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Summary

Labelling of humen serum albumin (HSA) with 99m Te, at
neutral pH, using Sn(II) citrate as reducing agent is descri-
bed., At pH 7.4, more than 98% binding efficiency for 99m Tc-
HSA is achieved. ??™Pgc-Sn-citrate with high protein binding
capacity is first formed as an intermediate complex and in
the presence of albumin, a more stable 99MTe—HSA complex is
formed. 99M T¢c-HSA complex is formed by ligand exchange and
30 min reaction time is sufficient for the complex formation
of 99m Tc-HSA,., Biodistribution in normal mice at 30 nin
obtained for 99m Tc~HSA prepared by Sn(II) citrate showed
30.3 % injected dose in blood compared to 32.9-%4.5 % for
99m Tc-HSA prepared by Sn(II)Cl,. The presence of citrate
stabilizes Sn(II) ions towards “oxidation and hydrolysis .
The addition of ascorbic acid did not increase the percent
yield of 99MPc~HSA and has adverse effect on its biological
distribution.
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Introduction

Labelling of HSA with technetium-99m was first attempted
in the early 1960s. Harper et al. [1] and Richards et al.[2]
demonstrated that ascorbate or ascorbate plus Fe(III) could be
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used as reducing dgents for technetium in this labelling pro-

cedure.

Electrolytic reduction of technetium has also been used in
the preparation of 99mTc-HSA, first using zirconium electrodes
[3-5])s and later using tin wire electrodes [1,6,7]. The dis-
advanbtages of these methods include multiple pH adjustment,
contamination of the labelled product with electrode materials

and incomplete reduction of the pertechnetate.

More efficient labelling of HSA can be achieved by using
Sn(II) as a reduncing agent [8,9]). Various procedures have been
developed for accomplishing this and a number of stannous re-
agent kits, which provide varying degrees of success, are com~
mercially available at the present time., Pertechnetate usually
does not persist as an impurity when using Sn{(II) reduction
method. However, colloidel technetium is often present in sig-
nificant amoumwnts if reaction conditions are not carefully con-
trolled [10,11]. The labelling process using Sn(II) requires
g single low pH reduction of technetium with the HSA present ,
This low pH is not suitable for proteins due to probable dena~-

turation.

Stannous citrate is used in this study to minimize albumin
denaturation since the labelling is carried out at neutral pH
and also to minimize the possible formation of technetium-Sn-
colloid due to the presence of Sn{(II) as citrate complex. The
different factors studied include reaction time, Sn(II) citrate
content, HSA content, pH, biological distribution and stablility.
Finally, the effect of ascorbic acid on the lagbelling yield and

biological distribution of Tc~HSA is also tested.
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Experimental

Materiagls and Mefthods :

99mTcOZ was obtained from a sterile 2 Mo-2ore generator

Elutec TRE, Belgimm. Human serum albumin (HSA) had been sup-

plied by Serotherapeutisches Institut Wein Osterreich GmbH,

Stannous citrate was obtained from B.D.H. and was used
without further purification. Sn(II) c¢itrate solution was
freshly prepared by adding 20 ml 2% trisodium citrate dihy-
drate in small portions to 100 mg Sn(II) citrate till clsar
gsolution was obtained. Heating on boiling water bath will
help the dissolution of Sn(II) citrate, The final volume was
adjusted to 50 ml and filtered through 0.22 .f Millipore fil-
ter. Bach 1 ml of this solution contains 2 mg Sn(II) citrate,

8 mg trisodium citrate dihydrate and has pH 7.

sn(II) determination :

Tin citrate (B.D.H.) was analyzed for its contents of
stannous by iodometric titration using standard KIO3 solution.
The accuracy and reproducibility of this method for determi-~
ning microamounts of Sn(II) had been confirmed [12]. The
titration was carried eut by introducing 0.35 ml 2N HC1l, 0.05
ml starch solution and 1.0 ml tin citrate sample into 10 ml
N, purged vial by means of 1.0 ml tuberculin syringes. The
contents of the vial were mixed and titrated with standard
KIO3 solution in a tuberculin syringe until a permanent faint
blue colour is formed. All solutions used were N2 purged .

