ooy 11 o 1 ol

Radiopharmaceuticals

~ 2 - @
da il | 4,3\94'2”

[sra Dmour, PhD

3 kel bt 91 9 biudd 1 G &
Ol il g bl y9u 9 OV gl g
ekl oo Yuubieidiund |

el ! ok 5 e} G0 19 yuli}

g buwend § buwei o 5k “ ' - « <<
( o § bt ek o 3t § okt § Ju? 1) Jills 2SIy 32 o9 S



Definition
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Radiopharmaceuticals |are the radioactive substances or
= ze 0 - ° \"‘P’-’-"%”":A ° QALL °
radioactive drugs used for diagnostic or therapeutic
interventions. Aot S S Feli i) %

o s or
Radiopharmaceuticals | are  medicinal formulations
) ° ° o&_q.“u; o . . . .
containing radioisotopes which are safe for administration
. . : Sk A\ Se3 =St
in humans for diagnosis or for therapy. BAN T 055 % &
EDD\oomze SN Gp LD 3

Other terms such as radiotracer, radiodiagnostic agent, and
: b’b \
tracer have been used by various groups. <=3\ hes

 Part of nuclear pharmacy (radiopharmacy)

* APPLICATIONS
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Composition

- -

‘\a radioactive isotope\that can be 1njected
safely into the body, and (N o

=y a carrier molecule jwhich delivers the isotope
to the area to be treated or exdiiiined
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* Choice of radiopharmaceutical 1s_do e on the

basis of its preftial localization in a given

organ or 1ts partiCipation in the physiologic

function of the organ. Rl 53 il 33 553 3%
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Definition of a Radiopharmaceutical

A radiopharmaceutical is a radioactive — <5~

. . TSty [estmu) J
compounq used for the diagnosis .and %m\\ —
therapeutic treatment of human diseases.
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In nuclear medicine nearly 95% of thex’
radiopharmaceuticals are used for diagnosticy e

. W \ea” medici
purposes, while the rest are used for@owmuf;}s e
therapeutic treatment. (5o ) gl A5/
) e Hearment A'\ agn oSHC.
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Radiopharmaceuticals usually have minimal (==

R S :
pharmacologic effect, because 1n most cases™
they are used 1n tracer quantities.
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Definition of a Radiopharmaceutical

 Aradiopharmaceutical has two components:
a radionuclide and a pharmaceutical. <279

?\\arnmwi ca Yod hucl &
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The usefulness of a radiopharmaceutical 1s
dictated by the characteristics of these two
components. ;ﬁ;\v R elAeness

* In designing a radiopharmaceutical, a
pharmaceutical 1s first chosen on the basis of
its preferential localization 1n a given organ or

1te nartictnatinn 1m the nhveinlaoie fitnetinn nf
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Definition of a Radiopharmaceutical

. . L. oSy
Then a suitable radionuclide 1s tagged on%
chosen pharmaceutical such that after _, .. . -,
558, . . i Geca o
administration of the radiopharmaceuticali s sobss
.. Cigsod) . A & 2
retgggon_s equgled from it are detected by.a.y s zx.,
radiation detector. .., couna. Bk Ay &
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Important: S e e
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@Radiations from the radionuclide of choice&.\::‘:‘:f:f
should be |easily detected \by nuclear
° Of'vg\ ° °
instruments, and the \Fadlatlon\dose to the

patient should be/minimal. \ )
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- Principle | - !
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. Unstagle5 or L—l;gldloactlve Ji&t\gges have a property to

S\ S .
decompose or d>eacay by emission’of nuclear particles and
some of them are usedmindiagnosticiror therapeutic
interventions. AP AR 255 < TN Al
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+ The three main types of radiation decay arcparticles;

B particles, Y photons. @x\&d&}_é» \os(y

Production of Radionuclides
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s Ideal radiopharmaceutical
Easy availability .-
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Short effective Halfu I;lfe — Vﬁ‘&; G
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Radlopfarmaceutlcals examples;

= » b=

e Radioactive element - 133 Xe
* Labeled compounds - 1311 iodinated proteins



Radiopharmaceutical-

Short EiEfﬁeet—me-Half-Llfe

. A radionuclide decays with a definite half-life,
which 1s called the physical half-life, dcrul’ated

Tp (or tl1/2).

