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PREPARATION AND USE OF LYOPHILIZED KITS : HUMAN
SERUM ALBUMIN 99™Tc AND DERIVATIVES

Sagramor C. Melo Perwano’, J. Wagner®® and
Constincia Psgano G. da Silwe®

ABSTRACT
e
Fri per—pressn the experimental data on preperation and conssrvetion of human ssrum elbumin (HSA)
#nd 3 dernvatives macro IMAA) and micro (MIAA) sgregetes. - £ | -c, THL )

Lyophilized compounds are Isbelied with techpstium 99m.

Resuits trom isbelling reections obtainad by mesrs of ascending paper chrometography and sbeorption
wpectroscopy are described.

Rewits from siectron end optical Micrographe of MAA snd MiAA, biologicsl distr i "nd y smey
are also examined.

Maps obtained from placentography, puimonsry snd Iver scintilography snd cardisc blood pool studies are
shown by "Clinical Assay”.

1 - INTRODUCTION

A number of methods dealing with the lsbelling of HSA with technetium 99m have heen
reported in the literature,

Some of them require the reduction af pertachnetste anion by iron-sscorbic acki mixture!’9-2!

s1aNNoUs chlorideu’ or electrolitic reduction“'.

The labelling process of HSA and its derivatives in kit form is established.

The kit proved to be simple and satisfactory for clinical use,

The stability of the kits permits its shipment to distant medical centers, 30 that the labafling
process can be made whenever it is necessary.
2 ~ MATERIAL AND METHODS
Matoriuls

Solution; of sterile, pyrogen fiee human serum slbumin (Behring), 0.1 and 0.2 normsl
hydrochloric acid (Merck), 0.1 and 0.2 normal sodium hydroxide snd normal pysiological mline,
[ 8] Howpitel Oweido Cruz, S8o Paulo, Brasht,
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Stannous chloride (Merck)
Sodium pertechnetate 9™ T¢ (Mallinckrodt)
Ammonium pertechnetate I9T¢ (New England Nuclear)

Ketone [Merck)

Equipment
A precise water bath with cominuous gemie agitation at a constant wmpersture of 78°C.
A chromatography apparatus for ascending paper ctwvomatography.
An electron microscope with magnificant to 28000 X (Zeiss).

A scintillation counter facility for measuring radioactivity levels in albumin 99™Tc and
derivatives 2™ Tc samples.

A whole-body photoscanning equipment.
A Spectrophotometer {Perkin-Eimer).
Each kit is prepared in a special room of 4 m’ provided of sn anti-camers of 1.5m?.

This one has a germicide UV lamp and a cabinet to keep aprons, gloves and masks used by the
oparator.

The working room has a glove-box provided with an UV iamp and a nitrogen entrance.

A lyophilizator {De Virtis) is instaled in this room.

Preperstion of the HSA kit and its Isbelling with technetium-99m
Stannous chloride is used as reducing agent of pertechnetate anion in presance of HSA.
Firstly stannous chloride is dissoived in 0.1 normel hydrochloric acid in nitrogen itmosphn
A convenient part of this solution is poured into the HSA solution.
The solution is frozen to -40°C snd lyophilized in nitrogen stmosphere.

To snalyse the lsbelling process of HSA and its derivatives an adequate quantity of sodium
pertechr state 9°™Tc is added intothe lyophilized ssmple.

Paper chrometography with ketone end sseline as the solvent wss used to distinguith and
ostimate the percentages of reduced technstium, pertechnetsts anion and lsbelled humen serum albumin.

Preperstion of MAA kit end its labelling with technetium-29m

The MAA egegstes were prepsred according 1o the Taplin mahod''!! and the reducing sgent
.dissolved in 0.1 normel hydrochloric acid was added.



The samples were immediately frozen at 40°C ond lyaphilized in niizngen atmosphere.

The radiochemical nuality control of the lyophilized sample labelled with technetium-99m was
performed by ascending paper chromatography using ketone as solvent.

Studies to determine the organ distribution with the testing material were perfosmed in rats,
using 0.25 mg MAA/100 g body weight (up to 0.08 mC:) to determine pulmonary deposition. The

security test, following inter national no:ms"“, was performed using mice (20 g) or rats (350 g).

Up to 0.05ml of the material was injected to the first ones and up to 5.0 m! 1o the latters
{econc. 7.5 mg MAA/mI).

