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Several m°taods are availaole for binding 991'Tc to alburin
(1-4). Nany of tnese metnoas involve reduc1n5 syst°ms which can
 convert hepuavalenu Tc(VII) to its lower oxidation states (5-90).

It is possible that this reduced technetium is the form which direct-
ly or indirectly bindé,to human serum albumin (HSA). We have stud-
ied two reducing systems for S8Mipe labeling of albumin and poly-
peptides. These two prccedures involve the use of either Fe(II)

or Sn(II) alone without ascorbate or other materials. One of these .
labeled polypeptides, ®SMpc_caseidin, prepared by the Fe(II) or

the Sn(II) procedure eghibiﬁs a remarkable localization in the

renal cortex,apd these observations are the subject of a separéte
communication Zl). In this paper, we describe ogtimization of
parameters for 9°7Tc labeling of HSA in the Fe(II) and Sn(II)

methods, compare these methods with others, and discuss the chemis-

try pertinent to technetium labeling of proteins.

Y

Materials and Methods
Fe(II) as FeS0,°7H,0 was obtained from J. T. Baker Chemical
(Phillipsburg, N. J.S, and Sn(II) as anhydrous SnCle‘was obtained
from Mathescn Company, Inc. (Norwood, Ohio).i Both were dissolved in
suitable HCl solutions. HSA obtained in sélid form from Pentex, Inc.
(Kankakee, I11l.) was used in the study of Fe(II) procedure, and that
:obtalned in solution from Cutter Laooratorles, Inc. (Berxelev, Calif.)
“was used in the study of Sn(II) procedure and in all ig»zizg‘olstrl—
bution studies. Qg?Tcoﬁ'waS‘éluted in physiological saline from a
e éenerator (Ne& England Nuclear Corp.,ABoston, Mass.). Labeiing
was carried'oﬁt in a small‘beaker provided with\a.magnetic stirrer.

pH'was monitored with Beromatic II pH meter (Beckﬁén Instruments,

-Inc., Fullerton, Calif.). When terminal elevation of pH of labeling



mixture was desired, tne mixture was titrated with appropriate

_strengths of NaOH solutions to keep volume cnhanges minimal. A

:disoosable anion exchange column prefilled_with AG1-X8(C17), 100-

200 nesn, 0. 7 x 4 em (DlO -Rad Laboratories, Richmond, Calif.) was.

used to renove anionic ®9MTc. TFlow rate through the column under

gravity was about O.4 ml/min. AAdsorption of HSA'to the AGl-X8
resin was evaluated by passage of prepared o9 e _HSA through a
second column with and without prior saturation of the column with"
HSA. The adsorption was fonnd to be negligible wnen the amount of

.4

99Mpe_HSA applied was about O 1 mg or more. Radioactivity of ®9°Mc

in the generator eluate and in tne preparation was assayed in an ion-
N

ization chnamber (Mediac, Nuclear- Cnicavo Corp., Des Plaines, Ill.).

Ascending radiochromatographic analysis of the preparation was per-
formed on Whatman No. 1 paper in methanol. After the development,

99Mpe activity

the paper strip was cut into pieces and assayed for
in a well-type crystal scintillation counter. Where necessary,

ionic strength of the reaction mixture was varied by adding solid

"NaCl. The ionic s»ren”th was calculated accordin5 to 1/2 zC_2z2

iii
where Ci and Z; were cqncentration.and valence, respectively, of

~the i th ionic species in the mixture (8). - In the tissue distri-

- bution study, Sprague Dawley rats (Bioscwence Lab., Berkeley,

~—

Calif ) welghing 220-28L4 gn were ligntly anestnetized w1tn sodium

.pentobarbital and given O 2 ml of the preparation throuah a tail

vein. Two ml cardiac blood, the entire 11ver, and kidneys were re-

-moved in the said order and assayed for 99MTc activ1ty. Appropriate

Adilutions of the preoaration were used as standards.

"

The steps in our preoaration of ®9Mpc_Hsa u51ng Fe(II) or

Sn(II) were as follows: Fe304 or SnCl2 solution and HSA solution-
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were added in tnat order to generator eluate. Unless stated otner-

wise, volume of the reaction mixture was 2 ml consisting of 1 ml
generator eluate, 0.5 ml of the metallic salt solution, and 0.5 ml

HSA solution. The mixture was then passed through a column of

AG1-X8 resin either after terminal elevation of pH of the mixture

by titration with NaOH solutions or dir ectly-without such prior titra-
tion. The reaction was sufficiently fast so that no delay was nec-

essary between successive steps. Non-anionic ®8Mpe yield from the

procedure was expressed as % initial ®%0pc that was recovered in

effluent from the column.