*  The physical half-life 1s inde;eh%ent of any
physicochemical-.condition and 1s characteristic
for a given radionuclide
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Radlopharmacelgcals ad\mmlstered o, humans disappear from the biological system
through fecal or ‘crrlﬁé‘ry ekcrétion, perS"'i?th}lon or other meéﬁéaﬁlsms

Radlophar aceutical-

' Radiopharmaceuticals admifistcred to humans disappear from

S/ the blOlOEff@% Hﬁllfarklpfe( excretion,

erspiration, or other me amsms
S © ¢ mbie BRSNS 2= X uj‘ii&@ S
- IS ) s
oW g b&olo iC 1sappearance of a radlopharmaceutlcal follows an

exp%ﬁenﬁa W similar to that of radionuclide decay.
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= Thus, every radlopﬁarmaceutlcal has a biologic half—hfe (Tb)

=

M F s

It 1s the time needed for half of the radiopharmaceutical to
disappear from the biologic system and therefore is related to a
= s W | o9 X%
4 chay constant, O 693/Thb DVNRSE Cps NSo 3\ M55\ she
@ CsObvmusly?"fn b1010 iC ?Atem\ﬂfe\’[?)ss of a

radlopharmaceutlcal 1S due to both the physical decay of the

radionuclide and the biologic elimination of the @N

_/L\_\ﬂ\\ \)\‘Q..QD
radiopharmaceutical. =X




Radiopharmaceutical- Effective Half-Life

\
The het or effective rate (le) of the loss of rad10act1v1ty

1s then related to the physical decay conStant Ip and the

biologic decay constant (1b). 16— c3Rerive vare
Mathematically, this 1s expressed as: \p —> ?\\ngcu deacy
Ae=Ap +Ab \ Consrant

Since A = 0.693/t1/2, it follows that b —s Viokaic de oy
1/Te=1/Tp + 1/Tb C,Zav\s’rcm\—

OR
Te =(TpXTh)/(Tp+Th) .
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Radiopharmaceutical- Effective Half-Life

Problem :

The physical half-life of 111In 1s 67 hr and the
biologic half-life of 111In-DTPA

s\ Wbyl ponpal
used for meastitement of the glomerular %mf{?atlon
rate 1s 1.5 hr.

What is the effective half-life of 111In-DTPA?
Answer

Using Eq. Te =(Tp X Tb)/(Tp+Tb)

Te=1.46h QM\:GM\ S
&F “—53\""3-\-? -\ FS’ \
sl lote &—r & -
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3- Particle EMission | v.. s
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RadioRticlides décaying by alpha- or beta-particle emission
should not be used as the label in diagfiostic R«ucides T %
radiopharmaceuti;g_ls:.wgﬁ o XBlame Ol e NaTT )

These par;ic;lgs cause more radiation daffage to the tissue than
do gamma rays. Although gamma-ray emission is preferable,

many befﬁﬁﬁﬁfmﬁ%&‘éﬁ‘, such as 13114odinated

o —

il £Ompounds, are often used fo?’ﬁrﬁlcarffﬁdieg. However, alpha

== amitter's should never be used for in vivoqﬂiﬁ’ﬁ\cfs‘ﬁ?\ﬁju\dies
because they give a high radiation dose to the patient. But alpha
and beta emitters are useftil for | ’cﬁ?ﬁapy, because of the effective

radiation damage to abnormal cells;, . <o ParriCles N sLp~aS
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. Because radionuclides emitting particles are less
desirable, the diagnostic radionuclides used should decay

by electron capture or 1someric transition without any

. “\ ) - ‘ s ‘ ‘ .
Intern (f 6?1\'\’}3}81011. Fs< yb Gis s ez ) wpd Yadion uchdes Mo Liue %

Layp
Y ad 10 nu.cids 3\&\7:5,('3‘&- ! 5—\——'\,'
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. Whatever the mode of decay, for diagnostic studies the ot o »
. . . .o . Arbs o=
radionuclide must emit a ? radiation with an energy =

preferably between 30 and 300 keV. Below 30 keV, Y
rays are absorbed by tissue
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Ideal Radiopharmaceutical

h > 300 keV

. - —— -, -7 —> Detector ___v,k-é'n\.S)\
\5\0_)0“ V:.:::».\\J & Na,(Tj)M\s\s__u&’”-“ &\-» * ' = > Collimator ﬁ._,\v).ﬂ