After the injeciion the animals were observed during seven days, by registering any sigmficent
symptom or death.

The particle size distribution control was performed by optical or electron micoscopy.

Preparation of the MiAA kit and its labelling with technetium-99m
The MiAA was prepared by the dilution of 25% HSA to | per cent with physiological saline.
The pH was adjusted ta 10 by adding 0.2 N NaOH.

The solution was heated in a water bath to 78-80°C for 20-30 minutes. It w-3s then cooled to
room temperature and the pH lowered to 7.5 by adding 0.2 N HCI.

After the colloid preparation, stannous chioride in 0.1 N HCI was added in nitrogen
amosphere.

The samples were immediately frozen at - 40°C and lyophilized.

Sterile and pyrogen free reagents, equipments and technigues were used i) each preparation,

3 - RESULTS
In order to obtain the best conditions for the preparation of the kit and its labelling with
technetium-99m, assays like variation in pH of labelling, protein mass, time of reaction snd

fyophihization conditions were carried out. Stability of the lyophilized products durng stofage was
examined and quality rontrol of the labelled products was performed.

o) HSA #PMTe Kit
— Influence of variation in pH:

The sssays were carried out using 60 mg of HSA, 0.24 mg of stannous chloride snd pH between
3 and 8.5. The reaction time was two hours in all cases.

The results indicated that the best labelling pH was 6.5, with 3 labelling yie:d of 8596%.
(Figure 1).

Figure 1 shows 8 great des! of the reduced technetium below LH 6.0 with 8 maximum in pM
5 0-5.8 which is in coincidence with the isoaletric point of the protein
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Figure 1 — Yisid of Abumin Labelling as Function of pH



For pH higher than 6.5 the quantity of free pertechnetate increases, reaching 8C per cemt in
pH 8.

The results mentioned above indicate that the valence state of technetium and hence its
chemical behaviour depends on the alcali or acidic medium. Results obtained by paper chromatography
indicate that technetium reduced by stannous chloride labels albumin. This reduction is performed in
absence of oxygen, as its presence and an acidic medium cause the formation of voktile Tc,0,(3.1.5.8),

— Influence of reaction time:

Figure 2 shows that the reaction must be slow, about two hours, to obtain about 95% labeling
yield and a stable labeled product.

Although the quantity of technetium as pertechnetate anion remains low, less than 5% for the
presemt conditions {60 mg of HSA 0.24 mg of stannous chioride and pH 6.4), that of the reduced
technetium is initially high, lowering before the first 90 minutes and reaching a minimum before two
hours.

The labelled product remains stable for ten hours after labsiling.

Even after 24 hours the labeling yield reaches 83%.

After this time the impurities are represented by reducedtechnetium (11%) and psrtechnetate
{about 6%).

— Influence of the albumin mass:

Figure 3 indicates that the labelling yiekd grows up with increasing albumin mass, and reaches a
maximum at 60 mg.

The relation between reagent/reducing agent was alwavs 250 1.

— Absorption spectroscopy:
The technetium is reduced by stannous chloride whenever it is added toiyophilized semples.
Absorption spectrum of the kit in water solution before its reaction, in presence of ammonium
pertechnetate 99Tc and sodium pertechnetate 29™Tc, pure albumin solved in water snd pure
ammonium pertechnetate 99Tc are presented. The spectrum of pure albumin/stannous chloride ere
different (Figure 4).
— Stability of the lyophilized product during storage:

Stability uotil 45 days after preparatior was examined.
The labelling yield was 90-95%, thus the same ss that of the frash ones.
— Standartization of the time of lyophilizetion:
Four hours is sufficient to obtein e lyophilized product of gond quality, which dissoives easily

by the addition of sodium pertechnetate in saline.

b) MAA My
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Figure 2 - Yield of Albumin Labelling as Function of Reaction Time



Figure3 - Yisld of Albumin Labelling ss Function of Protein Mawm
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Figure 4 — Absorption Spectroscopy Albumin, Stannous, Albumin29™Te and 99710,



- Influence of the MAA mas;:

Experiments carried out with the lyophilized material {MAA/stannous chioride 250:1) indicate
that whitin the range 30-60 mg of MAA the labelling yieid is high. '

Ascending paper chromatography (Whatman N© I} using ketone as solvent was used to study
the tabelling yield (Figure 5).
- influence of the time of reaction:

Tr.e time required for the reaction between MAA/stannous chloride and technetium 99m is very
short, less than five minutes.

