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Description of research carried out
The development of method» for the quality control

of nsacroaggregates and colloids labelled with tecbnetium-99m
or indium-113m required the detailed knowledge of the labelling:
process of these radioPharmaceuticals«

Two colloid3, i.e. the antimony sulphide colloid and the
sulphur colloid both' labelled with "9mTe were selected as the
representatives of this type of radiopharmaceuticals and were
studied in detail* Macroaggregated human serum albumin-^^Tc
was pointed out as macroaggregates example; the study of its
labelling process was not completed.

Firstly, the chemical processes occuring during the
labelling of antimony sulphide oolloid-'^Tc were studied
to ascertain the possible chemical forms of technetium-99m
which not bounded to the colloidal particles. To solve some
analytical problems several experiments were carried out by
means of antimony compounds labelled with radioactive antimony
nuclidesj these compounds were also used for some biological
studies. The influence of the temperature on the labelling
process of antimony sulphide colloid was studied, to explain
the necessity of increased temperature to complote the labelling
process. The stability of non-radioactive kits containing the
preformed antimony sulphide colloid was studied with respect
to the decomposition of the colloid and the yield of the labelling.
The particle size of the labelled colloid was evaluated by means
of the filtration method. The biological behaviour of the colloid
labelled with ^ ^ c , of the colloidal particles labelled with
radioactive antimony and of the technetium-99m radiochemical
impurity was investigated.

Similarly, the study of the sulphur colloid arose' from
the same principle, i.e. from the study of the labelling procese»
The yield of labelling was related to the concentration of
thiosulphate and hydrochloric acid. The particle size of the
labelled colloid was determined by means of the sedimentation
method. The sampling of the colloidal solution from the centri-
fuge tube was developed and the mathematical processing was
derived to assay properly the experimental data. The effect
of thiosulphate concentration on the mean particle sise was
studied as well as the effect of several protective colloids
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(gelatin, PVP, mannitol, dextrane).
The labelling of albumin or albumin particles with

technetium-99m proceeds only when technetium is present in lower
valency states. The most frequently used reducing system con-
sisting of ferrous sulphate and ascorbic acid was studied in
detail. The separation of various technetium-99m compounds was
carried out by means of several Chromatographie systems. The
effect of hydrochloric acid concentration and/or ferrous ion
concentration was studied at the constant concentration of
ascorbic acid. The effect of hydrochloric acid concentration
and/or ferrous ions concentration was studied also in the absence
of ascorbic acid.

Results obtained
The study covers several radicphaxmaceuticals. The results

are therefore presented separately for each of them. Individual
sections are numbered in the same manner like in the previous
progress reports (containing the experimental details), to
ascertain easy comparison.

1.Antimony sulphide colloid labelled with technetium-99m

1.1.Intro auction
Garzón et al /1,2/ introduced ^'^To-labelled antimony

sulphide colloid for liver scanning. The main advantage of this
radiopharmaeeutical is that a large batch of the colloid can be
pre-formed and stored until required for labelling and that
the labelling need not be carried out under sterile conditions.
On the other hand, the labelling process is time consuming
because of heating in an autoclave«

The original labelling procedure consisted of heating
of 5 Ril of pre-formed antimony sulphide colloid solution with
5 ml of pertechnetato-99m in saline solution for 30 minutes
at 120°C. Then, the heating was prolonged to 45 minutes /3/.
Hawkins and HcJULister /4/ recommended to add 0*15 ml of 1 17
hydrochloric acid to the mixture of 5 ml of colloid and 2.5 ml
of °°°!l!c in saline solution, to improve the labelling efficiency*
Under these conditions the labelling yield was 98 per cent
after heating at 120°C for 30 minutes. Recently Brunn /5/
described the procedure without hydrochloric acid which lasted
45 minutes and recommended the removal of the saall percentage
of unbound ^ " T C by passing the solution through a saall anion
exchange resin column.

The radioohtaical purity of the product can tw controlled
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by dialysis /1,2/, by means of an anion exchange resin column
(Amberlite I M 400; perteehnetate is retained while eolloid&l
particles would pass through)/4/, by means of Sephadex G-25
column /5/t by paper chromatography (Whatman No 1, acetone-
water 3J1, 60-90 minutes, R_ of colloid and pertechnetate
0 and 0,8, respectively)/6/ and by thin-layer chromatography
(Silica gel sheet, 0.9 e/> sodium chloride, 20-25 minutes, B_
values of cplloid and pertechnetate 0 and 0*8, respectively)/!/• ;

1.2. Results
1.2.1. Analytical problems

In preliminary experiments it was fount that during the \
labelling of antimony sulphide colloid with technetium-99m,
technetium-99m was present in at least four forms, i.e. Tc(VII),
Tc(IV), Tc bound to $he colloidal particles and one or two W
unidentified compounds. These results were found by paper \
chromatography. It was also found that in the presence of
antimony potassium tartrate, pe£technetate-99m is transformed
into one or two compounds having the same R~ values as the above
mentioned unidentified compounds. The Chromatographie behaviour
of technetium-99m species and of antimony potassium tartrate
is reviewed in Table 1.

The activity peaks of the new technetium-99m compound
were atributed to a complex of Tc(V) or Tc(VI) with tartrate
ions. The tailing of the Chromatographie spots was caused
by the dissociation of the complex during the chroaatography;
it could be suppressed by the addition of tartaric acid to k

the Chromatographie solvent. The tailing was not due to the
adsorp
graphy
adsorption of Tc on antimony hydrolysed during the chromato-

The chromatography with solvent II (Table 1) not on
Whatman No 3 was used for most of the studies. For the routine
analytical control it was proposed the use of Silica gel sheet
with the same solvent.

1.2*2. Processes occuring during the labelling
It was found that in the presence of antimony potassium

tartrate(pertechnetate-99m is transformed into the tartrate
complex nearly instantly at room température» She percentage
of ^^Tc activity in ths Tc(VZI) fraction decreased with
increasing concentration of antimony tartrate in the solution.



Table 1. The Chromatographie behaviour of technetium-99m compounds and antimony tartrate

in various systems
""I

Carrier

Whatman
No 3

Whatman
No 3VH

Whatman
No 4

Alumina
Silica
Gel G

Silica
Gel sheet

Solvent1*

I
II

I
II
III
IV
V
VI
II
ÏI

II
I

Te(VIl)

0.7
0.7

0.7
0.7

0.66

0.67
0.4
0.95

0.75
0.8

R» value of

Tc-Tartrate

0.06 and 0.51
0.1 and 0.61

0.05 and 0.57
0.08 and 0.66
0.02 and 0.75
0.6, tailing

0.02 and 0.67

0.67
0.02 and 0.35

0.95

0.7
0.0, 0.55 and

0.74

Tc(IV)

0.83
0.86

Sb-tartrate

0.73
0.81 c\

0.2 and 0.5

0.8

Solvents- I -
_—-p II-

III-
IV-
V -
VI

0.3 M hydrochloric acid

0.3 M hydrochloric acid solution containing 0.1 $> of tartaric acid

0.9 f sodium chloride solution

0-9 i» sodoia chloride solution containing 0.1 i» of tartaric acid

85 ?6 xaethanol

- 85 i> methanol containing 0.1 of tartaric acid
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In this series of experiments only tha concentration of antimony was|
changed while the concentration of tartrate ions was kept constant
(0.1 %,) » The results are presented in Fig. 1. It can be resumed
that the presence of unbound antimony in the antimony sulphide
colloid would cause the reduction of pertechnetate-99m.