S T S0 LR R % (L]
oy N Ecim .. R 30-300 K2V B
c‘.'?\:@f\‘wﬁb (\{[—— 300®)§\%\P°3$E& Gl URN
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. P ot%r?ﬁntel%?ffon“fﬁ the Néﬁ(Tl) detector using
gc'f)\i’ﬁﬁ)lators. A 30-keV photon 1s absorbed by the
tissue. A> 300-keV photon may pemétrate through the
. L R XY
collimator septa and strike the detector, or may escape

the detector without any interaction.

. Photons of 30 to 300 keV may escape the organ of the
body, pass through the collimator holes, and interact
with the detector.

Liver
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High Target-to-Non target Activity Ratio:

For any dlagnostlc study, itis degﬁable that the
radiopharmaceutical be lo¢3iTzed preferentially in the
organ under study since the activity from nontarget
areas can obScure the structural details of the picture
of the target organ.

Therefore, the target-to-non target activity ratio
should be large.

An ideal radlopharmaceutlcal should have all the
above characteristics to prowde maximum efficacy in
the diagnosis of diseases and a minimum radiation
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* a particles have the largest mass. However, due-to
/! Nos

large charge, 1t does cause a great déal of cﬁmage to

the immediate area by breaking down DNA.

 f particles arc clectrons. P particles are not as

DHyass .
desfructive as o particles but can be used

c;\\l.‘g}S\\;_:s\P & Lo Slaus ) %
S\ e . - i
therapeutically. WIEEREED s clamodix

* » rays are electron magnetic vibrations comparable
with light but of shorter wavelength. Because of their

. 17
shorter waveleneth and hieh enerev. thev are very
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Radiopharmaceuticals are used to diagnose —> W )
the presence of disease or evaluate the SRorasr S0

: : - . RIS @iaT
progression of disease followingrasspecitic R
therapy intervention.

A N33

Hyperthyroidism caused
by thyroid adenoma

Radiopharmaceuticals can also be used to
evaluate drug induced toxicity and to a
lesserextent) have been used to treat A
diseased tissue with radiation. E; DA hosagas ¥ T

S Hyperfunctioning
thyroid (goiter)

B\ _ AssaSasalfel o e @5 )
Eample. S apen OIS _gilbin, b Mmoo ]
To“%alyse thyroid function, a tracex, A@SE: s mse Mo
of radioactive_1odine 1s administered orally;—— Q—‘\éﬁ\ *

the agent condentrates in the thyroid gland. &’“«Q";";‘“ eyl
FSoNCANG L WIS Sk



Swedewhaal | Therapeutic uses

*-Radioisotopes are used as internal or external

radiation sources to treat disorders such as

° ° B1Se & C:_\\)ia-\“ ASDu K
hyperthyroidism and cancer, tPSerepe =y

- “Lo J\.b)“\én\.)“\.\;c.\mulyo\.us@

— %J‘Gﬂb&b&&r_u&yp\d X

Internal  radiation ~source- radioisotope

administered orally or intravénously or imptanted
in the %asi‘?ét tissue or organ will produce

radiation that destroys diseased. cells %nd
. boas «——Lls\y Eme-\‘\*‘ =0 K

prevents new tissue growth!. Lo 2 e
s T tﬁ\‘iﬁg‘g

External radiation source-| Radiation may be¢

used for therapy 1n cancer patients.
Ol C¥lag al Al o oSt *
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» Skeletal system : Nuclear bone scans are particularly
. .)\;“%4\/ t\\:i\ :

valuable for detecting cancer metastases, which a pear

as areas of increased radionuclide phosphate uptake.

