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Abstract

Chromatography is a technique for separating mestunto the components that they are made frormdardo analyze, identify,
quantify, or purify the mixture or components. Thisidy was performed in Nuclear medicine DepartmeNational Cancer
Institute (NCI) University of Gazeria in period bfarch to May 2011. Quality control testing of tHeae from the generator was
tested for the presence of molybdenum breakthroagth,radiochemical purity. These impurities waslgde detected by simple
methods. The determination of Aluminum which is @ madioactive agent in the eluate needs indicasmer which could be
obtained commercially. The results of chromatogyapire 98.48% and 98.45%, 98.44%, 98.42%, 98.408698¥0%. Finally
the quality control of radiopharmaceuticals, ifgivattention in the department, will result in ioying the diagnostic information,

reducing the radiation doses to patients and staff,reducing costs through effective use of rdthomaceuticals.
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INTRODUCTION

Technetium, the 43rd element in the periodic tab&ongs to

the group of transient metals. Owing to iedectron configuration
of 4D5 5S2, technetium provides several opportesitifor

complex formation with a large number of differéigeinds, and
its oxidation state (OS) can change from +1 upt7o The OS is
considered to be a main parameter determitiiagchemical
nature of the complexes. Technetium can form datembonds
consisting of both sigma and pi electronsd atme sigma
bonds can be of colligative and coordinatiyees when spin
compensation and electron pair donation occurspeetively.

The structure of technetium complexes can atésoharacterized
by the coordination number (N), which can vary frdmto 7,

allowing tetrahedral (N = 4), tetragonal pyramidédN = 5),

octahedral (N = 6), capped octahedral (N =r7pentagonal
bipyramidal (N = 7) geometry. The third parametefior

characterization of technetium complexes is tleetéc charge
(2) of the whole molecule, which may provide ancenc¢ (Z = —

1), neutral (Z = 0) or cationic (Z = +1) charactArsummary of
the different kinds of complexing centre and theapzeters OS, N
and Z. The high variability of the complexing cesteesults in
different stabilities for the various complexesrtBehnetate (N =
4, OS = +7, Z = -1) is the most stable form of tetium in

aqueous media. The presence of free pertechnet#te isolution
of a technetium compound is possible, espgciter long

periods of post-labeling storage. At lower oxidat&iates, the Tc-
S, Tc-P (Ill) and Tc-C (1) chemical bonds are qustable in the
appropriate geometry. At the same time, phosphsenatewhich

Six oxygen atoms are bound to technetium, are aof lower

stability and are liable to form oligomersatlis, polynuclear
complexes. The hexacoordinated
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N204 and N303 complexes such as DTPA, EDTA or HIDA
derivatives are also of a relatively low stabiligznd partially
transform to heptacoordinated pentagonal bipyrahig@metry,
which might be an alternative structure provided these
complexing centers and an additional oxo-oxygen. sérting
materials, including active pharmaceutical ingratie (active
substances), recipients and primary packaging mtensed for
kit production; need to be approved before use.e@Gdly, the
starting materials such as buffer salts and reduagents are used
in many types of kit and are to be analyzed whemew bottle is
opened. The specifications for such substancesdeseribed in
various pharmacopoeids.However, it should be borne in mind
that 99mTc radiopharmaceuticals are a special dfpsoducts in
which 'no carrier added' grade 99mTc is used tmfarcomplex
with ligands, most often in the presence of a redpagent such as
Sn+2 salts. The presence of even small quantitiesompeting
metal ions or oxidants could cause problems irfdh@ation of the
desired radiopharmaceutical. Thus it is difficulb fprovide
complete specifications for all the starting matksriwith respect to
the components that should not be present. Oftenuse of high
quality materials from reputed manufacturers isgadée to ensure
good quality products. QA for the material that nfisr the
radiopharmaceutical (along with the ligand and othmaterials,
which are pretested) is advisaBleA QC certificate from the
manufacturer should be procured. Although the ca@anpée
certificate from the manufacturer may appear to doequate,
compliance with the rules laid out by the local uledory
authorities is desirable. Throughout the world, ld@s governing
the manufacture and sale of medical and pharmaegytioducts
are modified from time to time, becoming progreskivmore
stringent and specific. In most countries, whenewa mproduct is
manufactured for use in humans, all the startingenas are to be
tested for their quality. This can be done by hgvihe starting
materials analyzed at an approved laboratory;redtarely, the QC
analysis can be done in the manufacturer's ownrédatwy. The
quality of all the materials should comply with thgecifications in
the pharmacopoeias or recommended by the regulbtaty of the
country The  preparation of radiopharmaceuticals in a
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hospital radiopharmacy is considered a manufagyshocess.
This is especially true for technetium-99m
radiopharmaceuticals because when a label- ling ikit
reconstituted with eluate from a technetium-99 megator, a
new chemical entity is being formed. Thereforas ikogic that
such activity should be a subject of EU directieesat least
guidelines. However, in the nuclear medicine latwies
(radiopharmacies) in Europe, quality assuranceesafiom
almost non-existent to good manufacturing practesesl. In
order to set uniform standards, the Radiopharmamyr@ittee
of the EANM took the initiative to provide the neer
medicine community in Europe with guidelines whisbuld
ensure a necessary and sufficient level of safedyedficacy in
the  production, reconstitution and  handling
radiopharmaceuticals in nuclear medicine. Preparatif all
radiopharmaceuticals requires adherence to reguokation