The amount of Sn(I1) content was determined from the following

relation :

1.0 ml 0.001N KIOB = 5935 pg Sn{ID)
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Labelling Procedure :

Reduction of 99mTcOZ and albumin labelling were accompli-
shed by adding 200 }1 Sn(II) citrate solution to 0.1 ml 20 %
HSA in 10 ml N2 purged penicillin vial., The volume was comple-
ted to 2 ml with N2 purged distilled water. The final pH was
7.4 1 ml 79™Ic0; was then added and the reaction mixture was

incubated for 30 min at room temperature.

The binding efficiency of the labelled albumin is assessed
by ascending paper radiochromatography in methyl ethyl ketone

with Whatmann No, 1 paper.

Determination of the % labelling of 99mTc-HSA :

The purity and the % labelling of 2 ®To-HSA were determi-
ned with trichloroacetie acid (TCA) protein precipitation
method. One ml 27®Pc-HSA was mixed with one ml 20% TCA and the
precipitated 99mTc-HSA was separated by centrifugation. The
activity of the supernatant and 99mTc-HSA precipifate were cal-
culated by counting 0.2 ml of the supernatant and 0.2 ml of
99Mpc-HSA solubion used in the precipitation process. The %
labelling was determined as follows :

Activity of precipitated 2 Tc-HSA

% 99mTc-HSA R < - S x 100
Total activity of Tc-HSA solution

Biological Distribution :

0.1 ml of the 99mTc—HSA solution was injected in the tail
vein of mice. A group of 3were used for each determination. The
mice were sacrificed 30 min after injection. Fresh blocd was
collected in a preweighed vial and counted. The different
organs were removed, counted and compared to a standard dilu-

tion of the labelled radiocalbumin., The average values of %
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administered dose/organ are calculated after correction for
radicactivity in the tail and total blood is assumed to be 7 %
of the body weight.

Resnlts and Discussion

Sn(II)Cl2 is the most widely used reducing agent in the
preparation of 99mTc—radiopharmaceuticals inel uding 99Mpspsa
[13]). Because of the ease of its oxidation and hydreolysis ,
Sn(II) citrate is used in the present study. The presence of
citrate stabilizes the Sn(II) ion towards eoxidation and hydro-
1ysis [14]. In addition, most of the published procedures(8 -
107 for HSA labelling with 99 using Sn(II) as reducing agent
have been carried out at pH 1.5-2.5 to prevent tin colloid for-
mation, but this pH is not suitable for proteins [15]. Label-
1ing of albumin at neutral pH using Sn(II) citrate should mini-

mize albumin denaturation.

Determination of Sn(II) :

The results obtained from the analysis of tin citrate
(B.D.H.) solution showed that 60 % of its content is in the

gtannous form. The presence of oxidized tin in commercially

available stannous salts is unavoidable [167] but the quantity
found here is somewhat high compared to the measured gquantity
in some commercially available Sn012.2 H20 which contain from

15 to 20% Sn(IV).

Determination of the Percent Labelling :

Several authors [10-12,17] have proposed assay methods
for determining the quantities of labelled HSA in preparations.
Only the amount of free 99mTcOZ Was observed in many of these
methods and in addition 99mTc—HSA was not distinguished from

reduced 99mTc-species that may be present. The presence of
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990pe -Sn-colloid in 99mTc—HSA preparation represents a real
problem because it behaves similar to 99mTc--HSA ip most of the
analytical techniques[10,11,17]. The combination of analytical
techniques together with biocassay is necessary for accurate

estimation of the purity and quality of the labelled 99m'I'c--HSA.

The data presented in Table 1 show the average binding
efficiency of 99mTc—HSA as assayed by paper radiochromatography
(Whatmann No. 1) with MEK and saline, also by 20% TCA protein
precipitation method and by Sephadex G-25 medium (pharmacisa)
gel column (1x30) chromatography eluted with 0.9% NaCl.