99m1c methylene diphosph%ate may be used in skeletal
C MG e A3 G e Ol pud JUIGUS Ll 5 e csasdIPChpstiueons s %

system. STy g 345 GhbarE i

—— S o) il ga3

°m€ystem : The introduction of radioactive

S) ,3-».\—- _) A . . Y - .

de possible both liver visuialization and
functional evailiation of reticulo-endothelial cell§iahas

il § Ao ASEN LS Uk 5 (e D 5B a) ) ¢—
The use of radiopharmaceutical_reactive dyes permits

isualization of the liver and biliary duct and assessment

of hepatocyte function. Example: lodine 131 (1311)

sodium rose bengal. , s, %“ M< 85213 et o ¢
)
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SRENAISYSIEN”: static and dynamic evaluation of the
3 s\ 5Bl cossdy %
kidneys. (3&5&@-9\& S («5.»3

* Nervous system : Nerve brain scﬁﬁs to evaluate changes
. . _}_?-\_s. Y E\}“\/ gl Sk
in the blood brain barrier and to dssess cereb?al blood

‘&DA\_‘)AA; S udiMesins (D= Ao\ Mabecd) Glp gas %
LW G5 w5
* Cardiovascular system : Nucfe:)r imaging studies of the

flow.

,)_;_..\>J

heart may be static (localizes the site of myocardial

[} m\%\.*sg‘ [ ] [ ]
infarction and analyses myocardial perfusion) and a
AN €5y | ot Shlys X
dynamic study evaluates cardiac functiors )& oo 2uli<!
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NUCLEAR PHARMACY |97+

e It’sa relatlvely newer branch of pharmacy that involve
__the prociirément, compﬁ"undmg, dlspensmg and quality
~&htrol of radioactive pharmaceuticals intended to be

v -

used for investigation or {featment of some diseases in

humans or animals. <SFe =50 < 0o GelaSam s %
Adoi ) oV =R yas e ST | g V’m c:,e\\,\
 Formulation of radio pharm ‘maceuticals 15 m Mﬁﬁ‘ag
\%iax 555 SnstiTh oY) Adayselig X
than normal pharmaceutlcals D35S ETRET AR

« Good Radiation Prictices (GRPs) and  Good
Man%f?ﬁ?turlng Practices (GMPs) should be strlctly
followed during manu%rmg and Zdesl%)ensmg
operations. LGRP ) o) dadi il Sl \aw

t\:\@ X
SRR S A
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Role of Radio pharmacist
« The .radio pharmacist’s main _ re%‘f)ﬁfi‘éibility/ is_ the
N & >3, LAy 5 /XS
proc)ﬁ?e?ﬁent, preéparation, quahtya\*c&aﬁfrol aﬁd’f_ supJply of
radio-pharmaceuticals. 2eiw 2257 <<l 2 1l PN A3l 2

g3 ¥

- Radio pharmacists also have a clffii¢al role to play. Vs 3D x
. ‘ providing advice on the Use of radiopharmaceuticals
and having 1nput to patient care in the nuclear medicine

il By sl Fyo S 11 35 iy gt 2 25
department. b s o)) 5 o e & L) @
* In addition they may provide education and training to
their owff‘%tﬁ@has well as other health care profeSsions.
There 1s a“ﬁ\c‘ope to get 1nvdk/“%d in the research and

development of new radio- pharmaceuticals including

.. . B 5y o0 sidp 5 <y o plsaW (33
clinical trials. S, s s BrsatTgmn St has Crome sl
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Procurement of radiopharmaceuticals

* Because of the short life of the radiopharmaceuticals the
nuclear pharmacist will order the drug directly from

manuficiirer usually through overnight delivery. Isotope
S50 S ua i) ye3\ s ¢

storage areas should be as per the rulesuas il ssiatiowud)
PN . AT\ Y\ ’ T e
eSO i s esiatlsassifony 5

* There should be a separate lab for the manipu!a_tion and

preparation of radio pharmaceutical dosage and another

Dy\aw o
for calib)f'“ation of doses. 51 AT HCIRENE TSI (REgS
t
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 Three types of containers.

Packaging of radio pharmaceutical
* The most effective way to reduce theTisk assbtiated with

transporting radioactive materials

1s to “follow the

™Y >N
appropriate packaging standards Sgpeciﬁed by ' DOT" and,

when required, NRC or DOE regulations; W 55U hux

@\

wslip
Industrial packaging

@ Type A packaging

2

Type B packaging
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* Industrial Packaglng
hazar d from radiatipn
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Sod)) sy e s
Storage of Radioactive Substances

» Radiopharmaceuticals should be kept in well-
_closed containers and stored in an area
g p e
assigned for the purpose.