Results

Fe(II) Method. When Fe(II) was used, optimal ccnversiocn of

oSMpeoy,~ to non-anionic forms of °eMTs never occurred unless terminal

A Y

titration of an ally acidic mixture to a nigher pH was
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regardless of the initial pH of the reaction mixture (Tables I and II).
When the pH of the initielly acidic reaction mixture was terminally
elevated, the yield ofinon—anionic $eMpe increased with increasing
terminal pH until precipitation occurred 1in tﬁe mixture with asso-
ciated fall in recovery from the column (Table I1). To'evaluaﬁe
whether non-HSA- bound ssmTc mlgnt be a major component. of the non-

anionic ®9mTc, reaCulon mixtures from which HoA was omltted were

.passed through the column. In such SuUdleS, elther w1th or without

‘termlnal elevation of pH of the blank mlxture, the percentaee of 99mTc

{

‘recovered in the column effluent was at most 0.15%. Tnls su”gested

that the 99Mpe getivity which passed through the anion exchange col-

umn when HSA was present in the reaction mixture represented 99mTc

[y
’
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bound to H3A and 2lso, in the absence of precipitation in the mix-

&~

ture, that activity in the column effluent was a measure of the effi-

Q

ciency of label ng with ®SMTe in the procedure.
For a given amount of HSA used, an optimum Fe(II)/HSA ratio.ex-
‘isted for maximum labeling efficiencies, With relative excess of
e(II) over HSA in the reaction mixturs, co-precipitation of iron
hydroxide and HSA occurred at a terminal pH of about 5. Under these

circumstances, the resin column retained the pr itate, and the

-

column effluent contained little of the HSA and ®9™Tc used in the
reaction. When the precipitate‘was redissolved by reacidifying the
mixture prior €o its application to the column, °%%Tc recovery.in
the column effluent was found to be good. When the reaction mixture
contained 0.4 and 2 mg HSA, respectively, and 15 pmole Fe(II),
initial recovery was 0.05.and O. 13 <respective1y; and subsequent to
reacidification the respective recovery was 30 and 504, These results
indicated that poor 99mTc—HSA yield in the case of relative Fe(II)
eXxcess resulted from poor recovery from the anion exchange colunn
‘due to co-precipitation. Fig. 1 shoms the olot of 9°Wpc-HsSA yield
against Fe(II)/HSA ratic. The sharp diminutlon in yield after the
maximuh yield'had been reached and as the Fe(II) conoentration vias
increased cownc1ded with appearance of precipitates i the solution.

VA sharp fall in the maximum yleld at low concentratlons of HSA (O 5-2

mg HSA) apoeared to be a result of low concentrations of both HSA and

i
[

Fe(II). R oo ‘ : g

‘\

Results in Table III ‘show that the yleld of °9™Tc-HSA was greater
the lower the initial pH of the PedCthU mlxture. A lower initial pH
is associated with a greater lonic strength as well as a higher hydro-

gen ion concentration. HSA (lmg) was found to salt out from a reaction
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mixture at pH about 5 wnen its ionic strength exceeded about 0.8 M.
Within this limit, as shown in Fig. 2, increasing ioni »atren th

tended to enhance the yield of ®°MTc-HSA. Furtner, for a given ionic

strength, a greater yield was associated with a higher initial hydro-
> o o -~

gen ion concentration.

Sn(II) Method. When Sn(II) was substituted for Fe(II) in the

labeling proceaure, high yield of non- anlonic ssmTc was p0531b1e W1tn—
out terminal titration of reaction mixtures. AS shown in Fig. 3, wnen
four different series of reaction mixtures at pH-l-4 containing véry—
ing amounts-of Sn(II) ;nd 4SA were passed through the anion exchange
column withoutxprior terminal elevation of pH, maximum yields of

\
75-90% of activity in the column'effluent was reached at pH about 2.5.
At pH below 2 and above 3, the yield of activity in the column ef-
fluent tended to fall off rapidly. This suggested tnat °°MTc-HSA
could be readily made at pH about 2.5 using Sn(II). Wnen HSA was

