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PREPARATION AND USE OF LYOPHILIZED KITS : HUMAN

SERUM ALBUMIN 9 9 mTc AND DERIVATIVES

Sagnmor C. Meto Penara* J. Wagner" and

Constância Pageno G. da Sina*

ABSTRACT

^«•••aepar^Bitaajej in» axperimental data on preparation and conservation of human mrum eijwftln (HSA)

and n i derivativas nuao IMAA) and micro (MiAA) aggregate», j - .j_ | . - u i . ~',A

Lyophiiizad compound* ara laoallad with lecftnetium 99m.

Ranilts from laballing reaction» obtained by maana of aacanding paper chrometography and atjeorptlon
•paciroicooy ara dmcribad

from alaciron and optical microorapr» of MA A and MiAA. biological diftrfcution and tontctty

art elao «aminad.

Mapi obtained from plKamoorapny, pulmonary and liver Kintrtography and cardiac blood pool Mudiaa art

«nuwn by "Clinic?! Asiay".

1 - INTRODUCTION

A number of methods dealing «yjfh, the labelling of HSA with technetium 99m have
reported in the literature.

Some of them require the reduction of pertechnetate anion by iron-ascorbic acid madura"0"*'
itannous chloride 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, to thai the labelling
process can be made whenever it is necessary.

2 - MATERIAL ANO METHODS

Meter hi Is

Solution-* of sterile, pyrogen free human serum albumin (Behring), 0.1 and 0.2 normal
hydrochloric acid (Merck), 0.1 and 0.2 normal sodium hydroxide and normal pyflologiojl «line.

CI Mown* Owtkto Out, Sen Paulo. Bratlt,
' " > Centro dt PtrxmminmrMn rf# Malarial Rnrlirwrivu. Irtftiruto <1» Fntfroin Atnmkra, Sid Paulo - BratM

Aprovar» par» iml.ii. .«,.1., «in i..'t.> ^•un



Stannous chloride (Merck)

Sodium pertechnetate 9 9 m T c IMallinckrodt)

Ammonium pertechnetate 9 9 T c (New England Nuclear)

Ketone I Merck)

Equipment

A precise water bath with continuous gentle agitation at a constant temperatura of 78°C

A chromatography apparatus for ascending paper cnromatography.

An electron microscope with magnificant to 28000 X (Zeiss).

A scintillation counter facility for measuring radioactivity levels in albumin * * m T c and

derivatives 9 9 m T c samples.

A whole-body photoscanning equipment.

A Spectrophotometer (Perkin-Elmer).

Each kit is prepared in a special room of 4 m3 provided of an anti-camera of 1 5 m*.

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

The working room has a glove-box provided with an UV lamp and a nilrogtn entrant*.

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

Preparation of the HSA kit and rb labelling with nchnetium-Mm

Stannous chloride is used as reducing agent of pertechnetatt anion in presence of HSA.

Firstly stannous chloride is dissolved in 0.1 normal hydrochloric acid in nitrogen atmosphere.

A convenient part of this solution i i poured into lhe HSA solution.

The solution is frozen to -40°C and lyophilized in nitrogen atmosphere.

To analyse the labelling process of HSA and its derivatives an adequate quantity of sodium
pertechf-Jtate 9 9 m T c is added into the lyophilized sample.

Paper chromatography with ketone and saline as the solvent was mad to distinguish and
animate the percentages of reduced teehnetium, pertechnetate anlon and labelled human serum albumin.

Preparation of MAA M and to labelling with t»cttnetlum-Wm

The MAA agregatet ware prepared according to the Taplin method11" and the reducing agent
dissolved in 0.1 normal hydrochloric acid was added.



The samples were immediately frozen at 40 C and lyophilized in niirnjen atmosphere.

The radiochenuca! quality 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 perfoimad in rat».
using 0.25 mq MAA'IOOg body weight (up to 0.08 mC) to determine pulmonary deposition. The
security test, following international nor.-ns161. was performed using mice (20 g) or rats (350 g).

Up to 0.05 ml of the material was injected to the first ones and up to 5.0 ml to tht latttrt
(cone 7.5 mg MAA/ml).

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

The particle si/e distribution control was performed by optical or electron miaoscopy.

Preparation of the MiAA kit and its labelling with technetiurn-99m

The MiAA was prepared by the dilution of 25% HSA to I per cent with physiological salina.

The pH was adjuster) to 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 $ then cooled to
room temperature and the pH lowered to 7.5 by adding 0.2 N HCI.

After the colloid preparation, siannous chloride in 0.1 N HCI was added in nitrogen
atmosphere.