radioactivity of the**mTc daughter. Curve Z is the radioactivity

labeledof*®mTc 1resent if%/°mTc generator, i.e. it demonstrates how

the radioactivity of**Tc grows to a maximum value and then
gradually decays away. Before this maximum vallleyTc is
growing into the system faster than it is decayimbich leads to a
progressive build-up of the level 8imTc. After the maximum
value, the”®’mTc growth rate equals its decay rate. However from
this point on, the growth rate 3imTc gets progressively smaller
as the parent®™o decays away but the system is self -
compensating by reducing the rate of decay’mflc. The overall
net effect is the establishment of transient elguilim in which the
ratio of ®Mo radioactivity **mTc radioactivity remains at a

of constant value.

The daughter radionuclide can he separated from the
parent by chemical means. In the case of to/*mTc

radiation protectiof! In the case of radiopharmaceuticals forgenerator,”®mTc is separated fromi°Mo by passing saline

parenteral use (a large majority), also rules ofkimg under

through the column. Th&mTc is eluted off the generator

aseptic conditions must be followed. The handlin§ o .olumn as sodium pertechnetate (N&®hTc O4). The®®Mo

radioactive materials is potentially hazardous. Tadiation
protection rules, including storage, handling aradte disposal
of radioactive materials, are commonly known andegally
applied. On the other hand, the pharmaceuticalirenpents as

remains immobilized on the column. Alternative satian
techniques include solvent extraction and subliometi”

The columns contain a small alumina bed allowing

described in the principles and guidelines on Googlution of mTc Q- in small volumes (high specific activities).

Manufacturing Practice (are not yet very well knowor
generally applied. Therefore, a Quality Assurangstesn
established in the hospital radiopharmacy shoublkrcehese
two aspects of radiopharmaceutical preparation. tiGoous
assessment of the effectiveness of the Quality rasse
system is essential in order to prove that thegaores applied
in the radiopharmacy lead to the expected restilt® most
important of these procedures are briefly descrimdw!®

“MTC-MO GENERATOR

®mTc species (10 not elute from the column. This

problem has been addressed by purging the salgeswar with
02 Previous attempts to add oxidizing agents todblemn to
decrease reduction of°mTc species resulted in°mTC
radiopharmaceuticals formulation problems. The dglumn
generator sslei was developed to alleviate podioalyields of
“mTcO4 by removing saline alter elution. This desesathe
amount of radiolysis products formed. The dry calugenerator
employs a 5-20 ml saline charge, which is appl®@u exterior
part of the generator. An evacuated vial drawssalrough the
generator to removEmTcO4, followed by air | o dry the column |
caving the air on the column promotes oxidatioran§y reduced
Tc99m species back to +7 valence staté€’@iTcO4 which can
then be eluted. There are two types of parent -ghlan
relationships. Firstly, transient equilibrium is evb the parent's
half-life is a factor 10— 100 times greater tharatttof the
daughter (e.g.: M8ImTc generator, where the parefimMo, has
a half-Life of 67 hours, compared to 6 hours foe dhaughter,
®mTc). The second equilibrium stale is known as kecthis is
where the half—life of the parent is many timesagee (100
times) that of the daughter's half-life, e (Supm@t Plantaro
dorsal external oblique (Pronation).

g1 3 - 9% (29.1 yrs) - 2.67 days).