9,

omitted from the reaction mixture, the quantity of osMpe which was
capable of passing tnrough the anion ekchance column plotted-as a
function of pH of the blénk mi§ture resembled that found with mixtures
containing HSA (bottom curve in Fig. 3). When the blank mixture was

applied to a mixed anion (AGl—XB) and cation (AG5OW-X2) exchange column

(O 7 x 4 cm), at most 1% of the initial eoMpe passed .through the col-

umn. Superflcially, 1t appeared that HSA 1abe11ng u51ng Sn(II) en-

tailed formaulon of ‘certain caulonlc intermediate forma of” ssmTc To

furuher evaluate thS pos31b111ty, generator eluate with added Hy0,

' was used to pr eoare reactlon mixtures at DH 2-2.5 oontalnlnﬁ Hy05

(O 015%, v/v) in addition to Sn(II) with and wlthout HSA in the mix-

—

ture. Wnen these mixtures were applied to anilon. exchange columns,
less than 0.6% of the 29™7c¢ was recovered erm the column regardless

of whether the mixture contained HSA or not. " Since formation of

Y

1 . 0
K
+

/Y
Ve’




-6-

cationic 9°™Tc in the bdlank mixture and, apparently, 99“”0 laoeh.no

)

of HSA (vide in;r ) inlthe mixture containing HSA were both inhivbited
by the oxidant, it appeared that bothithe formation of the cationic
°9MTe and the °°™7c¢ labeling of HSA using Sn(II) involved formation
of a cationic inter 'ate form of reduced °977Tc,

The capability of this intermediate form of o9fms to break through
anion exchange columns raised the question whether such breakthrough
of non-HSA-bound 99W;Tc might have accounted for a substantial Dor-
tion of the.25MTc yiela in HSA labeling. To evaluate this, reaction
mixtures at pH 2.5 containing Sn(II)'with and without HSA were passed
througnh tne an;on exchange column, and the 89%pe pecovered in the
eluate wae analyzed by paper chromatograpiny. Results in Table IV
show that about 94 of the applied ®°%Tc recovered from.the mixture.
containing HSA remained at the first 2 cm, and about 47 reached the
5-7 cm region apparently ae pertechnetate. In cohtrast, about 11¢ of
the applied ®%7c recovered from the blank mixture (no HSA present)
remained at the first 2 cm resembling labeled albumin, and about 82%
reached the 5-7 cm region resembling pertech neuaue. Since the blank
ssfiqe initially passed tahrough the anion exchange column but subse-
quentij a large fraction of this material behaved on the paper as per-
technetate, 1t is possible that the Sn(II) ini ia11y reduced theAper—

technetate allo ing it to pass through the column but this material was

“subsequently reoxidized perhaps on the paper, to pertechnetaue. The

11% of the 99mTc remalnlng close to the origin may have been associated

l

" with Sﬂ(IV)Og When HSA was present in the reaction mlxture, most of

the activity behaved cnromatocraphlcally as thouoh it were bound to

"HSA consistent with the assumptlon that reduced technetlum efflciently

. N .
’ kY

bound to HSA when‘it was present.
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Tissue Distribution Studies. To evaluate the nature of the

ssr"‘c-r{S!\ prepared b& the Fe(II) and Sn(II) procedures descrived .
above, we studiedvssmTc distribution following intravenous adminis-
trationrof these preparations in rats. Since metallic salts were
used in the procedure, attention was directed to possible inadver-
tent.recovery of c01101dal forms of 99™7c in the ®9™pc-HSA prepara-
tion. For comparative purpose, similar SbUdleS were performed with
99Mpc-HSA prepared using ascorbate alone and ascorbate plus Fe(III)
by a modifiCation of the method of Harper et al (1) and of Persson
end Liden (2), respectively. Table V snhows oompe distribution within
the body of rets 15 min after administration of each of eight gemTc-‘
HSA preparations. Five of the six scintiphotos of rats shown in
Fig. 4 were taken 10 min after administration of Pr eparation #1, 2,
3, 4,and 7 of Table V. Using the Fe(II) method, for the same re(II)/
HSA.retio of 0.5 umole/mg‘(Table Vv, #4-86), a terminal pH of 5.6 re- -
sulted in a preparation with a good portion of its sswlTc capablevof
rapid localization in liver wnile a lower terminal pH of 2.0 yielded
a preoaratlon similar to that obtained by the ascorbate plus Fe(III)
procedure, Further, for a 31m11ar termlnal od of about 5.5 (Table
Vv, #3 and 6), there was little yield of such l;ver—locallz1nb forms
of ©9MTc when Fe(IIL)/HSA ratio was reduced from 0.5 to 0.1 priole/mg
by increa31nc the albumin content of the reactlon mlxture to 50 mg. =
with °°MTc- qba prepared at pH near 2.5 by the on(II) procedure,
the SsmTc dlstrloutlon resembled that found with oreparatlons ob-
talned elther by the ascorbate plus Fe(III) procedure or by an op-

tlmized pe(II) procedure (Table V and Fig. 4; ef . 42, 3, 4 and 7)