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

Sterile and pyroqen free reagents, equipments and techniques were used in each preparation.

3 - R E S U L T S

In order to obtain the best conditions for the preparation of the kit and its labelling wrth
technetium-99m, assays like variation in pH of labelling, protein mass, time of reaction and
lyophih/ation conditions were carried out. Stability of the lyophilized products during storage was
examined and quality control of the labelled products was performed.

a) H S A 9 9 m T c Kit

- Influence of variation in pH:

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

The results indicated that the best labelling pH wat 66 , with a labelling yield of 85-96%.
(Figure 1).

Figure 1 shows a great deal of the reduced technetium below pH 6 0 with a maximum in pN
5 0-5.5 which is in coincidence with the isoeletrie point of the pro'eiti
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For pH higher than 6.5 the quantity ol free pettechnetate increases, reaching 8C per cent in
pH8.

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 volatile T c j O 7 ' 3 ' - 5 " .

— Influence of reaction time:

Figure 2 shows that the reaction must be skit», 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
present conditions (60 mg of HSA 0.24 mg of stannous chloride 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 labelling.

Even after 24 hours the labeling yield reaches 83%.

After this time the impurities are represented by reduced technetium (11%) and ptrttchnetaie
(about 6%).

- Influence of the albumin mass:

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

The relation between reagent/reducing agent was alwavs 260:1.

- Absorption spectroscopy:

The technetium is reduced by stannous chloride whenever it is added tolyophiliztd samples.

Absorption spectrum of the kit in water solution before its reaction, in presença of ammonium
pertechnetate " T c and sodium pertechnetate 9 9 m Tc . pure albumin served in water and pur*
ammonium pertechnetate " T c are presented. The spectrum of pure ilbumin/stannous chloride are
different (Figure 4).

- Stability of the lyophilized product during storage:

Stability until 45 days aftüi preparation was examined.

The labelling yield was 90 95%, thus the same as that of the frmh ones.

- Sfandartizalion of the time of lyophiliration:

Four hours is sufficient to obtain * lyophilned product of good quality, which dissolves easily
by the addition of indium pertechnetate in saline

b) MAA M m T c Kit
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Influence of the MAA masi:

Experiments carried out with the lyopliilized material (MAA/stannous chloride 250:1) indicate
that whitin the range 30 60 mg of MAA the labelling yield is high.

Ascending paper chromatography (Whatman N? I) using ketone as solvent was used to study
the InbelliiHj yi«>ki (Fig-ire5).

- Influence of the time of reaction:

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

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

- Biological control:

Biological distribution control, in a significant number of lyophilized flasks, indicates that at
le.iit 90 95 per cent of the injected dose is depositeo in the lungs after the first 15 minutes post
inaction.

Laboratory rats with 300 g body weight and a dose of 20 JUCI were rsed in the experiments.

- Stability control during storage:

Repaated tests for free 9 9 m T c in water suspension agqreqates and observation through an optical
(DM) and electronic microscope (EM) show the following results:

Tab I* I

Storage period Labelling yield Observations

1 day

4 days

1 month

2 months

6 months

7 months

100

100

100

B0

60

41

Good (^solution
Particles 80-115 M O M )
(Photo 1)

Idem

Good dissolution.
Particles 25 -110 M O M and EM)

(Photo 2)

Bad diiwlution.
Pirtielei 20 -0 ,6 M E Ml

Bad dissolution.
Moil of th* partidos
0.4-0.7 p ind tgglomtrttM (EM)
(Phuto 3)

Bad dissolution.
Decomposition of aggregate».
Panicles 0 .3-0 .61
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c) M i A A 9 9 m T c 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 MiAA is reached by adding sodium pertechnetate to the lyophilized kit and is
completed in a few seconds.

Results from paper ascending chromatography using kttone or saline as solvent indicate the
absence of free pertechnetate and atoumin, giving 100 per cent labelled colloid.

- Biological control:

The biological distribution contrai was performed with a significant number of flasks, using
laboratory rats, 300 g body weight (0 036 rng Mi A A'Kg, 0.025 pCi).

The flasks are sent to the users whenever 85-90 per cent of tha aggregate deposites on the liver
after 6 min following the intravenous injection.