The elution profile indicates the volume of elutehigh
removes all th@mTc activity out of the column. The bulk of
“mTc activity is eluted in the first half of the &hn volume.

The first 1 mL contains no activity (dead spacehaf
tubing). An elution volume of 6 mL will remove agxmately
90% of available’®mTc, so the larger volumes serve only to
dilute the bulk of activity already eluted. Thugispecific
activity solutions can be obtained by collectindyoover the
peak of the elution profile (2-6mL).

The process of elution can be repeated as many lare
is thought necessary; however, the percent yieldvwary. After
the daughter has been eluted, the daughter acteitaining on
the column is low but begins to increase (regeegrantil it
eventually approximates the activity of the paragain. If the
column has completely regenerated, the usual yié&d
approximately 70% of the parent activity. In theseaof
®Mo/®mTC generator, regeneration requires 24 hours. Any
elutions that are performed before that time wébult in lower
yields per elution; however a large net yield canrbalized if
several premature elutions are performed over anipg of time.
This is caused by the exponential buildup of thegtiéer product
after elution but concentration is reducéd.

The plot of**Mo/**mTc decay shown as a dotted line didTc
shown as a solid line. The generator is elutedaysd, 3 and 5,
changing in no way the course of decay®lo. Following each
elution, it requires approximately four physical IfHwes
[25hours] to return to equilibrium. Regeneratiorais exponential
function with approximately 50% regeneration duritige first
half-life, 25% during the second half-life and So"'d

Correct handling of radiopharmaceuticals ensuresdgaseptic
techniques. All procedures in the hot laboratory designed to
optimize patient care and minimize radiation expesto all

The three curves of Fig.4, are demonstrating whaPersonnel in the department. The patient must vecttie correct

happens with the growth and decay of a daughteomadlide
in a transient equilibrium situation Curve X indies the
radioactivity of the parent radionuclide at subssgulime
intervals, showing its radioactive, decay. Curvimtlicates the

radiopharm-aceiitical at the correct dose with higiochemical
purity. This requires that accurate and sterileedoare prepared
for patient administration by well trained and dfiedl personnel.
Aseptic techniques and sterile and pyrogen - fngeedients are
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used at all times to minimize bacterial and pyroger?-Time Required

contamination. Appropriate records must he maiegio . Preparatory time — 10 minutes
document the receipt, patient use, and ultimatpadi§ion of ) .
all radioactive materials. To minimize the chanéemors, be - Experiment time — 25

sure the work area is clear. Work with only oneminutes Material List .Material
radiopharmaceutical agent at a time. In additidmeck the ired
dose calibrator setting when assaying the patidnts. Required 1)Tc-99m DTPA

Urbano et al. (2005) mentioned in their study ofleation of ~2)Two ITLC-SG paper (1cm x 8 cm)

fresh and old eluate fMo-*mTc generators used for labeling of 3)Two Small 10mL or 20 mL vials with cover
different pharmaceutical kit that that these “riskjutions might .

be appropriately used, in “emergency” conditions; labeling 4)Normal saline

radiopharmaceuticals although their radiochemicaity control  5)acetone

is recommended prior to patient administration. tySiXMo- .