Most of the labelling experiments were carried out at 12O°C.
Â substantial influence of pH on the course of labelling

was observed. This is in full accordance with the results of
Hawkins and McAlister /V» In the absence of hydrochloric acid
only 30 - 40 $> of the activity was found in Tc-colloid fraction
and the percentage in Td(VTI) fraction varied from 0 to 23 $
after heating for 30 minutes. The rest of activity was found
in the Tc-tartarate fraction. The change in other parameters had
no significant effect on the labelling yield. The percentage of
^'^c in the Tc(IV) fraction slightly increased with increasing
acidity of the solution. In most experiments approximately the
same level of activity in Tc(IV) fraction was found as in
experiments with heating of pertechnetate-99m in the presence
of antimony potassium tartrate (i.e. 1.5 - 4 i» of the total
activity).

The labelling of antimony sulphide colloid proceeds for
a comparatively long period of time and need higher temperature
than other similar processes. It is possible that this slowing-
down of the labelling process is caused by the competitive
reduction xof ""'îc to Tc(V) and/or Tc(VI) compounds. To verify
this possibility several model experiments were carried out
with arsenic sulphide colloid. No reduction of pertechnetate-99m
was observed in the presence of arsenite (and tartrate) ions.
Therefore, it was supposed that during labelling of arsenic sulphid]
colloid no competitive reaction would take place. Really, the
labelling process was much faster. All of the ^^Tc activity was
found in the Tc-colloid fraction and none in the ïc(VII) fraction
after heating at 120°C for two minutes. These results were
obtained for the mixtures containing 5 ml of colloid solution,
5 ml of eluate and 0, 0.1, and 0.2 ml of 1 N hydrochloric acid,
respectively. Prolonged heating did not change the yield of the
labellinig.

The labelling of antimony sulphide colloid with technetiu»
needs a comparatively high temperature to be complete« However,
a slow labelling was observed even at the laboratory température.
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Fig. 1. The decrease of the activity in the Tc(VII) fractior

as a function of the antimony concentration.

The labelling process was therefore studied as a function of

temperature, to ascertain whether one or more processes of

labelling proceeded. After plotting these data into a semi-

logarithmic system of co-ordinates, a series of lines was

obtained from which the respective half-times were determined.

From these values the rate constants were calculated. The semi-

lo^arithraic plot of these rate constants versus l/T gave a line.

The calculated value of the activation energy of labelling

was 8.3 kcal mole" . It can be concluded that the mechanism

of labelling is the same regardless of whether it occurs at

low or high temperature. The low temperature dependence of

the over-all labelling reaction explains the need of a high

labelling temperature; to double the reaction rate, the

temperature increase of about 20°C is necessary.

To ascertain the possible influence of storing, the

labelling at 12O°O was carried out approximately once per month
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during the period of seven months, with the same batch of

preformed colloid. With increasing time period between the

preparation and labelling of the colloid, the percentage of

activity was found to increase in Se(V) fraction at the early

stages (0-4 min) of the labelling; approximately 7 and 45-55 5?

were found in this fraction 1 and 203 days after the preparation,

respectively.This can be explained by the increasing content

of unbound antimony in the stored colloid. Neverteless, the

heating of the reaction mixture at 120°C for 30 minutes was

sufficient in all cases. The half-time of labelling reaction :

gradually decreased from 8.5 min (1 day after the preparation)

to 4 min (177 days after the preparation) during the storage

of the preformed colloid. The higher rate of labelling is ;

probably due to the higher content of sulphide in the stored *

solution because of the increasing content of antimony in

the solution must be partially equilibrated by an increase

of the sulphide concentration (a part of the sulphide is

probably oxidized, although nitirogen passed through the ;

solution of colloid during the preparation).

1.2.3 Behaviour of colloidal particles

Antimony sulphide colloid labelled with radioactive

antimony was prepared for the study of the biological behaviour

of the colloidal particles. However, with the labelled product ;

some additional information on the stability of the pre-formed \

colloid was obtained. ''•

It was found that the formation of colloidal particles »

proceeded more rapidly in cold solution of antimony potassium

tartrate than in solution heated at 100°C, probably due to the \

lower solubility of hydrogen sulphide in the solution in the !

latter case. In fact, passing of hydrogen sulphide through the

solution for 30 minutes is necessary. The period of time presented ¡

by Bruun /5/, i.e. only 10-15 minutes seems to be insufficient

for complete formation of particles.

After the formation of colloidal particles and removal

of hydrogen sulphide the colloidal solution is sterilised. It was

found that this treatment resulted in an increase of free anti-

mony from 0.3 to 2.0 fa of the total antimony. We also studied

the whole labelling process. The eluate was replaced by 0.9 f>

saline solution, the sterilization was carried out in an

autoclave. The content of free antimony increased from 2.0 to

J
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3.5 fo of the total antimony. The final neutralisation with

sodium acetate caused only negligible increase of free antimony

content (from 3.5 to 3.9 #).

Colloidal solutions labelled with radioactive antimony

were also used for the i study of stability during the storage

of the preformed colloid; However, the results of these experiments

were negatively influenced by the radiation decomposition of

the colloidal particles and could not be used for the evaluation

of the true stability.

1.2.4. Particle size determination

The filtration method was used for the rough evaluation

of the particle size. The aliquots of the ""raTc-labelled

colloidal solution were filtered through membrane filters

(Milipore) with different dimensions of the.pores. The pore

diameters increased gradually from 0.05 to 3 fxt respectively.

The results obtained were extremely influenced by

dilution of the analysed samples before the analyses, The

fraction of activity retained on the filter increased with

increasing dilution. This observation was explained by the

adsorption of colloidal particles on the filter due to the

decrease of the protective colloid concentration. Therefore,

the the sample had to be diluted with the solution of protective

colloid (0.5 per cent solution of polyvinylpyrrolttdone), to

obtain reliable results.

It was impossible to filter the colloidal solution

through the filter with smallest pores (0.05 yu.). The following

filter (0.1 fx) retained approximately 20 fo a$fî the next (0.22̂ u)

only 1 fo of the total activity, respectively. It can be deduced

that the radius of colloidal particles is much smaller than

0.1 /u. and for the majority of particles even 3CE smaller than

0.05 fJLo However, it cannot be concluded that the radius of

particles is greater than 0.025 p- due to the adsorption effects.