- Stability under storage:

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

Table II

Storage period

up to 1 month

2 months

3 months

0 months

Labelling yield

%

100

70

N

60

Observations

Good dissolution.
Particles 0 . 8 - 2 . 0 M ( E M ) ,
definite form.
(Photo 4)

Good Dissolution.
Ptrtlclet 0 . 6 - 1 . 0 M E M )

Good dissolution.
Particle» 0.1-0.4 n (EM)

Bid dissolution.
Particles 0 .1 -O .4MEM) ,
without definite form.
(Photo 5)
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d) Clinical Assays

HSA "' I c kit was used for placcntography and for cardiac blood pool studies. Ten patients
were studied by placentography. The scans (frontal and lateral views) were initiated 10 min. later »nd
performed with a y camera with whole body scanning system. Placenta could be precisely located in all
cases I Figure 8). Three patients were studied by cardiac blood pool. The dose used was lOmCi and was
injected by Oldendorf's Technique.

Seqüencial images (3/3sl showed the passage of the raaiopharmaceutical through the heart »nt*
lungs. (Figure 9).

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

MAA """'Tc was used for lung scintigraphy.

Five patients were studied.

The dose used was 4 mCi for adults and the scanning was performed with a 7 camera.

The distribution of the radioactivity through normal tissues was homogeneous and the quality
..I ihe images was good (Figure 11).

4 - DISCUSSIONS

Stannous chloride has proved to be effective as a reducing agent for pertechnetil» anion 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 MiAA.
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 as described In "Farmacopéi»
Brasileira"'71. The labelled product obtained mult obey the international security laws .

Considering the HSA 9 9 r n T c kit, it is necessary that the pH of the 'yophirizerj product b»
within C.0-6.5, in order to achieve a high labelling yield. At lower pH colloidal albumin is formed and it
reaches the liver and spleen after administration. Hence, the scans of placenta and cardiac blood pool
will be poor.

Above pH 6.5 the percentage of free techneiium it higher and the product concentrates In the
thyroid following intravenous injection.

To maintain the pH during the labelling process, the volume of sodium pertachnetate solution
used mutt be less than two millihtprj

The absorption spectrum of pure albumin reaches a maximum at 300 rim while
afbiimin/itantio'.is chloride presents three maximum (310-340-360 nm). Ther» seems to be a bond
between sujnnous cation and albumin. The HSA/ltannouschloride labelled with techneiium 99m presents
two maximum at 310 and 360 nm. This indicatss that the reaction must occur beiwean the siannoui

albumin arid fechnetium.
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Figur«9 - Stqu«ntltl ImigM Through th* H M I I «nd Lung»
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ftçurt 10 - Pulmonary Selnttgraphy. - t. Anttrior - b. Pofltrlor
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Photo 1 - Electron Micrograph of MAA-MmTeOn»0iy Afttr trw Preparation (1800)0
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Photo 2 - Electron Microgrtph of MAA- M m Tc 1 month Afttr tht Prtptrttion (1800 x)
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Photo 3 - Electron Wierogriph of MAA- M m Tc 6 momN Aftar trM toptritlon I2B000 x'
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Photo 4 - EI«rironMlcrojriphof MiAA-MmTe, 1 month Ah«f th» Pr«p»r«ton (26000 x)
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?hoto6 - F.toctron Mleroyaph of MIAA- M m Tc. « montbf Afur th« Prtpvitlon (28000 n)
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The analysis of the spectrum of labelled atoumin shows that the typical peaks of the
pertechnetate anion (240-290 run) 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 percentage is reached.

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

For derivatives, MAA and MiAA, the time required tor the ruction ii extremely short, of loout

minutes.

It teems that the thermic treatment during the aggregation destroys the f of complexation
between the albumin and tin.

5 - CONCLUSIONS

The lyophilized kits reached a high labelling yield technetium 99m.

The HSA 9 9 m T c kit has . stability under storage over 45 days.

MAA 9 9 m T ; kit and MiAA 9 9 m T c kits must be used within a month after their preparation.

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 radiochemical
labelling (nitrogen atmosphere) and all the cares necessary for injected products are employed.

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

{fWOTjtoMha-iVVfimr oi rmultidot a»p«rlm»r>t«l« da prapwiçfo e «menaces do «oro atoumln* human» e
da will daftefdoi macro (MAA) • mnii IMiAA) nfltuqurioi Oi eompov'o» HotllKtdot afc nurcadoi com ncnéclo Mm.

Aniimnva oi oomponoi rrwrcadot pavii t#cntc»i de crometoanfla tm pap* t «ptctroMopl» da «bforcfo.

Eaamlnam-a oi didoi obtkfc» n« mfcroacopi* Aptka * «Iclrenk» de MAA • MIAA, • dlitrbul«ÉY> biologic» •
oi tnmkn (M foiidadr

Moiiram-M of mapM obtktoa na plac«nioor«fl(, • efniilognfle dot pulmit» • (fgado e oi fifudei d» 'l»ool"
card fico wngufrKo.
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