Table 1 : Binding efficiency of 99mTc-HSA as assayed
by different analytical techniques.

% Bound
Method of analysis
Mesn + S.D.

Paper - MEK 99.9 + 0.1
Paper -~ saline %4 + 0.3
TCA protein precipitation 87.0 + 2.9

Sephadex G-25 gel column
90.4 + 1.1
chromatography.

A slight variation of the % 99mTc—HSA was observed as
shown in Table 1 . This is in good agreement with Rhodes et
al.[10] findings that 998p..HgA prepared by the same method
gave variable results from day to day, even when prepared from
the same lot of HSA kits. This variation may
be due %0 the formation of significant amounts of insoluble
techpnetium and unbound pertechnetate. In addition, it was
found that the % 99mTc-HSA determined by TCA protein precipi-
tation method is 10-13% less than that determined by radiochro-
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matographic method. This is due to the ablility of MEK to sepa-
rate the 99mTcO,: radiochemical impuriby leaving the 99mTc-HSA,
99mTc-Sn-—colloid and other reduced technetium species at the
origin. With TCA protein precipitation method, only 27 %Tc—HSA
is precipitated leaving the other radiochemical impurities such
as 99mTc-Sn—colloid, free 99mTcQZ and 29Ppc-gp-citrate in the

supernatant.

Effect of Reaction Time :

The percent of 99mTc-HSA and the percent of different
99mTc species present in the reaction mixture were followed

by paper chromatography-MEK system as a function of +time .

Table 2 shows the presence of 99mTc-citrate which moves with
R 0.25~0,33 in agreement with the published value [18].

The 99MTc-HSA which stays at the origin with Rg

0.0 and the free 99“’Tcoz moves with the solvent front

with Rf 1.0.

Table 2 3 Effect of reaction time on the % 29 . HSA.

e e (i o ot s e S o i i i i S o i ke e

React % 99mTc-HSA, % 99mTc-citrate % 99mTcO
time, Ry 0.0 Rp 0.25-0.33 Ry 1.0
MiNey
5 62.0 % 0.8 36.9 £ 0.8 1.4 £ 0.5
10 95.3 & 0.8 2.6 3 0.8 0.5 £ 0.1
30 98.8 & 0.4 - 1.4 4 0.5
60 98.1 4 0.1 -—- 1.9 £ 0.8

It is clear from these data that the labelling of HSA with

99mmp using Sn(II) citrate proceeds via the formation of
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99Mpoacitrate intermediate complex. The % IMpscitrate

99mTc—HSA percentage is increased

complex 1s decreased while
4!
30 min is still required for the complete formation of

with time. Although 5 min is enough for reduction of TcO

99m‘l‘c-HSA complex.

Effect of Sn(II) Citrate Content :

The effect of increasing Sn(II) citrate content on the %

labelling of 2%

c~HSA is studied in order to determine the
optimum quantity of Sn(II) citrate which gives high labelling
yield. Trisodium citrate is used to dissolve and stabilize the
Sn(II) citrate, 20 ml of 2 % trisodium citrate is the minimum
amount required for the dissolution of 100 mg Sn(II) citrate .
In all cases, the pH of the reaction mixture was adjusted to

7.4 oxcept when the effect of pH is the factor being studied.

The data show that increasing the amount of Sn(II) citrate
up to 0.24 mg Sn(II) citrate will increase the % 29™pc-HSA.
Increasing the amount of Sn(II) citrate to more than 0.24 mg

did not show any further increase in the lsbelling.

Effect of HSA Content :

The data indicate that the % labelling of J°®Tc¢-HSA is in-
dependent of the HSA concentration in the range of 20 to 100 mg
in agreement with the results of De Ligny et al. [19]). Very
little change of the % labelling was observed at 200 mg or at
10 mg of HSA.