Less than 1 $> of the total activity was retained on

the filter with 0.22 tx pores in the case of the fresh colloid.

This percentage increased to 3 $> after one year storage of the

preformed colloid. However, up to 26 fo of the total activity

retention was found in the case of several stored batches

of the preformed colloid. The milipore filtration can be

used for the evaluation of preformed colloid quality.
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1.2.5. Biological behaviour of colloidal partióles, of the

label and of the radiocheraical impurity

?he aim of these studies was to determine the fate

of antimony sulphide colloid particles in liver. The colloid

labelled with radioactive antimony was used. It was found

that more than 70 $ of the total activity was retained in f

liver in first inimités after administration. Then the activixy |

in liver rapidly decreased. Approximately one half of the total j

activity was excreted in the first 48 hours. The passage of j

activity through the small and large intestine substantiate ¡

the opinion that most of the activity was excreted in faeces.

So, the considerable part of antimony was excreted from liver

by iceans of the bile. It is not clear whether the activity in

blood - approximately the second half of activity — originated ^

directly from the processes in liver or as u consequence ^

of the resorptàon in small intestine.

The colloidal solution did not contain any macro-

aggregates. This was seen from the low initial activity in

lungs. The most of the initial activity in other organs can

be attributed to the presence of free antimony in the product.

The liver clearance was rapid - more than 70 per cent ,

of the initial content of activity in this organ was cleared

within first 2¿ hours. Then the activity in liver fell down j

with the half-life of 30 hours. The analysas of the clearance ?

curve showed tnat the main part of the liver activity was

released with the half-life of approximately 6 hours (Pig.2).

In the following experiments we tried to determine w

the effect of labelling process (i.e. the second autoclaving)

on the biological stability of colloidal particles. Three

batches of radioactive antimony labelled colloid were prepared

to obtain evidence on the reproducibility of the preparation

procedure. Each step in their preparation was controlled by

paper chromâtography. It was found that the second autoclaving

during the labelling process did not change the biological

properties of the colloid and, in addition, that the reproduci-

bility of biological properties of colloidal particles was

extremely high.

All above mentioned experiments wore carried out

with particles labelled with radioactive antimony. A. series

of experiments was carried out with technetium-99m labelled
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colloid to ascertain the biological behaviour of " Tc after

i ta ¡Administration as a labelled colloid. The labelled material

was prepared by the usual way. The neutralized product was

diluted with water to the same chemical concentration as had

been used in the previous studies (i.e., the administered dose

zf antimony was 0.17 me per k# of the body weight). It was

found that the activity of 99mTc in liver (approx. 75 f° of

the administered activity) remained at the same value within

the time interval of five hours, although the colloidal

particles, were decomposed.
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Pertechnetate-99m is transformed into other soluble

compound during the labelling of the colloidal antimony

sulphide (see p. 5). This complex compound of °°raTc - probably

tartrate - was prepared in the "pure" form by the mixing of

the pertechnetate-99m with the solution of potassium-antimony

tartrate anfi the neutralized product was administered intra-

venously to rats. It was found that this compound was extremely

rapidly excreted through kidneys (55 <fa of the total activity

f> hours after administration). The activity in kidney3 was

constant within 1 to 6 hours - 25+2 ?£ of the total activity.

1.3. Conclusions

The labelling of antimony sulphide colloid with "-^Tc

is not-a simple process. The transformation of pertechnetate-99m

into other soluble compound was observed during the labelling.

The percentage of Tc not bounded to particles depends on the

acidity of the reaction mixture. The preparation procedure

which not includes the acidification step results in the

colloid solution with higher content of unbound activity

even after longer heating.

The unbound °9mTc is not present as pertechnetate

and its biological distribution in experimental animals is

quite different from that of pertechnetate-99m. These results

explain the fact, that kidneys are slightly visible on scans

after administration of incompletely labelled antimony sulphide

colloid-99mTc /9/.

The rapid analytical method was developed which

separated labelled colloidal particles from both pertechnetate

and the Tc(V)-complex. The radiochemical purity of the labelled

colloid can be controlled before administration.

It was found that the diameter of colloidal particles

±as was smaller than 0.22 ¿u. This is in accordance with findings

of Garzón et al /2/. The method of filtration through a jailipore

filters can be used for the routine evaluation of changes in

the preformed colloid during the storage.

The biological behaviour of the colloidal particles and

that of the label - i.e. 99raTc is quite different. Colloidal

particles XKXE are cleared from the liver with the half-time

of 6 hours while the °9mTc-activity in the liver remains constant

for many hours.
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?. Sulphur colloids lacelled with technetium-99m

2.1.Introduction

Sulphur colloid labelled with °°mTc was introduced

into nuclear medicine in 1964 by Harper et al./lO/. According

to their original method,colloidal sulphur particles are formed

and labelled in an acidified solution of pertechnetate-99m

containing hydrogen sulphide. Soon afterwards another method

for preparation of labelled sulphur colloid was proposed,

involving the decomposition of thiosulphate in an acid medium

either in tha presence /ll/ or in the absence /12/ of perrhenate

as a carrier.

During the past few years numerous modifications of

the latter method have been described regarding the presence,

concentration and type of protective colloid, concentration

of thiosulphate and hydrochloric acid, heating conditions,

buffers, presence of eomplexing agents, etc. In principle,

the colloidal particles prepared from hydrogen sulphide aze

smaller in diameter than those prepared from sodium thio-

sulphate; the former are of real colloidal nature. This fact

results partially in differences in biological behaviour;

smaller particles are more effectively retained in bone mar-

row /13/« However, by changing the conditions of thiosulphate

decomposition, particles smaller than 0.22 fx can be prepared.

3?he quality of the final product is usually controlled

by paper or thin-layer chromatography with simple solvents

like water of 85 ?S methanol. Labelled particles should remain

at the starting point, whereas unbound, ^ c travels near the

front of the solvent. Sometimes filtration through a Millipore

filter is used as an analytical method; the activity in the filtra-

te is taken as the unbound fraction. Dialysis has been also

proposed as á rapid control method.

Most of the chromatographio methods were developed

under the assumption that the so called unbound "^Tc activity

was present as pertechnetate. In general, this assumption neeà.

not be correct, however. We started therefore to compare and

evaluate various control methods by studying chemical processes

that occur during the simultaneous formation and labelling

of sulphur particles. .