. When the Sn(II) proceoure was cartled out at near neutral pH, direct

A\ ]
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.injectisn of the reaction mixture resulted in localization’ of 84-89%
of the administered ®°MT¢ in the liver and»of'5.8—7.8% in the spleen
130 min after injectioﬁ. These two ranges of measurement applied
to results found with three different reaction mixtures at pH 5-5
. consisting of 5 ml ”eneratov eluate, 0.5 ml Sn(II) (1 pmole), and 1
ml HSA (5, 10, and 15 mg). A rat 301nt10noto taken at 10 min after
the administration of such a mixture is showm in Fig. 5 (#9).

tnen Fe(II) and Sn(II) procedures were used in the'prepafation,
renal localization of gemTCJactivity was less than that obtained
when the HSA was labeled using ascorbate or ascorbate-plus Fe(III)
method (Taple &). With the ascsrbate procedure in pafticular, there
was appreciable early urinary excretion of the administered 99y
éossibly related to formau-on of Ssm”c ascorbate complexes (Fig. &4,
#1). This appeafsd to account partly for its relatively poor reten-
tion in the blood (Table V, #1).

Diséussion
 Ascorbate alone, aSéorbate plus Fe(III), Fe(II) alone, and Sn(II)

alone, have been used to achieve or to promote reduction of Tc(VII)
apparently to Tc(V) in the presencé of thiocyanate in a colorimetric
determination of Tc which presumably depends os formatisn of a. tecn-
netium(V)thiocyanate complex (5,6). It is often assumed that lab-
eling of HSA with 99™p¢ requires reduction of ®°MPc(VII) to ifs lowi-
"er oxidation ststes'(l 3). For this pufpose, ascorbate ﬁithout
Fe(III) is a usable, albelt an inOfficient system. Addition of Fe(III)
'to the ascorbate results in a more elflclent system. Use of‘Fe(III)

‘alone does not result in labeling. In the present~study, Fe(II) alone

-did result iﬁ labeling and did scﬂas effectively as the ascorbate.

AN
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plus pe(III) system. e also found that Sn(II), which 1is a more

vpowerful reducing agent uhan Fe(II) (9), was effective in causing

ssmTc,bmdlng to albumin at much lower coancentration than Fe(II),

‘put was totally inhibited by traces of oxidants. Drs. Richards and

ILebowitz at the Brooknaven National Laboratories and others have
used a similar Sn(II) system for labeling of proteins (10). Thae

success of the Fe(II) and Sn(II) reducing systems is consistent with

the hypothesis that reduction of Te(VII) is involved in the labeling

of proteins. It has been stated (11) that ascorbate reduces Fe(III)

" to Fe(II). Although ascorbate itself is a reducing agent, the rela-
\

tive ineffectiveness of ascorbate without Fe(III) could be related
to a sma11 probability of reaction vetween two similarly charged
partlcles, such as ascorbate and pertechnetate.

Fe(II) in acid solution is relatively stable in air, and oxida-

_tion of Fe(II) to Fe(III) in acid solution (9) is slow, However,

such oxidation occurs rapidly upoﬁ alkalinization of the solution
(lg)u Thus, the.finding of a low °9™Mpc-HSA yield in acidic sblution.
without terminal pH elevation and that of an enhanced yield witn the
terminal pH élevation ﬁhen Fe(II) éloné wéé used 1in thé;labeling

reaction is consistent with the reduction thesis in that reduction

~—

of Tc(VII) to lower valency states should occur as a result of Fe(II)

bewné oxidized to F°(IIL)

The ne(II) alone method does not seem to differ fundamentally

-

from the ascorbate plus Fe(III) method. Both require an initially

- acidic pH and a subéequenﬁva elevation. 1In the ascorbafe plus Fe(ILT)

:mg%hod, the ascorbate may generate Fe(II) from Fe(III) and keep them

in solution even after pH elevation by forming iron ascorbate complexes.

i
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" In the Fe(IIl) method, since HSA is the only substance present to

. prevent iron precipitation at elevated pH, it is clear that both

terminal pH and pe(II)/&SA ratlo are critical. Wnen both terminal
pH and the ne(II /HDA ratio are unduly hlcn, 99““0 colloid may Dbe
pfoduced through adsorption of labeledeSA to c01101da1_ferrlc oxide

formed in the reaction mixture (13). Whatever the mechanism may be,

such colloidal 99%Tc evidently was oresent in. the preparation #5

and £6 of Table V.  1 A
Many proteins can’chelate transition metals when such metals-
A ' .
are in cationic forms (14,15). Technetium is a transition metal.
It appears pr obable that 9977c labeling of proteins with 99””004 in-

volves reductlon of the anionic Te(VII) to a cationic Te which then

complexes with electron-donating groups (ligands) .of the protein.

