0 davs

Time Fost-Intravenous fcriristration (days)

N,

~Corpartrenta) Distritution of i'hole Eocv Retenticn Curve of '?°1]
. oL . L]
, ) ot 5
Atter Admimistration of '?25]-bleomycin ‘A,

i
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\/‘ \
A chrosatogranhic technioue was developed to effectively isolate
: >

and parify bleomycin A sub-fraction from the commercially

available complex (Dlerorane), An overall vield of 35.7° was

obtaired from the process.
\ .

o A .

Utilizirng an elcctrolytic cell, »leomycin.complex or A. sub-

fraction could be radioiodinatec to predictable yield levels

of up te 9. Chromatoqraphic analysis of the resultant '2°¢]-

iodo-bleomycing indicated no qrouss chanaes in thelr migratioral

behaviour, sugnesting that the rolecule was not adversely gffected

under the'iodination conditions.

A rapid and eff}cient method, uti]izing‘Ge]man ITLC chromatographic
material and 95 %thano] as the solvent was developed for assaying
réaction pfoqress ana radiochemical purit;. This techiique

yiﬁéded results that were consistent. with the other more conven-

tional methods in one-tenth the timg.

A final purification technique dsing a 2 mm bead bed of Dowex
1 x 4 anion exchange resin effectively removed any unbound Na'?°]

from the terminal iodinétion reaction‘mixture. The resultant

radiochenical purity of the 12%]1-iodobleomycins after this

© treatment was in excess of 95, ‘ AN

4
v

It was found that rad4o1od1natcd bleomycins were stab]e at 4°C
and at room temperature, dnhaIOuenatlng at the rate of enly 0. 7“

and 17 per day The carbon-iodine: bond remained 1ntact in the

presence of Cutt 1ons and a loss of 125 of the radiolabel was

-

q ‘ . ’ : . NS
B



1

Toobserved when U Toictdol ler v Cins vere exposed to 100°CTfor cixty

rinutes.

bol-blecvedn comles of 17°1-

Ticsue distrituticn of the
b]corQLiw A, sub-fraction shoened no significant di%fﬁrences

in eitter normal or twmor-tearing mice, Uptaké of both corpounds
was rapid in all tissues but had Llecred noticeably by six hours
post-edministration with the exception of the kidney and tuuor.
The residual radioactivity in“the tumor yielded maximum tumor:
blood and tumor:wuscle ratios of 9.5:1 and 19:1 respectively

for the '“"I-iodobleomycin A; and 8:1 and 16:) respectively for

the ' I-iodobleomycin complex at six hours post-injection.

Comperalive tissue distribution stﬁdies with 99mTc-b1e6mycin
conplex showed rapid and hiah initial untake of the radioactivity
with a subsequent rapid clearance from a]i tissues with,the .
exception of the blood, kidney and lumor. High blood radio-
activity levels persisted and yielded a paximuin tumor:blood '
ratio of only 3:1 at the six hour time interval. The tumor:

muscle ratio at this time wds also 3:1.

Excretion of the ‘zsl-iodob]éomycins from mice was rapid with
only 16.8° of the,admih{stered dose detected by whole bo&y

counting after forty-eight hours. A whole body excretion curve

indicates two components, a rapid segment with a half-1life of

one half day and a slower segment of six and qne half days.
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R R S O E A PR RN (AR IS FUTOUNTE S S IR FUFSUNNTOS ST PIVTR DA rrodyce @
Vot ey e Tarae e e e e e ST iy ity apd e VIVE,
PO Gt e it Y e nucde s ointiry anhac

1' (rv' Coutd b conruTted e e et o) Tat i or datectior
Corve e crdn U el iro s s ittt i ge GF various

T e A B LT REVOR e tee e g troctior cest for diselatinn
tre puee e sl - h.t‘nm‘ and e et Coafentical tiscye
Crotonbutior coatern b e e e e LY Y6 i pur:1e;,

¢ eractycn]l radic ar coogticsd cogle te vp dured by padioradination
of tro o omevcic 1Y s\:iixb1c bleos scin comn s, nile the electro-

Tytre teetodnt o not o ranid as ctrner Sadinatien ot ods, the

)

Cs rake it the 1ot oo of cheice i1 resction
tive s nnf a foctor,

The antrocuetien of the 5:1mar }TLC'\ualitv certrol syster has
mrovidea an eytraielv ranid ﬁethpd of testira radiocherical puritv,
A tnga] of ten rinetes was all tfap was reouired fef cornlete

chrovatiuerapnic essay ard analysis using this system.
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