The factors influencing the particle size were studied

in the next stage.
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2.2. Results

2.2.1. Analytical problems

All analyses ware carried out by means of descending

chromato^raphy on Whatman paper No 3 with 0.3 N hydrochloric acià

as solvent. This Chromatographie system permits the distinct

separation of Tc(VII) (Rj. approx.0.66), Tc(IV) (R-, approx. 0.65)

and the labelled colloid (R^ 0.0). The compounds of Tc(V) move

with the Hp value of approximately 0*05 v/ith tailing towards

the front /I4,15/. Therefore the activity in these compounds

cannot be quantitatively separated from the labelled sulphur

colloid. It is evident that at the beginning of the labelling

process the collaid fraction is over-estimated to the detriment

of Tc(V) fraction due to the overlapping of the spots. Therefore

the exact determination of Tc(V) activity was not possible.

2.2.2» Processes occuring during the formation of sulphur

colloid from thiosulphate

The effect of hydrochloric acid concentration at the

constant concentration of sodium thiosulphate and the effect

of sodium thiosulphate concentration at the constant acid con-

centration were studied. It was found that longer heating at

100°C was necessary for completion of the labelling at low

concentration of thiosulphate or hydrochloric acid. The labelling

yield at 0.001 K thiosulphate concentration was extremely sensitive

to the origin of the eluate.

A part of ̂ mTc activity was found in the Tc(IV) state.

The content of activity in the Tc(IV) fraction was found to

depend on the time period between the mixing of pertechnetate-99m

with thiosulphate and the addition of hydrochloric acid.

It was found that the Tc(IV) activity is not bound

to sulphur particles during the decomposition of thiosulphate.

The formation of the Tc(IV) activity can be explained

by a reducing action of thiosulphate and sulphite on pertechnetate.

This reduction is probably stepwise, first to the Tc(VI) and

Tc(V) states, followed by the disproportion of these compoiinds.

2.2.3» Processes occuring during the formation of sulphur

colloid from hydrogen sulphide.

Nearly all activity was present either in the colloid

or as pertechnetate during the formation of sulphur particles

from hydrogen sulphide.
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Only 0.3-0.6 $5 was found in the Tc(IV) fraction.

It was also found that ^^Tc in the Tc(IV) state was not bound

to particles formed from hydrogen sulphide.

2.2.4. Particle size determination

The filtration method for the rough estimation of the

particle size was also applied to the labelled sulphur colloids,

It was found that particles of colloid prepared in the absence

of protective colloids were nearly completely retained on

the filtersj independently on the pore diameter (0.22-3.0 fx).

The same result was found for particles prepared from

hyurogen sulphide. On the other hand, the majority of labelled

particles prepared from hydrogen sulphide in the presence of

gelatin or polyvinylpyrrolidon was smaller than 0.22 px,

The determination of the particle Bize distribution

in the colloidal sulphur-^^Tc was carried out also by means

of the i? sedimentation technique.

It was found that sulphur particles prepared from thio-

sulphate in the absence of protective colloid were not of

a real colloidal nature» Their sedimentation in the natural

gravity field was studied by means of an extremely simple

apparatus. By means of this apparatus samples were taken

from the labelled suspension during the time of experiment.

The activity of these samples represented the activity at the

constant distance from the surface of the analysed solution.

The plot of the activity versus time served for the calculation

of the particle size distribution. The method is time consuming

and therefore it is convenient only for some basic studies.

The sedimentation of particles was measured also in the

centrifuge. The sedimentation of sulphur particles had to be

deccelerated using the sucrose solution of high viscosity.

The experimental curve with 10 points can be obtained in two

hours. Therefore, this method seemed to be adaptable for the

routine control. On the other hand, the maUtematical evaluation

of the result was very laborious.

Special experiments were carried out to distinguish

whether the sulphur particles were labelled mainly on the

surface or homogeneously. It was found that the labelling

was proportional to the mass of the particles. In addition,
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it was found an increasing proportion of the elemental

sulphur formed from thiosulphate in solutions with

increasing thioeulphate concentration. These two results

can be applied for the estimation of the number of labelled

particles in the administered solution.

The distribution of the "^Tc activity associated

with particles of different size was determined for colloids

prepared under various conditions.

It has been found that the decrease in thiosulphate

concentration results in the decrease of the mean particle

size. The presence of gelatin or polyvinylpyrrolidon markedly

decreases the mean particle size while dextran or mannitol

are much less active in this sense. The addition of protective

colloids after the formation of sulphur particles does not

change the activity distribution.

2.3. Conclusions

It can be concluded that any analytical method by

means of which the labelled sulphur colloid can be separated

from pertechnetate can be used for control of the radio-

chemical purity of colloids prepared from hydrogen sulphide.

On the contrary, a reliable analytical method used to control

the products prepared from thiosulphate must also permit

the separation of the colloid from the Tc(IV) compounds.

Most of the proposed thin layer Chromatographie methods

seem to be inconvenient for such control because in most

TLC systems ""mTc in the Tc(IV) valency state is retained

at the starting point and is detected together with the

colloid.

It has been found that membrane filtration method

with Millipore filters gives erroneous results due to the

high adsorption of sulphur particles on the filter, Iftis is in

accordance with the recent findings of Davis et al. /16/.

The study of the particle size distribution verified

that various products are prepared and administered under

the label »sulphur colloid-99^* In principle, colloids

prepared from thiosulphate in the presence of gelatin have

the majority of " ^ c activity associated with sulphur particles

having radius smaller than 0.2 fx. The colloids prepared
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in the absence of gelatin have the maximum of ̂ ^mTc activity

associated with much greater particles (radius up to lyu).

In addition, the activity distribution depends also on the

thxosulphate concentration.

3. Macroaggregated human serum albumin labelled with

It has been found that various chemical compounds

of " m T c are formed during the labelling of albumin. It can

be concluded that the control method for aggregated labelled

albumin should separate not only the aggregate from pertechne-

tate-99m but also the aggregate from the ^°mTc in Tc(IV) state

and from all other possible complexes (like ascorbate complex).

This study has not been finished. Therefore the results

presented in the progress report /17/ are not repeated here.

Conclusions

The general assumption of the study carried out

under this Contract was verified, i.e. the development of

methods for the quality control of macroaggregates and colloids

labelled with "^^o or ^In requests very detailed knowledge

of labelling process.

It has been verified that pertechnetate-99ffl is not

the only one possible radiochemical impurity in the case of

two types of colloids. Technetium-99m may be proved as an

unbounded, tartráte complex in the case of antimony sulphide

colloid or as an unbouncfehlorocomplex in the case of sulphur

colloid.

The rapid control method could have been developed

only in the first jase mentioned above; the control of radio-

chemical purity in the second case was time more consuming,

it lasted at least 1 hour.