99mTc wet column generators, loaded with two déffer’°Mo 6)pencil

activities, were analyzed in order to assess thaitguof their  7)Scissor

elutes. Each elution was used for labeling of o#ife
radiopharmaceuticals, in order to evaluate whethésky”
elutions, namely those performed just after geperdelivery and 9)ImL with 27 G needle or TB syringe
at 72 hours or more from the last elution, couldcbaveniently
employed when fresh available radioactivity is anbugh for the
planned labeling or when shipping problems arigedelay in  11)Gamma counters (if not available, can be repldge
delivery of a new generator occurs. Radiochemicality control  thyroid probe or gamma camera) (Figure 2).

of all radiopharmaceuticals labeled with these iehst was
performed. The elutions differed mainly ffTc ground state
(*gTc) and amounts of oxidizing impurities. Radioldihg
procedures, however, were not affected, suggedtiag) these
“risky” elutions might be appropriatelyusednfemergen
cy"conditions,forlabelin gdiopharmaceuticals
although their radiochemical purity control is rewaended prior
to patient administration.

MATERIALS AND METHODS

In paper chromatography the stationary phase is the
filter paper and the mobile phase is the solvehe filter paper
holds the components until the solvent dissolvesmthand
carries them up the filter paper. The solvent tiup the filter
paper by capillary action. The solvent's attractionitself
pulling it up is greater than the force of grayiylling it down.
The separation of components depends on their iibfulith
the solvent and their affinity to the solvent aitebf paper. The
solvent can only move the components if they atebd® in it
and the more soluble a component is the more thereailable
to move up the filter paper. Solutes will dissolsg solvents
that have similar properties. Polar solvents dissopolar
solutes and non-polar solvents dissolve non-paltes. (Like
dissolves like.) A component will travel up thedil paper at a
rate that is determined by its affinity to the diltpaper and
solvent. Since each component has its own solyhilith the
solvent and its own affinity to the solvent andeiilpaper, they
can be separated in multiple ways by using mixtuoés
different solvents and different filter papers.

For nuclear medicine, each generator was beingdest

8)Counting tubes

10)Forceps (Figure 1)

Figure 1.QC Test Tools

for radiochemical purity testing, chemical puritywda pH Figure 2. Shows Gamma Counter
determination, where the acceptable level of tiséstavill be . )
determined. Radiopharmaceutical
A.Paper Chromatography: Experiment - Tc-99m DTPA
1.Purpose - Activity: 203 mCi in 6 ml (elution)
To introduce students to the terminology and Time of Mixture: 8:17 am
principles of chromatography and demonstrate séparaf . Generator type: Dry Mo99-Tc99 Generator

the dyes in Sharpie Pens with paper chromatography. Dose: 1.2 mCi at 8:30 am
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Steps 5. He allowed the spot to dry in air for about 2 tmi.
1. Normal saline was added to one of the vials (touabg:'gj)

0.5 cm from the bottom) and acetone to another ®oemake

sure that researcher must put the cover on (Fig. 3) -

T i

Figure 3. Addition normal saline and acetone

1. Researcher added normal saline to one of the (ials Figure 7. Shows ITLC paper
about 0.8 cm from the bottom) and acetone to anathe. To 6
make sure, he put the cover on (Fig. 4). :

He placed one of the ITLC paper into the normal
saline vial and the other into the acetone vial.rhkde sure
that the radiopharmaceutical spots were abovediverst level
and then closed the cap.

7. He allowed the solvent to migrate up the ITLC-paper
When the solvent had reached the 'solvent frong' lihe
removed the ITLC-paper using the forceps.

8. He allowed the ITLC paper to dry in air for aboui?2
3 min (Fig.8)

3 . ik g e
Figure 4. Shows the researcher adding Normal
saline in one vial and acetone in other one

3. Researcher drew no more than 0.1 mL of the Tc-99m
DTPA using 1mL syringe or the TB syringe (Fig.5).

Figure 5. Shows Tc-99m DTPA syringe

4, Researcher applied a small drop at the origin ¢fi bo
ITLC-SG paper (Fig. 6)

Figure 8. The ITLC paper to dry in air for about 2 to 3 min

i l | { ' 9. He cut the ITLC paper along the middle line. Hecpth
/ ) LI | - each section into separate counting tubes
& e S 10. He placed the counting tube into the gamma coyfigr
2)

Figure 6. Shows 0.1 mL of Tc-99m DTPA 11. He drew a region of interest around the radioacipets

and recorded the counts. Then he recorded backgmcgounts
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From the acetone strip: From the acetone strip:
% of free Tc-99m = % of free Tc-99m =
Radioactivity of the upper half x 100% Radioactivity of the upper half x 100%