CCANN A0\ . .
°‘/Cares§%1§uld be taken to comply with national
regu?)?a ions for protection against ionizing
radiation. ‘
Tpoos\g a5 e Voo alsa Cosbolo s Lo ¢ LSl el S gl Tl pasan 4,
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* Type A Packages:
Radioactive materials with
higher specific activity
levels are shipped in Type A
pacﬁges. Typically, Type A
packages are used to
transport
radiopharmaceuticals
(radioactive materials for
medical use) and certain
regul XSy Slified
industrial products.

» Type B Packages:. . , SEulaiapessiam)
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Labelling of Radioactive Substances

o) S
Every ra 10pharmaceutlcal Preparatlon must comply

with thé Tabe mg requlrements estiblished under Good

\ O \
Manufacturing PracticemsFet=# Qpmsd S oSS Gl 35 (53 w
DQQW\ LYY CRPCIVIR \3W\U\»_h)\MJ<__J

The label on the primary container should include:

A statémeént that the product is radioactive or the
é&\ \\io\»%

1ntemat10n:°f ﬁﬁbol for radioactivity = j;\;%fmg\ NS
The name of the radlopharmaceutlcal preparation
The %ﬁfg of admlnls%’atlon AL\ P % @\‘3}’*@\
The e%’f)’%%/ date and, where © necessary, time; ""ﬁj‘,‘\\‘;";;;‘:s

The bcbf’éil%i&ts number a851gned by the manufacturer%,m %
&F&\pswfs-\\\v‘aﬁ“

For solutions, the total Volume(éﬁ‘ ol WPl 2

29
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The label on the outer package sh Should mclude:

A statement that the product 1s radioactive or the
international symbol for radioactivity

The name of the radiopharmaceutical preparation;

Where appropriate, that the preparation 1s for diagnostic
or for therapeutic use;

e mh

T'he route of administration;

e mh

I'he expiry date and, where necessary, time;

e mh

I'he batch (lot) number assigned by the manufacturer;

For solutions, the total volume;
Any special storage requirements with respect to

temperature and light; s S\ MPRARENCR e
VLR CIRTE
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Precautions For Handling

Radioactive Substances
The radioactive substances used should €omply

. . . . AR \GL\"“c'ﬁog-{
with the following characteristics: “Srusegs ansiu,

« Radio toxicity must be as low as posmgl,g.&;b 3 g

* The amoung?slused must be kept to a minimuple..x

¢ \ns o >n o] & Tn el DU\ €5k
* When han 1n%radlo%€)gve materials, always
wearrthe appropl\‘”fﬁﬁ: prot\é)c\tive clothing (wear

Aifess atial) stoall 20 MO
a lab coat, gloves, shoe coversfi-s s, cee)Risionns

. s\ AN L Basdd |l S\
* To avoid 1n%§mzﬁ coﬁféﬁﬁﬁaﬂon, strict hygiene
1s essenfial when handling radioactive
material g »\zepsiic TSRl gailon didgieem X
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Dispensing of radiopharmaceuticals

The reconimended dose is based on the patient history,

weight of the patient, body surface area and other
factors &= \ﬁ“m"‘ e gy ppyal\ Sy el ¥

oo
. De%}\ﬁ)ps pohcles and proce’dﬁ"r" es to ensure that correct
drug with correct dosage and dosage form afg received by
the correct patlent at the correct time “via route of

adm 'lm]i' EEE Qﬁ‘”\“ Vdsaaug ¢ SWalls Clulul) poes %
Rup s \g i // @ RAR NSt

* Wash your | hands thoroughly when you leave the labj\’;\i*\ﬁ)ﬁ
J.»-’«Q\

* Never p1ﬁ tte by mouth. Use pipetting dev1ces instead. s
D Re \ﬁa:w é-—-\»i @\ s\
» Regularly check the radiation level of your working area

and all objects used, or at least at the end ot each working
Q415305 ) §5¢) e 5 é-—%qaw\c\,w’(l\ 100 SN e Mo Lo Aol DS stmmoe=a s & 3¢
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Quality Assurance

 Manufacturer of Radiopharmaceuticals should test he

Dbsialt Lz Ml opn e =T %
products for: Dbl \bl e Srigies
SRS

Mo x —

s s\t i ¢
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