The methods used for the particle size determination

were not generally suitable for the routine control. The

filtration method using the membrane Millipore filters is incon-

venient for the control of sulphur colloid-°9mTc which

originated from thiosulphate due to the substantial adsorption

of pas*icles. However, this method can b« used for the quality

evaluation of antimony sulphide colloid-^)inTc and sulphur

eollloid-99mTc prepared from hydrogen sulphide. The sedimwi-
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tation of particles in centrifuge is suitable for suspensions

of sulphur colloid- °mTc prepared from thiosulphste but the

mathematical evaluation is difficult.

It has been shown that under the name "sulphur

colloid-"°mTcn various products are hidden, the individual

colloids are strongly influenced by the particular experimental

conditions. As the minimum requirement for the clinical

behaviour comparability, the authors should at least mention

the colloid preparation method or ths supplier of the colloid

preparation kit.
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Addendum; Results obtained during the last time period

of the contract (February 1, 1974 - October 31, 1974)

Sulphur colloid-°°mTcÎ Particle size determination

Introduction

Sulphur particles prepared by the rapid decomposition

of thiosulphate solution are not of a real colloidal nature?

the system can be considered rather as a coarse dispersion /18/.

The preliminary experiments on the determination of the particle

size distribution in the colloidal sulphur-°"mTc by means of

the membrane filters showed the particle size exceeding 3 yu /17/.

This resulijwas high as compared with the data described in the

literature and therefore other experimental techniques were

tested. The simplest of them was the sedimentation in the natural

gravity field. The method was time consuming anfl therefore the

sedimentation of particles was accelerated by ceatrifugijsg.

The sedimentation method using two layers different in density

/19,2O/ was used too.

Materials and methods

The sulphur colloid- HPc was prepared and controled

as described previously /2l/. The "standard" collcid was pre-

pared by the mixing of 8 ml of the eluate with 0,3 nil of 1 N

hydrochloric acid, then 1 ml of 0.1 N sodium/Sulphate solution

was added and the mixture was immersed into the boiling wa-fcer

bath for six minutes. After rapid cooling the aliquots were

taken for the particle size determination and Chromatographie

analysis (0.3 M hydrochloric acid, Paper Whatman No 3).

The changes of the preparation process are mentioned directly

in the text«

The sucrose solution (approx, 33 <f) was filtered,

20 ml aliquots were closed into vials and heated in the

boiling water bath for 1 hour. The sut density and viscosity

was determined for each batch of this solution.
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Elementary sulphur was determined spectrophotometrically

as the thiocyanide complex /22,23/. The sediment of sulphur

in the centifuge tube was dissolved in 5 ml of potassium

cyanide solution (0.25 g of potassium cyanide was dissolved

in 12.5 ml of water and acetone was added up to 250 ml; the

turbid solution cleared up overnight), the solution was trans-

ferred into 10 ml volumetric flask and the tube was processed

again with the second portion of the cyanide solution. The

dissolving of sulphur was accelerated by the gentle heating.

The volumetric flask containing both portions was filled up

to volume with diluted acetone (100 ml of acetone and 5 ml of

water). Then 5 ml of the content were mixed with 5 nl of

ferric chloride reagent (1.65 g ferric chloride hexahydrate

dissolved in 12.5 ml of water and acetone added up to 250 ml.

After 16 hours the solution was filtered into a dry bottle]

and the extinction of the solution was measured immediately

at 465 nm. The calibration curve was prepared by means of the

elementary sulphur dissolved in benzene. The residue of the

sucrose solution in centrifuge tube disturbed the determination

by formation of opalescence. Therefore, the original i sulphur

sediment was washed with 10 ml of water and centifuged again.

This procedure was repeated.

The viscosity of the solutions was determined by means

of a small Ostwald viseómeter.

The determination of particle size distribution by

means of sedimentation was carried out as follows. An aliquot

(a ml) of the colloidal solution was mixed with (30-a)ml of

water and transferred into a small beaker (Fig«3à). The beaker

was closed with a rubber stopper pierced with two syringe

needles - one long having the conus cut off and one short with

the conus. The aliquots of the solution for activity counting

were obtained by means of a small syringe connected to the

short needle; applying a gentle overpressure the aliquot

(usually two drops) was squeezed through a long needle. Three

identical beakers were fixed to the framework protected from

vibrations and shakes.

Similarly, the samples for activity counting were

obtained from the centrifuge tubes (Fig.3"b). In these cases

the aliquot of the colloidal solution (usually 1 ml) was added

to 10 ml of sucrose solution in the centrifuge tube and the con-

tent was well mixed; the tube was then closed by a rubber
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stopper with two syringe needles. Normal glass tubes (approa.

120 ram high, 16 mm in diameter, 2 mm wall thickness) were used.

The Marshall method /l9,20/ was carried out as follows.

The glass centrifuge tubes mentioned above were fillled with

the sucrose solution to the constant height from the bottom

(75 mm; the volume slightly varied due to the differences

in the shape of the tube bottom). Then the aliquot of the

colloidal solution (0.5 - 1 ml) was carefully and very slowly

pipetted over the sucrose solution - a thin layer was formed.

After the given time of centrifuging the upper layer together

with the substantial part of the sucrose solution were

transferred into a small vial. The rest of the sucrose solution

was 0*5 ml in majcimum. The walls of the tube were wipped off

with a small piece of cotton wool.

The activity of small aliquots of solutions and of

chromatograms was counted in a well-type gamma-ray scintillation

counter (Prof. Berthold Laboratory counting assembly, BDR).

The activity of samples from the Marshall method was determined

by means of an ionisation chamber (Mediae Dose-calibratcr,

North-Chicago, USA); the results were corrected for the shape

and volume of the sample,,

ßalculations

Sedimentation of particles in the natural gravity field

The sedimentation time increases with decreasing

radius (r) of the partióle. The relation between radius

and the time is given by the well known equation:

r = il)
where h = the height (in cm) of the sedimentation layer

(i.e. the lènght of the needle under the surface)

g = gravitational constant (cm sec )

t = time (in minutes) at which all particles having

the given r pass the distance h

Ç » density of particles (1.92)

^s= density of solution (àprox. 1.00}

y> = the viscosity of the solution (0.010 poise)
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a

?i~. 3. The vcouclr, for takinc samples from the colloidal

solution during sedimentation (a) or centrifuçine (b).

Lone noodles had 0.35 mm inner diameter.
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The resulting curve can be easily linearized by plotting it

in log-log coordinates system. The line presented xn Pig. 4

is valid for h = 1.5 cm.

Experimentally, the activity of the solution is

obtained as a function of time. The typical plot of these

values is presented in Pig. 9. The time intervals necessary

for the complete disappearance of particles having the given

radius are found using the Pig. 4. The suitable radius

intervals are selected and the activities corresponding JJO

the ranges of these intervals are subtracted one from the

other. The difference represents the fraction (or percentage)

of activity associated with particles in the given radius

interval.