PRI}

That Tc(VII) can be reduced to cationic Tc to form complexes with

- electron dcnors is supperted by the follewing impressions: 1. As shown

pte

n the present work, the use of Sn(II) in inducing binding of ®°FTc

to HSA appears to involve an intermediate cationic sollpe, 2, In the
presence of thiocyanate, ascorbate reduces Tc(VII) to form & techne-
tium(V)thiocyanate conolex (6) and citrate can replace the thiocyanate

in the comolex to form a tecnnetlum(v)thvaue complex. (lo) 3. Boro-

hydrlde reduces Tc(VIT) to a state that can form chelates with ethylene-

'diamlneteb”aacetate and dlethylenetrlamlneoentaacetate (17)

Bengamln (L) has shown that anodic dlssolutloa of zirconium

by electroly81s followed by additlon of 99mTc04 and HSA could ”esult

~

~ in excellent °®°Mrc binding to HSA. Direct electrolytic reduction of

" Tc(VII) was shown to be unnecessary. As an explanation for these

findings, it was proposed that binding of ®°MTc.to HSA occurred
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throu*n formation of certaln Zr(IV) species in the electrolyzed
solution and sub sequent co- ord1n9t1on of 99”T004 and HSA as llcands
to the Zr(IV). However, he reported that such °°fTc bn')d].nfr to HSA
was almost totelly 1nn1b1ted by traces of chtaminatlng Qxidants in
the generator eluate (18 19) '4It seems likely, therefore, that traces
of reducing agent, oe;naps hydrogen gas or Zr(II), an extremely pow-
erful feducing agent (gg), might have been formed in the electro-
lyzed soletion and Seryed to reduce the ssmTc(VII). This is analo-
gous to the finding infthe bresent study using Sn(il) in that addi-
.tion of_tracesfof’Hzoz to the‘generatof eluate totallyAabolished
®9MTe pinding to HSA. Behjahin also reported (4) thet platinum could
not repiace'zirconium as the anodic crucible for a successful label-

R \ ‘ ; , / . s
ing ~‘but tnat iron prasumably could. When a platinum crucivtle was

04

used, e&enladdition of Fe(III)Cl3 or Zr(IV)Clq did not seem to in-
crease the labeling efficiency beyond 105%. Possibly, when the iren
crucible was used, Fe(II) formed in the solution was.responsible for
the labeling. While all of these results are readily explained using
the thesis that lc(VII) reduction causes direct Tc comolex1n~ to HSA,
the 1c(VII) -metal-HSA 1na1rect comolexatwon thesis needs to explain
the following difficulties: 1. If Tc(VII)—Zr(IV)—ﬂSn'comolehes are
formed’ with certawn Zr(IV) ions in the elecbrolyzeo sglutwon, why
“are they not formed W1tn Zr(IV) ions of ZrCl4 orlban 2 Since both
'Fe(II) and 1?‘e(III) are known to form complexes and indeed many
Fe(III) complexes are more stable than analobous Fe(II) comglexes

| (21, 22), why is Fe(II) effective in the labellng but Fe(III) is not?
3. It has been stated (6) that Sn(II) reduces Tc(VII) to reduction

statés 1ower than Tc(V).A If so, it is difficult toAlmaglne that

i -
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Sn(II) could co-ordinate Te(VII) as a ligand without cauéingAits
reduction to a lower valency state. This argument is even more ap-
plicableAto'use of Zr(II) in producing Tc binding to HSA, because