Effect of pH :

The pH dependence of the % yield of 99y HSA is shown in
Table 3 . The % labelling of 2 PIo-HSA is increased

up to pH 5.2. With further increase of the pH ,
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there is no significant change of the % 99mTc—HSA. The data
indicate that the optimum pH value for HSA labelling with o %re
ugsing Sn(II) citrate is 7.4 in good agreement with similar pub-
lished data [15). This is consistant with the observation that
the exchange reaction with 2°®To-citrate is highly efficient
at p 7 [14]. Transfer of 99%c from 2?rc-citrate to HSA

occarred in high yield at pH range from 5.2 to 7.47.

Table 3 : Effect of pH on the % labelling of ° BTc-HSA

nsing Sn(II) citrate.

pH % 297 o_HSA
1.40 58.2 + 1.4
2.37 79.9 + 1.3
5.20 99.3 + 1.2
7.09 98.5 + 0.4
To47 99.9 + 0.1
8.95 97.9 + 0.3

e et > A . ke ek e e v S ARk A ot S e . S T P VR St I B o . S e .

Biodistribution Study :

Biodistribution at 30 min was determined in normal mice.
A significantly high concentration of fhe injected 99mTc-HSA
was found in the blood. The percentage of the injected 99mTc-
HSA in the liver d4id not exceed 10 % indicating that

99mg, species were present [10]. The percentage of

no insoluble
the localized activity in the bone was taken as a measure of

the activity localized in the bone marrow., Less than 2% of the
injected 99Mps-HSA was observed. This is a good indication that

the labelled albumin is of good quality.
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It is clear from the data that all the obtained values are
within normal limits [10]) except the activity in the GIT which
ghows somewhat high value.

Stability of the Labelled 2°MPo-HSA :

The labelled Y®Ic-HSA prepared by using Sn(II) citrate
method was found to be stable at neutral pH for 6 hrs after the
addition of 99mTcOZ which is suitable for the clinical applica-
tion. Beyond 6 hrs, an increasing amount of the reduced hydro-
lyzed 99mTc complex species is observed., No increase

is observed.

of free 99mTcoZ

Effect of Ascorbic Acid :

It was found that ascorbic acid in the concentration
studied has no effect on the labelling efficiency of 99mTc—HSA
prepared by Sn(II) citrate method but it has adverse effect on
its biological distribution as shown in Table 4 . Thisg is
evident from the decrease in the blood activity and the in-

crease of urine activity.

Phe results presented in Table 4 indicate that J°™Tc-
ascorbic acid comple x may be formed although it is not detec-

ted by the chromatographic method used.

Summary :

The results of this study show that HSA can be success-
fully labelled with ?%®Tc using Sn(II) citrate at neutral pH.
The optimum conditions for labelling were 20 mg HSA,0.24 mg
Sn(II) citrate, 1.6 mg trisodium citrate dihydrate and pH
7«4+ 30 min reaction time was found sufficient for the com-

9mTc

plete formation of g -HSA complex. The problem of denatu-

ration of albumin has been resolved by labelling it at neut-
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Table 4 : Biologlcal distribution of 77%Tc-HSA
prepared by Sn(II) citrate with end

without 0,5 mg ascorbic acid.

% Injected dose per organ

Organ without ascorbic with ascorbic
acid acid
Liver 8.6 + 0.3 10.4 + 0.4
Spleen 0.8 + 0.3 0.9 £ 0.1
Lungs 1.8 £ 0.1 1.2 + 0.2
Kidneys 6.6 £ 0.1 7.1 + 0.5
GIT 6.3 + 1.2 8.7 + 0.9
Blood 30.3 % 0.2 21.9 % 4.0
Heart 0.9 + 0.9 0.5 + 0.1
Carcass 31.3 £ 1.5 28.3 + 0.9
Urine 13.6 £ 0.3 21.7 £ 0.9

ral pH. The labelled product was stable for 6 hrs after the
addition of 99‘“9?00;. The labelled albumin is of good quality

as shown from its biological distribution.
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