Sedimentation of particles in the centrifuge

The equation /24/ relating the radius (r) of the

particle, centrifugal force and time (t) is

•Ï k t
(2)

where x«- x, is the distance a particle of radius r

will settle in the time t (in sec),

x-, is the distance of the meniscus of the

solution from the centre of rotation (in cm).

The term k is defined as

\ •/••]:, •• .:.;. *.•- - f , . - ? p ^ § S - «
2 (3)

where <?„ - <§„ is the difference in density between

particle (taken as 1.92) and colulic^,

?? is the viscosity of the solution (in poise),

: '=•'. b) is the angular velocity of the centrifuge

rotor (i*e. rpunds per second multiplied

--— The concentration of."partióles having the given r

decreases with the time due to the fact that the centrifugal

field^varies linearly with diéíancs ana is radial in character.

Therefore, the interpretation of the measured change in activity
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of the withdrawn samples cannot be interpreted as simply

as described in the previous section. The solution of this

problem was derived as shown below.

In the polydisperse system of labelled particles

the activity distribution curve as a function of the particle

radius r is given by:

A(r) = A0N(r) (4)

where A = total activity of all particles,

A(r) = activity associated with particles having

the radius r,

N(r) = fraction of activity associated with particles

having the radius r (y N(r)dr = 1),
c

Dae to the above mentioned decrease, the relative activity
P(t) of withdrawn sample in time t is given by:

. /P(t) = ¿ N(r) e **•" dr (5)

where r. represents the maximum radius of particles

attaining the distance Xp in the given time t;

it is defined by equation (2).

(6)= Z
xo

where I(t) = measured activity of sample withdrawn after the

sedimentation time t,

I = measured activity of the sample having the same

volume, which was withdrawn before the s"ïart of

sedimentation (t = 0)#

The calculation of the equation (5) is limited by the

experimental possibilities. Let us denote r_ as the radius of

particles passing the distance x„ — x, at the time of with-

drawing the first sample (ta). Analogously, r^ represents

the radius at the time of taking last sample (*%)*

The real, unknown distribution curve can be approximated

as shown in Fig. 5"« Experimental data does not describe the

part of the distribution curve in the interval (0,r^). However,

the calculation of the distribution curve in the interval

{r^r ) needs the knowledge of the shape of the distribution

curve in the interval (0,^)« therefore, it is necessary to

assess in some way the"shape of the distribution curv« in

the interval (0, r^).
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We have found as useful to solve the equation (5)

as the sura of two integrals:

I%t) = M(t) + S(t) (7)

where M(t) is the relative activity corresponding to the

particles with radius in the interval (0,r>),

S(t) is the relative activity corresponding to the

particles with radius in the interval (r., r )

The real distribution curve can be replaced in the

interval (0,rb) by the function:

N(r) = D.rm . (8)

Then „ «

M(t) = / " Dr1" e^hX dr (9)
o

2

The function e r can be approximated:

e-2ktr
2

The expression (9) becomes on integrating:

- - 2kt —

The expression (11) can be used only for Xg/x, ^ 1.648.

The values m and D are calculated from the experimental data.

Let us denote the measured activity of the sample withdrawn

at the time t as P(t ). The corresponding value of r is

calculated using the equation (2). The expression for calcula-

tion of m is:
P(ty)

lOg pZ-j; )

m = ~ b " 1 (12)
log ~z—

rb

The value m is calculated for'several experimental values of
-P("fcy) obtained within the time interval approximately ,

(Ö.7 tfe, 0.85 t^), and the average value is taken in the

following. The negative value of m means that the experimental

curve cannot- be treated in this way due to the fact that the

last experimental'point correspbhàs to the radius greater than

the radius of particles having maximum fraction.

The value D is calculated according to the expression:
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D .
IL

3a I (m+3) - 21n(xf) (m+1)

The fraction of the total activity in particles having

radius in the interval (0,rb) is:

rm+l

G(rb) = D — (14)
ra+1

The term S(t) from the equation (7) is obtained as follows.

The interval (r ,rb) is divided into n smaller intervals and

it is integrated over them. The width of each interval is: ¿

a = -if^ (15)

Within each small interval the respective value N(r) is held ,
—?ktr 1

as constant. The function e is replaced in each small \
i

interval by its value for the centre of the respective '<
interval. For the time t. the expression is: ;

S(t-) = a C
3 =

Inwhere . "*"" Xl it± = i (17)
k(rb +ia)

2

The fraction of activity N. associated with particles

having radius in the i interval is given by the expression:

2kt.
e X

N.
j=l *

2 j
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¡

/ 1 2 3

4 5 •••• ».i,, •#.n—1, n

r
3. She approximation of the real distribution ourve

The fraction of the total activity in particles having

radius within the interval (rb,ra) is:

n
a
i = 1

(19)

* Por completness, the fraction of the activity in

particles having radius greater than r_ is: .

' The treating of one experimental curve is presented in'

Appendix as an example».
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Sedimentation of particles in the centrifu/je. liarohall
method

This method is based on the determination of the

activity associated with particles sediraenterl on the "bottom

of the centrifuge tube and the activity associated with

non-sedimented particles.

The total time necessary for the sedimentation

of particles with radius r is given by the expression /19,2O/:

t = 7-5— (à ios
3.82 n¿r2 2

a.
(20)

where n = rounds per second,

a--,, a2, a-, = distances of the meniscus of the

solution, of the boundary and of the bottom

of the tube from the centre of rotation {in era),

respectively,

'<?:i = d e n s i t i e s o f particles (1.92), of

coíloid suspension (approx. 1.00) and of sucrose

solution, respectively,

•*, = viscosities of colloid suspension and

of sucrose solution, respectively (in poise).

The activity of the sediment is expressed as the

fraction of the total activity. Then, the fractions of the total

activity corresponding to the individual time intervals are

subtracted one from the other.

Results

Sulphur colloid labelled with ^^mTc is labelled

during the formation of sulphur particles. The relation

between the labelling and the particle size was studied by

means of the Marshall sedimentation method. The aliquots

of the labelled colloid were transferred into individual

tubes and after a certain time of centifuging the supernatant

was removed and the sediment was analysed for the sulphur

content and the "°mTc activity content. The results are

presented in Fig, 6 for sulphur colloid prepared without

any additives (»standard colloid11) and for the colloid

prepared in the presence of gelatine ("standard11 colloid /
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100

4

A

B

Fi/:. 6. a- Fraction of tho ""°Te activity associated with
partición having radiuo creator than tho civon value.

b- The ratio of ^"^Pc activity to tho weicht of
sulpïmr in the sediment plotted versus the appropriate
radiuo of particles

A: 4> of the total activity bound in all sulphur
pagyticlea, Bi The value A per pg of sulphur in sediment.
+-colloid prepared in the presence og gelatin, o-colloid
prepared froo of additivea.

prepared after the addition of 1 ml of 3 $ celatin). Pic» S a
represents tho percentage of ^ ^ c activity associated with
particles having radius greater than the given, value. Tho
vo.lueo are corrected for unbound ""m0?c (in both colloids
1.6 1> of tho total 99raTc activity). Piff, 6b ßhows tho ratio
oT activity and tho total culphur in tho eodinontj all valuen
aro calculated for 0.5 ml aliquot» of tho original colloidal
oolutionc, Firat tivo exporiraental point o obtained for tho
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gelatin colloid had the amount of sulphur in the sediment

near to the detection limit of the method; the curve is therefore

dotted for the less reliable poiitts.