zr(II) is an even stronger reducing agent than Sn(II). L. while

.ascorbate alone is a poor agent for inducing °°MTc labeling of HSA,

it nonetheless is effective in so doing. Recently, penicillamine

and borohydride have been shown to be effective in inducing binding

of 99MT¢ to various materials (17,23). None of these agents are
transition metals, but 2ll gre reducing agents. All systems which
have been usedoto induce °°Mpc binding to proteins are reducing sys-
teﬁs (or could contain reducing agents); not all such systems are
dapable of forming Tc(VII)-metal-HSA complexes. Ve conclude that
formation of Tc(VII)—metal—HSA complexes is not a necessary mecnhan-
ism for binding technetium to albumin and that if such 2 mechaniém
is operative {h binding technetium to albumin under some circum—.z
stances it is at present unclear what these circumstances are.
The Fe(II) and particularly Sn(II) methcds discussed in the
present study are simple methods for ngTc lTabeling of HS4. Com-
pared to the use of ascorbite plus Fe(III) (2,3,24), the Fe(II)

procedure involves mixing generator eluate, Fe(II) solution, and HSA

‘solution in one step, 2 single pH adjustment step, and a separation
‘step on a small disposable anion exchange column. The labeling is

‘further simplified in the Sn(II) procedure through elimination of

the pH adjustmént step. jhis elimination saves laboratory time.

It may also improve reproducibility in routine service work since

—

a”éiven pH end point is not readily reproducible by titration. In

the Fe(II) procedure, if a significant yield of colloidal forms of
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99N in the prepared 9°TTc-HSA is to be avoided, one should employ
a low terminal pH and/or a low Fe(IL)/HSA ratio at some sacrifice
of 99MTc-HSA yield. In the Sn(II) procedure, there 1s no such ten-

dency for the quantity and the quality of the product to work against .

-eacn othe;.

We do not 1ntend to preocrloe 2 g id protocol for the pe(IT)
and Sn(II) procedures, since a given pr0tocol can not be optlmal for
all purposes. However, the parameters affecting the labeling are
presented as a basis for inéividual determination of labeling oproto-

cols. .

\

P

The preparation. can be sterilized using a Millipore filter.

Toxicity of SnCl, has been studied (26). The amount of SnCl, re-

Lyl

uired in the present Sn(II) procedure appears to be nezgligible in
& & - o
this regard.
SnCl, has been used to prepare °®WTc- and 113M7n_colloid for

imaging of reticuloendothelial organs (25,g§). Published methods

;

(gg,gé) of preparation of the labeled colloid involve‘titration of
an_initiaily acidic reaction mixture to pH 5}7 and.the use of gela-
tin as a stabilizer. 1In the present~study, mixing of generator
eluate, Sn(II) solution, and HSA solution at pH 5-6 aopeared to cons-

titute a 51mole method for making the ?S“Tc -colloid w1thout tltratlon

‘and with non-toxic non~a11ergenlc HSA as a stabilizer:(27).

2 . Summary .
i e

-

- . .
Simple methods for the preparation of sngc—‘numan serum albumin

u51nv Fe(II) and Sn(II) as a reducing agent in the labeling reactlon

are presented. The Fe(II) method conswsted of ach1ev1nc the labeling

LI
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by alkalinlzing an 1n1t1a11y acidic eaction.mixture containing ~

o9frcoy, Fe(Il), and albumin, and subseqaent removal of unbound ®9MTc

’by passage through a small anionAexcnange column. Tne on(II) method
consisted of achievinv'the laﬁéling in'a reaction mixture at pH
about 2.5 containing ?sm”cO4 Sn(II), ‘and the albumin and direct.
bassagé of the mixture through the,anion exchangé column to remove
free gémTcon'wifhout'any pH titration. .

In the Fe(IL) procedure, labeling was favored by a hign initial

e ’

a01d1ty and ionic streng gth,’ a near neutral ternlnal pH, and an opti-
‘~mum relatipqshﬁp petween. the amounts of Fe(II) and albumin presenf.
In general, for any concentration_of albumin, laveling increased
with inc:easihg Fe(II) concentration until the point of Fe(II) ex-
'éeSS'whére co-precipitation of alouvln and iron nydroxide Prom the
alkalinized mixture occurred. |

In the Sn(II) procedure, optimum labeling and recovefy occurred

at pH about 2.5. 99Mqe_albumin o”eoared at pH near 2. 5 was adminis-

7
/

tered intravenously to rats. Fifteen min after the administration,
the °°™Tc remaining in the blood and that found in the liver wiere

similar to corresponding values found with -®9™Tc-albumin prepared

~—
fon——

by an ascorbate plus Fe(III) procedure or by an optimized Fe(II)
procedure
Data are presentéd which support the notion that:reduction of

"Tc(VII) to lower valency states 1s tThe kéylprerequisite for Tc

- _ A
binding to albumin. \ ) -
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. Figure Legends