The labelied product is stable for at least 10 hours after its preparation {Figure 6).

-~ Biological control:
Biological distribution control, in & sjgnificant numberof Iyophilized flasks, indicates that at
least 00-95 per cent of the injected dose is depositea in the lungs after the first 15 minutes post

mnjection,

Laboratory rats with 300 g body weight and a dose of 20 LCi were t'sed in the experimaents.

- Stability control during storage:

Repeated tests for free 99MTe in water suspension agaregates and observation through an optical
{OM) and electronic microscope (EM) show the following results:

Teble }
Storage period Labeliing yield Observations
%,
Good f.ssolution
1 day 100 Particles 80-115 u (OM)
{Photo 1)
4 days 100 Idem
Good dissolution.
1 month 100 Particles 25-110 4 (OMand EM)
{Phota 2)
2 months 80 Bad dissolution.
Particles 20-0,6 .. (EM)
Bad dissolution.
8 months 60 Most of tha particles
0.4-0.7 y1 and agglomerstes (EM)
(Phuto 3)
Bad dissolution.
7 months 41 Decomposition of aggregstes,
Particles 0.3-0.6




10

[ 4 p—--—-—----@------a-—--
/',
'y ’
/
.G
L NYY)
!‘
;
o
# i
;
'
/
i
"
'
|
Y R 2 m (me |

Figurs 5 — Yiek! of MAA Labelling ss Function of Protein Mew



e d

> timnm)

b

100

(3}

Figure 6 — Yield of MAA Labelling as Function of Reaction Time



12

¢) MiAA 99™T¢ Kit

— Influence of the MiAA mass:
Keeping the relation MiAA/stannous chloride on 250:1 it was observed that the maximum
labelling yield is obtained with 30 mg MiAA (Figure 7).
— Influence of the reaction time:

The labeling of MiIAA is reached by adding sodium pertechnetate to the lyophilized kit and is
completed in a few seconds.

Results from paper ascending chromatography using kitone or saline as solvent indicate the
absence of free pertechnetate and albumin, giving 100 per cent labelled colloid.
— Biological control:

The biological distribution contral was perfarmed with a significant number of flasks, using
laboratory rats, 300 g body weight (0 026 mg MIAA/Kg, 0.025 uCi).

The flasks are sent to the users whenever 8590 per cent of tha aggregate deposites on the liver
after 8 min following the intravenous injection.
— Stability under storage:

Significative samples of each batch were diluted in pure distilled water snd then examined by
electronmicroscopy, giving the following results:

Table Ul
Storage period Labelling yleld Observations
%
Good dissolution,
up to 1 month 100 Particles 0.8—-2.0 u (EM),
definite form,
(Photo 4)
2 months 70 Good ansolution,
Porticles 0.6—-1.0 4 (EM)
3 momhs ) Good dissolution,
Perticies 0.1-0.4 u (EM)
Bed dissolution,
6 months ] Perticies 0.1-0.4 u (EM),
whhout definite form,
{Photo 8)
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d) Clinical Assays

HSA 997 ¢ kit was used for placentography and for cardiac blood pool studies. Ten patients
were studied by placentography. The scans (frantal and latesal views) were initiated 10 min. iater and
performed with a ¥ camera with whole body scanning system. Placenta could be precisely iocated in ail
cases (Figure B). Three patients were studied by cardiac blood pool. The dose used was 10 mCi and was
injected by Oldendorf’s Technique.

Sequencial images {3/3s) showed the passage of the raciopharmaceutical through the heart and
lungs. (Figure 9).

Static images could be taken 30 min. to 1 hr. after the injection (Figure 10).

MAA 29™1¢ was used for lung scintigraphy.

Five patients were studied.

The dose used was 4 mCi for aduits and the scanning was performed with a y camera.

The distribution of the radicactivity through normal tissues was homogeneoys and the quality
ol the images was good (Figure 11),

4 - DISCUSSIONS

Stannous chioride has proved to be effective as a8 reducing agent for pertechnetats snion and
this one, once reduced, is used in many radiopharmaceutical preparations.