It can be concluded the ratio of "°mTc to sulphur

content of particles in the final colloid is constant within

the particle size radius interval under study»

The sulphur - technetium-99m ratio was studied also

during the formation of the labelled colloid. The labelled

colloid was prepared under the standard conditions and at the

given time aliquots were rapidly transferred into centrifuge

tubes containing 1 M sodium acetate solution. The neutralization

as well as colling stopped the formation process. The tubes v/ere

then centrifuged and the sediment was analysed for activity

and sulphur content. At the same time intervals the aliquots

of "̂ he original solution were withdrawn and immediately

analysed by paper chromatography. The results are presented

in Fig. 1 •> The change in specific activity of sulphur particles

is shown in Pig. 8. During the labelling process the specific

activity of the colloidal particles increases and after the

second minute slowly decreases.

The first results concerning the particle size

distribution of the sulphur colloid- ?" Tc v/ere obtained by the

sedimentation of particles in natural gravity field. The typical

experimental curve is presented in Pig. 9.

It was found that the shape of experimental curve did

not depend on the volume of colloidal solution aliquots within

the ratio 0.5 to 4 ml per 30 ml of the analysed solution.

The distribution curve presented in Pig. 10 was obtained

for the "standard" colloid; it is an average from 11 determina-

tions. For one of those colloid the analysis was also carried

out by means of the Milipore membrane filters. The filters

having pore diameter 3 /* and smaller retained 97-98 per cent

of the total activity. Only the filter with 8 /u pore diameter

reáained less particles, only 92 per cent of the total activity.

Chromatographie analysis of the same colloid showed 1.7 + 0,1

per cent of the total "^Tc to be unbound to the particles.

The majority of the particle size determinations was

carried out by means of a centrifuge. One experimental curve

is presented in Appendix as an example.
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100 100

minutes

Fig. 7. The forelation of sulphur partitrles (a) (expressed
in \\z of elemental sulphur per 0.5 ml of colloidal solution)
and tho porcentaje of ^^o found in colloidal particles
during th« labelling procedure. The percentage of 99raTc was
determined from the activity in the sediment (b) or by means
of paper chromato^raphy (c).

B

U 0 2 * minute3

8. The ratio of 99inTc activity to the weicht of sulphur

in the sediment as a function of tho labeling time«

B - The anount of 59raTc activity found in the sediment

(expressed in per cent of totatl 99n0?o in colloidal solution)

por fji£j of sulphur.
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50 _

Oí

hours

Fie. 9. The decrease of the activity (1.5 cm under the surface
of the solution) as the function of the sedimentation time.

It was found that the distribution curve did not
depend on a)the analysed aliquot volume within the ratio
0.05 - 1.0 ml of colloidal solution per 10 ml of a sucrose
solution,

b)the speed of centrifuge cjplied.
The results partially depended on the concentration of the
sucrose sulution (changes in density and viscosi-sy were taken
into account!). The largest discrepancies wore found with
short sedimentation distances (i«e# the length of the needle
under the surface). Therefore, only the results obtained with
3 - 4.5 cm sedimentation distance were taken for comparison»
Tho colloidal particles wero also partially adsorbed on tho walla
of the centrifuge tubesj this effect.was not studiod in detail,

Tho distribution curvo of the "standard" colloid in
presented in Fig. 11, It is the mean of 8 determinations.
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i¿> 10. The distribution curve of ^'"ïc ±n «standard" sulphur
colloid. The result was obtained by the sedimentation in the
natural gravity field. The particle radius interval width
is 0.2 p (a) or 0,1 p (b), respectively.

The decrease in the thiosulphate concentration
resulted in the decrease in the average particle size of
labelled sulphur particles. The respective colloidal solutions
wore prepared in the same way as the standard colloid but
with a lower thiosulphate concentration. Starting from 0.001 N
thiosulphate solution the heating time was prolonged to
13 minutes. The results are shown in Fig. 12} the radius
interval (the width of interval was 0.15 p) in which the
maximum activity has been found is plotted vs. the thiosul-
phate concentration.

This study was completea hy the áeionnination of
the yield of elementary sulphur as tho function of the thio-
'sulphate concentrations. Tho aliquots of individual colloid»
ware procooocd in the same manner as described for thô study
of the sulphur formation rate (p. 31). Tkô résulta aro plotted
in Pig. 13«



Fir. 11. The activity of ^^Te (in per cent of total activity)
associated with particles having radius in the given interval.
Dotted part of the curve represents the estimate of the real

curve.

It was found that the addition of gelatin to the
sulphur~^JI1ïc colloid did not changed the distribution curve.
on the other hand, the presence of gelatin during the
for.r-.-vi; ion process substantially changed the particle size
distribution. This effect was staidied by means of the
"standard" colloid; the gelatin concentration was varied
from 0.032 ̂  to 0.53 5?. The distribution curves were nearly
identical (Fig. 14); a small increase of activity in larger
particles was observed at the lowest gelatin concentration
studied (Pic* 15).

Polyvinylpyrrolidon had similar effect as the gelatin.
On the other hand the effect of doxtran or mannitol on the
particle size distribution of the "standard11 colloid was .
rauch less expressive. Some results are shown in Pigs 16-18.
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ÎO"*3 3 5 10""1

concentration of thiosulphate
Pic 12. ïho effect of thioaulphate concentration on the siso
of particles having the maximum °°mTc activity«

80

60 -

40

20 -

10 3 5 10
concentration of thiosulphate

Fi£. 13, The yield of elementary sulphur formed during the
thiosulphate decomposition as tho function of the thio
concentration. Sho yield ia expresoed in ̂  of "theory" (from
one moleculo of thioeulphato ia fomod ono K O Í K atom of culpivur).
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Fie14. The activity of99mîc
(in per cent of the total
activity) associated with
particles having radius in
the given intervan. "Standard"
colloid prepared in the presence
of 0.29 fo gelatin (mean of 5
determinations)•

Pig. 15. Fraction of the
activity (in per cent of the
total activity) associated
with particles having radius
greater than the given valad.
"Standard" colloid was prepared
in the presence of O#29 f<> (1)
and 0.032 i» (2) of gelatin,
respectively.