Figure 1. Non-anionic ®9MTc yield as a function of relative
amounts of Fe(II)‘and 4SA in the preparation of 9efipc-HSA using the

_Fe(II) method. Reaction mixtures had initial pH 0.6 and contzined

55
ct
[()]

'gsnT004 and the indicated amounts of pe(LI) and HSA. Ordinate rep-
resents the yield on a linear scale . in ¢ of initial °°™Tc recovered
from AGl-X8 columns. Abscissa represents Fe(II)/HSA ratio on a log-
arithmic scale in pmole/mg; Four sets of data were shown for four
different amounts of HSA used in the preparation: 50 mg (closed cir-
cles), 10 mg (boxes), 2 mg (open circles), and 0.5 mg (triangles) .

Figure'Q{“ Non-anionic 99®Tc yield as.a function of ionic strength
and initial pH of reaction mixtures in the preparation of 99%Tc-HSA
using Fe(II). The reaction mixture contained 89fncOy, 2.5 pmole

Fe(II), 1 mg HSA, and varying amount of NaCl added in solid form

()

. prior to pH adjustment to 5.5. TwoAsets of data were shown for ini-
tial pH 1.2 (open circles) and initial pH 4.1 (closed circles). fhe
ordinate represents yield on a linear scale-in % initial 9°MTc recov-
ered from AG1-X8 columns. The abscissa represents the logaritam of
calculatec molar jonic strength of the mlxtu;e at pH 5.5.

Figure 3. . Non-anionic 9STpe ylela as a IUﬂctlon of concent;a—A
tiens of Sn(II) and HSA and pH of reaction mixtures in the pfeoara-
tlon of 99Fpc_gsa using Sn(II). Results shown are from five separate
.experlments, including one performed without additiohuefiHSA to theA‘
feactidn mixture. Accomoanylno inset ldGNblfleS the five sels of
. . P
reaction mixtures. These mlxtures were dlrectly passed through

Agl- A8 columns without any pH adgustment The yie}d is shown as % .

in1t1a1 89llpe recovered from the column. The abscissa represents

[y

DH of the mixture. ' R .



" Figure &, "Seintiphotos of rats 10 min after intravenous admih-
istration of ®°™Tc-HSA preparation.j#l, é, 3, 4, and 7 of Table V,
and a 99Mpc-Sn-colloid preparation (#£9) described in text. Scinti-

‘photos were obtained using a 3/16 inch pinhole collimator and an

Anger camera.
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‘Table I. Yield of Non-anionic ssmTc‘as.a Tunction of pH of'Untitrated

Reaction Mixtures in the Preparation cf 9°PTc-HSA Using Fe(II)*(10 mzm HSA)

" pPH : : ~ Non-anionic
99mTC(%)
0.7 S - ;io.s_
1.5 » a o
2.1 | _ C2.b
2.8 B o 0.9
1.6 o7 0.4
5.0 ’ R 0.2

hd

¥* . . . . . P H .-
A series of reaction mixtures at varying pH containing ?smTcO4,
5 pmole Fe(II), and 10 mg HSA were directly passed through AGl-X8

columns without terminal pH elevation prior to the passage. Tne

yield is given as % initial 997Tc recovered in column effluent.

_——



o

Table II. Yield of Non-anionic °9%T¢ as a Function of Terminal pH of
Titrated Reaction Mixtures in the Preparation of

oSMyc_ysA Using Fe(II)*(10 mgm HSA)

Terminal ' v Non-anionic
" pH | . ~ . 99Mpe ()
2.5 67
3.5 73
5.0 80
6.6 DT
W 9.0 36**
9 ofm

*) set of reaction mixtures at initial pH 0.75 containing

6 pmole Fe(II), and 10 mg HSA were titrated to verying final pH and

then passed through AG1-X8 columns. The yield is ‘expressecd as a

Shipe pecovered in column effluent.

(1]
(@]

tial

o

in

*¥*¥precipitation occurred in the reaction mixture at pd 9.