To avoid the decomposition and the great instability of the reduced agent is was necessary to
stabilize it, for the routine preparation of the kits , specially HSA and its aggregates MAA and M:AA,
This scope was reached by lyophilization of the protein together with the reducing agent, in nitrogen
atmosphere,

As the radiopharmaceutical is administered in human being, intravenous injection, sterile and
pyrogen free equipment, techniques and solutions must be employed 8s described in ''Farmacopéiu
Brasileira”! 7). The labeiled product obtained must obey the international security hws‘e).

Considering the HSA 99my, kit, it is necessary that the pH of the 'yophilized product be
within (.0-6.5, in order to achieve 8 high Jabelling yield, At lower pH coiloidal albumir: is formed and it
reaches the liver and spleen after administration. Hence, the scans of placents and cardisc blood pool
will be poor.

Above pH 6.5 the percentage of free technetium is higher and the product concentrates in the
thyroid following intravenous injection,

To maintain the pH during the labelling process, the volume of sodium partechnetate solution
used must be less than two milliliters.

The absorption spectrum of pure albumin reaches 8 maximum st 300 nm while
albumin/stannous chloride presents three maximum (310-340-360 nm). There seems to be » bond
betwaen stannous cation and albumin. The HSA/stannous chioride labstied with technetium 99m presents
two maximum st 310 snd 360 nm. This indicatss that the reaction must occur between the stannous
sibumin and technetium,



fiure 8 -~ Plecents Localization: — e, frontal view — b, laters! view
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Figure® - Sequentiel Imsges Tivough the Heart snd Lungs



Figure 10 — Pulmonery Scintigraphy. — a. Anterior ~ b. Posterior
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Figure 11 -- Pulmonery Scintigraphy of Norma) Flsure



Photo ¥ - Electron Micrograph of MAA—99™T¢ One Day After the Preperstion (1800 x)
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Photo 2 - Elsctron Micrograph of MAA=-"9™T 4 | month After the Preperation (1800 x)
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Photo 3 — [
Etectron Micograph of MAA-"9"Tc 8 months After the Pr
eparstion (28000 x!



Photo 4 — Elertron Micrograph of MIAA-99™T¢, 1 month After the Preparation (26000 x)
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?hoto 6 — Flactron Micrograph of MIAA-99™Te 8 months After the Praparstion (28000 x)
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The analysis of the spectrum of labelled sdbumin shows that the typical peaks of the
pertechnetate anion (240-290 nm) disappear and this indicates a total reduction.

The same proportion of reagent and reducing agent (250:1) was used in the preparation of
HSA, MAA and MIAA  Kits .

Considering HSA, it seems to occur an initial reduction of the pertechnetate anion (Figure 2}
which labels the protein after a certain pescentage is reached.

The protein, once labeled, remains stable for a long time, about 22 hours, which indicates 8
stable bond.

For derivatives, MAA and MIAA, the time required for the reaction is extremsly short, of avout

minutes.

It seems that the thermic treatment during the aggregation destroys the ¢ . = of complexation
between the albumin and tin,

5 — CONCLUSIONS
The lyophilized kits reached a high labelling yield technetium 99m.
The HSA 99MTc kit has . swability under storage over 45 days.
MAA 3912 kit ang MiAA 99™Tc kits must be used within a month after their preparanion,
The particle size of the MAA permits the lung scanning and the MiAA the liver scanning.

For the preparation of the kit an adequate technique to obtain a high degree of rediochemical
labelling {nitrogen atmosphere) and all the cares necessary for injected products are employed.

Representative samples of each batch are submited to radiochemical control and sterily tests in
order 10 obtain products with the best quality.
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RESUMO

Sarwers sosine-oprePRY 03 [esultados experimanteis da prepersclo ¢ conservaglio do soro sibumine humens @
a peys derivedos macro (MAA) @ micrn (MIAA) agragados. Os compoi’os lioillizedos oo maerosdos com tecnécio SOm.

Anglisam-@ 08 COMPOSIOs Marcados peias técnicst de cromatogratia em pepel ¢ espectroscopie de sbsorclio.

Examinam-m os dxios obtidos ne microscopia Optice ¢ elstrdnice de MAA ¢ MIAA, g distrbuiglio bioldgica 8
os enmins de toxdeds.

Mostram-m o8 mapes obtidos na placentografis, 8 cintilogrfie dos puimSes ¢ figado @ o0 #etudos de "pool’”
cardiaco sarglineo.
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