1.0



f>
Fie. 16. T-ne activity of JJU'2c

(in per cent of the total

activity) associated with

particles in ths ;~iven interval

"Standard" colloid v-w.; preparo:

in the presence of polyvinyl-

pyrrolidone (0.1 - 0.5 £).

O . 0.5

Conclusions•

The particle size distribution of tho sulphur

colloid-^°mTc was analysed by means of four methods.

It has been found that the filtration method usinj

the Millipore membrane filters ¿jives erroneous results due

to the high adsorption of sulphur particles on the filters.

Three sedimentation methods has been used for the

analyses of the labelled colloid prepared in the absence

of protective colloids and two of them were used for the

analyses of the colloid prepared in the presence o££elBtin.

ïhe results are compared in the Pig« 19*

Marshall method (sedimentation using two layers

different in density) associates the "̂ffi2c activity with

greater particles than two other methods. The mean particle

radius of particles with maximum of "m5?c is 0.8 - 1.0 /u

to the Karshall method and 0.6 - 0.7 p. according
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6.9 + 0.2 s
r > 1.45

14.2+4.4 5»
r < 0.25 y

i j

0.5
99m,

1 r(jx)
Fie. 17. The activity of J:>lc (in per cent of .tue total
activity) associated with particles in the given interval.
"Standas-d colloid was prepared in the -presence of 0.5 J? oí
dextran.

•

30

20

10

8.0 + 5.0

r >1.45

7.9+2.3 55
r < 0.2 jtx

I
0.5 *(/*) 1.5

Fi¿5. 18. The activity of ^-mTc (in por cent of the' total
activity) ascociated with particles in the given interval»
"Standard" colloid was prepared in the presence of 1.0 j5 Of
mannitol.



- 40 -

" « v \
\ \

-•*

• \

\

if-.?

100

30

60
A

40 1_

20

Fi^. 19. Comparison of particle size distribution for

sulphur colloids-.-^Tc. prepared in. tho absence of protective

colloids (a) and in the presence of 0.5 ?•> gelatin (1>).

A - fraction of the "'"̂ Tc activity associated with particles

having_radius greater than the given value.

Full lines results of the Marshall method, dashed liner

results of method using the sedimentation in the natural

gravity field, dotted line: results of method

sedimentation in centrifuge.
100

Pig. 20. The effect of protective colloids on the particle

size distribution of sulphur colloid-^^Tc. Individual

colloids were prepared either without additions (1)

or in the presence of 0.6 §5 of dextran (2), 1.0 f* of

mannitol (3)., 0.3 tf> of gelatin (4) and 0.5 £ of Polyvinyi-

pyrrolidone, respectively. A- fraction of the -^So

activity associated with particles having radius greater

than the given value.
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to both other techniques used. Those results ban hewi í'ouv.;

for the "standard" colloid. Similar discrepancy eya;;t-r; ?.n

the case of colloid prepared in the presence of £el&.tin.

On the other hand, the sedimentation in the natural ̂ ruvit,/

field gives nearly identical results like the sedimentation

in the centrifuge.

However, all three methods show that sulphur colloiâ-

- Tc prepared in the absence of protective colloids ic 2̂ .:?.

a suspeneion than the real colloid, The influence of several

protective colloids is presented in "Fir. 20. All Ähe^e recuit

viere obtained by means of one experimental method, therefore

they are comparable. The presence of gelatin or polyvinyi—

pyrrolidone decreases the mean particle size, while the

effect of mannitol or dextran is much less expressive.

Protective colloids added to the solution after the sulphur

colloid-'-mTc is formed do not change the particle size

distribution. The mean particle size decreases also with

decreasing initial thiosulphate concentration.

All above mentioned results can be used for the

evaluation of individual sulphur <5olloids-9-rn!l?c prepared

under different prescriptions; they explain the dissimilarity

of products which all are administered under the label:

sulphur colloid-"mTc.

lion of the methods described in this report for the

particle size determination is - at present - suitable for

the routine control of labelled colloids.

Appendix. Example of calculations

(Por symbols and equations see p. 24 - 28)

Data

Colloid: "Standard" collolid- "raTc prepared in the

presence of 0.15 $ polyvinylpyrrolidone

Dilution for analyses: 1 ml of the colloidal solution

mixed with 10 ml of sucrose solution

Density of the analysed solution: 1.13

Viscosity: 0,0254 poise

Rounds per second: 33*3

Distances: xg = 12.4 cm, x^ = 8.3

Experimental curve: Fig. 21
cm
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100

100
minutes

Pig. 21. The decrease of the activity as the function

of the sedimentation time in the centrifuge.

Calculations
a)general

oo = 209.2;

f
co2 = 4.3SxlO4

4.38X104 = 3.O3X1O5

l n « 0.393

•f 1.30x10'

"b) Interval (0,rb)

Calculation of m (equation 12)

tb= 5400 sec

tj^a 4200 sec

tx2= 3000 sec r„„« 2.O8xlO"5cin

0.157

0.229

0.30S



0.137
0.05Ö

0.266
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• 1 = 1.364

mean value: m =1.20

• 1 = 1.034

Calculation of D (Eq. 13)

0.167
D =

2.8xlO~12(4.2O - 1.73)

Calculation cf ü,, , (ïïq. Il)

I,:., =0 .284 - 2.14xlO~5t

= 2.42x10l0

The fraction of the total activity in particles having radius

in the interval (0,1*̂ ) is 0.284 (Eq.. 14).

c)Interval (r .r, )

a = 1.5xlQ~*cm

The valxies used for the calculation are presented in the

•Table 2. The individual values of áN. are calculated stepvvise

as follows. Firstly, the value aN, is calculated:

aî^ = 1.550(0.495 - 0.253) = 0,375

Then, by means of it the respective values of the term

aîL e (21)

are calculated (Table 3). In this case:

rb + (j - 1/2)a = 2.27xl0"5Cm

and t- varies from t- to j - .

Secondly, the value aN2 is calculated:

aN2 = 1.716(0.715 - 0.270 - 0.308) = 0.235

and then the respective values of the expression (21) are

calculated (Table 3)» In this case:

rb + (3 - 1/2)a = 3.75xlO~5cm

and t. varies from t^ to t^.
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Then the valuer aN, and afJ.are calculated in the .;i;.)ilr

way and, finally, Wie value alir is calculated:

aïï5 = 1.917 (0.920 - 0.281-0.357-0.207-0.057-0.Olo)

= 0.004

d)Final result

The final result, i.e. the fractions of activity associated

with sulphur particles having radius in the i.. interval

is presented in Table 4.

Table 4« The activity distribution in the sulphur colloid-

prepared in the presence of PVP

interval

cmxlO

0 - 1.54

1.54- 3.0

3.0 - 4.5

4.5 - 6.0

6.0 - 7.5

7.5 - 9.0

> 9.0

fraction of the total
99R3TC activity

0.284

0.375

0.235

0.075

0.025

0.004
0.002
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