/

/
AN
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Table III. Yield of Non-anionic 99Mpe a5 a Function of Initial pH of

aee

Reaction Mixtures in the Preparation of 99¥Tc-HSA Using Fe(II)*(1 mgm HSA)

Initial pH | | “ . Non-anionic
- 29Mpc ()
0.6 o 32
1.4 . a1
2.5 - 7.
| 8.3 5.1
| w6 - | k.3

A set of reactlon mixtures at varying initial pH containing 991 Tc0,5
2.5 pmole Fe(IIl), and 1 mg HSA were titrated to pH 5.5 and then passed

4 initial °°%7Tc¢ re-

through AGl-%8 columns. The yield is given as ;

covered in column effluent.
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Table IV. Paper Radiochromatogram of (A) 9S%Tc-HSA Prepared at pH

2.5 Using Sn(II), (B) Corresponding Blank Preparation.

(no HSA oresent), and (C) ®9™7c0;~(generator eluate)®

3?12?3“ gsmTﬁ—HSA . 'Blznk | 99mgco4‘
0-2 93.67** - 11.32 0.07 -
2-3 0.95 0.82 0.02
3-4 0.54 0.79 0.10
4-5 0. 40 1.51 0.69
5-6 N 1.85 30.95 26.61
6-7 2.02 50.58 71.19
7-8 0.39 3.11 1.31
8-9 0.14 0.44 0.01
9-10 0.03 0.48 - 0.00

[o]

%
9SMTc-HSA was prepare

pd

'Sn(II) in 0.5 ml 0.2

sequent passage of the

" The corresponding blank was prepared by mixing
L S X X ) b S

ate, 0.5 pmole Sn(II) in 0.5 ml 0.1 N HCl, and

similar passage of the

**% applied °2°MTc found at the

"shown., Solvent front was at

H
i
:

—

.

)
v/

by mixing 1 ml generator eluzte, 0.5 pmole

HC1l, and 20 mg HSA in 0.5 ml saline and sub-

mixture (pH 2.5) through an AGl-X8 column.

1 ml generator elu-

0.5 ml saline and

blank mixture (pH 2.5) throughthe column.

\,

.10 cm,

indicated position on the paper is



3 -

99 99

™Tc-HSA Prepared R ‘
Using Ascorbate alone (A), Ascorbate plus Fe(I11) [MFe(11)] , Fe(I1) alone [Fe(I1)] and Sn(I) alone [sn(11)*

. Table V. MTc Distribution in Tissues of Rats 15 min after Intravenous Administration of

Reaction mixture : % dose per graﬁ "% dose per organ v
‘repae Method "HSA |  Fe(II) or pH Yield blood - liver kidnéy . blood¥* liver - kidney
ation (mg) = Sn(II) - initial (%) : . ; : :
(#) . . . .(pmole) - ~final ‘ !
1 A 50 . 0.455.5 15 bt 0.9 2.4 66 6.9 3.8
2. A4Fe(III) 50 _ 2.756.852.3 81 6.0 1.0 2.4 94 7.9 38
3. Fe(II) - 50 5 1.15.5 9% 5.8 1.1 1.8 90 9.7 ' 2.9
4 Te(1n) 10 s 0.82.0. 48 5.5 1.0 . 1.6 99 8.8 2.9.
5 . Te(11) 10 7 s 0.8+ 3.0 60 4.5 2.6 1.6 76 23 2.8
6 " TFe(Il) 10 5 0.8>5.6 72 3.1 4,5 L& 50 38 2.5
7 sn(I1) 50 0.5 2.6 89 6.5 . 0.9 . 1.5 93 6.8 2.5
8 ~ sn(II) 50 0.1 2.7 87 6.7 0.8 1.5 9% 6.1 2.3

-

' o s

. %Left half of the table describes the -labeling procedure; the right half presents the corresponding measured distribution, -

Initial values and end points of pH of reaction mixtures are shown for all procedures., Sn(II) procedures involved no pH- L

ad justment, '99mTc yield in the preparation is given as % initial 99mTc recovered from AGl-X8 columns, The preparation

N
was administered to groups of three rats each, Mean values are shown for the measured distribution. Liver and kidney !

" activities includé that in blood contained in these organs.

~ : {
*%Calculations based on the assumption that blood volume was 6.4% of body weight,
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A 0.5 mg HSA
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Tc-HSA vyield, percent

99m

BO[ T T TTTT [ 1 T T TTTT7
40 (—
| Initial pH 1'2\
30—
10
Initial pH 4.1
| - - J ,"_o.-—-o-"
OLo—7TTT | | | [ 1I]]r
0.04 01 - 0.2 03 05 0.7 —1

lonic strength, M




99m ..
" Tc

" Percent yield of

80

60

40

20

oe DO D

Reaction mixture
Snlll) | HSA | Volume
mM mg/m/ ml
0.083 8.3 6
0.25 |12.5 2
0.25 2.5 2
0.25 2.5 6
1.00 0.0 2
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