Radioactivity of the upper half + radioactivity thie lower half  Radioactivity of the upper half + radioactivity thfe lower

From the normal saline strip half 7884
% of RH-Tc-99m = = e =0.97526%
Radioactivity of the lower half x 100% 8084

From the normal saline strip:
Radioactivity of the upper half + radioactivity thfe lower half % of RH-Tc-99m =

% of the radiopharmaceutical = 100% - % of free Radioactivity of the lower half x 100%

Tc-99m - % of RH-Tc-99m
RESULTS Radioactivity of the upper half + radioactivity thfe lower

QC measures are necessary to ensure that a product half 36273
complies with all the requirements and specificaitaid out for it. - ~0.95639%
The QC unit should have well documented proceddioesQC, ’
which is to be undertaken for each starting maltevised for 37927
production as well as for finished products. Isigggested that the
manufacturers refer to national pharmacopoeiasU®®e, the EP or
any other international pharmacopoeia when desigajppropriate Radiochemical = 100% - % of free Tc-99m - % of RH-T-99m

QC specifications and methods. The main objectivihis study is =100% -0.975% -0.956% =98.06 %
to establish guidelines of procedures of radiockahpurity tests of ’ ' ’
received Technetium-99m generator. CONCLUSION
The main objectives of this study are firstly; giablish This is an experimental study deals with evaluatién

quality assurance program for received Tc-99m geoer quality control program of received Technetium-9¢fivio-**"Tc)
secondly to highlight the importance of the Qual®pntrol Generators. The importance of this study is to liggh the
(QC)methods in ensuring that a product compliehvaill the importance of the quality assurance program in earchmedicine
requirements and specifications laid out for it.ird@lly; to department. In addition to its role to increasegdasis accuracy
encourage good radiopharmacy practices for theapagipn and and reduce the dose to both patient that is un@bleeach by
quality assurance. Finally; to establish a qualitgnagementwithout quality control special in Technetium-99ni®Mo-
system this encourages continuous update of caretencies *’mTc)Generators. Chromatography is a technique épasating
in hot laboratory staff. mixtures into the components that they are made firo order to

For nuclear medicine, each 99mTc generator Wasgb@iﬁalyz_e' id_entify, quantify, or purify _the mixtuoe cpmpqnents._A
tested for radiochemical purity testing, chemicafity and pH scientist will use Chrqmatog_raphy; firstly to exammia mixture, its
determination. The results of chromatography we@& and COmPonents, and their relations to one anotheryzeg Secondly
98.45%, 98.44%, 98.42%, 98.40% and 98.40%. Fintily determine the_ldenfuty ofa_m|xture or componenatsdn_i on known
quality control of radiopharmaceuticals, if givetteation in the COMPonents (identify). Thirdly to separate compasen order to
department, will result in improving the diagnositiformation, iSolate one of interest for further study (purifyfrinally to
reducing the radiation doses to patients and s, reducing _determlne the amour_lt of the mixture and/or the aomepts present
costs through effective use of radiopharmaceuticals in the sample (quantify). Different types of

chromatography are wused: liquid chromatography, gas
PAPER CHROMATOGRAPHY chromatography, paper chromatography, and thirrlaye
RESULTS AND CALCULATION chromatography. While each type of chromatograpgesudifferent
methods to separate compounds, they all shareathe principles.
EXPERIMENT NO.1 Chromatography utilizes the differential affinitieof the
RADIOPHARMACEUTICAL: components for a gas or liquid mobile medium (n®olphase) and
for a stationary adsorbing medium (stationary phas®ugh which

Tc-99m DTPA they pass. The stationary phase holds the mixtntié the mobile
Activity: 203 mCi in 6 ml (elution) phase passes through, solubilizes the componerdsnaves them
Time of Mixture: 8:17 am on 8/6/2011 along at their individual rates. Once componen¢ssaparated from

one another, they can be analyzed.
Generator type: Dry M099-Tc99 Generator
Dose: 1.2 mCi at 8:30 am
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