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Synthesis, Preparation and Quality Control of ~ " Tc-ECD

Soontree Laohawilai, Jatupol Sangsuriyan, Nipawan Poramatikul, Chuchat Thongyoi,

Taweesak Thantawiwatananon and Tippanan Ngamprayad

Isotope Production Division (OAEP) , Chatuchak, Bangkok 10900 Tel.5795230, Fax.5613013

ABSTRACT

L,L-ethyl cysteinate dimer or ECD is one of the diamine dithiol (DADT) derivatives of which
Tc-99m complex shows good potential as a brain perfusion imaging agent. The ECD ligand was
synthesized by the method of P.Blondeau et al (1967) which gave average yield of 22.8% (3.89
g./batch) of purified ECD dihydrochloride. The ready-to-use kit of ECD was prepared in two
formulations. Sterile water for injection and 0.025 M phosphate buffer(pH 6) were used as solvent in
formulation A and B, respectively. Then the kits were lyophilized and subsequently labeled with Tc-
99m. The radiochemical purity was evaluated by various chromatographic systems (TLC, ITLC and
HPLC) and obtained the value of 95% or higher as well as good in vitro stability up to 5 hours after
labeling for both formulations. The radiochemical purity analysis by HPLC provided one peak of
P"T¢-ECD at retention time of 25 min. The biodistribution studies of * Tc-ECD in normal rats

showed significant activity uptake in brain.
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ECD %350 L,L- ethyl cysteinate dimer N30 N,N-1,2- ethylenediyl-bis-L- cysteine diethyl ester M

1
o o

Y & ' v A Vo awv o 16.7.8
aminlunguudaiiimida1dsunsfinuisuduey

H, CH,
CH,
):N\” A \( Et00C | ﬁ .« COOEt
N/ ~ T
OH OH
P Te-d,-HMPAO »™fe-L,L-ECD

s 1 Tassadramaniives ™ Te-dFHMPAO taz ™ Te-L,L-ECD
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JoRuoenstioyusuos diamine dithiol 1 1#1il0e9n ligand Mrflamnsadaunsizdld
' ¥ - - o 9,10 ' o ¥ - A o a Y
awlavldmatdamantivng 1W° ligundudoumilou HMPAO uauiisriundanainaly
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vugh " Tc-HMPAO 11 radiochemical purity Useunas 85-90 % uagil stability iNoauA 30 11
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CRRTERY

Technetium-99m pertechnetate (”mTcO;) (ﬂ'ﬂﬁﬂaﬂ'l'ﬂimi‘nﬂ 'W‘IJ?!.), L-cysteine
hydrochloride monohydrate (Sigma), pure hydrochloric acid gas (TIG), pure ammonia gas
(TIG), formaldehyde (Merck), sodium metal (Fluka), EDTA disodium salt dihydrate, D-

mannitol

A - ¢

(n309ouazgnanl
FT-IR (Perkin Elmer), HPLC (Waters, Millipore) , 'H-NMR (Varian), Freeze Dryer
(Virtis), Radiochromatogram scanner (Raytest), ITLC-SG (Gelman), TLC (Whatman), HagHy

mamﬁ'uﬁ: Sprague-dawley
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L-Thiazolidine-4-carboxylic acid
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Y EtO
Acid I1 L,L-Ethyl cysteinate dimer(L,L-ECD)

11 cysteine hydrochloride monohydrate (60 n5) azmuiuf:1 150 ua. W@y 37%
formaldehyde 44 wa. muiulifalfisofgumgivesssiu 18 au. udaderq @y
pyridine 50 u@. INARZADUYIIVDA Acid 1 fie L-thiazolidine-4-carboxylic acid ANDANNI AT
wonudaninmi i gnidaomsansdntidou wonrdnliinldudely desiceator (vacuum)
91T1i1 Acid T 11 reduced #8 sodium metal (Na) Tu liquid ammonia (liq. NH,) launisagaiy
Acid 1 (33 n3u) T ligNH, (300 1) 7 18nmsmauiivveua NH, 1u flask fudolu liquid
N, #dsnIn@n Na fazdessulfisonfinauysel wdlaseld ligNH, szmeauuds Seozans
residue M0t (300 10.) nIvIRznEuT Wazmwoenlidaliy pH 104 filtrate 1% 14 pH 2
1218 AzNOUYDY Acid II M50 L, L-ethylene dicysteine ANDBAIN nseuwnnz eIy uda
ﬁwmv‘iﬂﬁ'u?q‘nﬁﬂUazmﬂuﬁ’wﬂ?‘u pHdlu o udannaznevd lumsazaensad pH 2 e 2-
3 n%e 9218 zneu Acid 1l AUSqnd Raliualu desiceator (vacuum) M09 Su NNt Acid
II W1 esterify Tavazaulu absolute ethanol (saturated A9t HCI gas) 200 uaq. U4 reflux ‘7]
gungiitszine 80°C W 2.5 . 1318 L, LECD anazneusenun  lduSqnialenmsan

< Y &4 a o . d d a
wanlu absolute ethanol 'lﬂwaﬂmqmmm L,L-ECD hydrochloride salt gﬂwmaﬂq AU
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Formulation A a3ouluthndunia Usu pH 1918 pH6.0Aw HCl M350 NaOH
Formulation B 1a3vulu 0.025 M. phosphate buffer 151 pH 114 pH6.0 Ay phosphate buffer

914 2 formulation ¢amsznouaian miloudu fie udaz kit 131seneudis LL-ECD
1 4N. D-mannitol 24 uN., EDTA disodium salt dihydrate 0.5 0. tiag SnCl, 144 Tulasniu MdI9In
MIUNAIAZA WA formulation A L1AE formulation B 159K millipore filter ¥117 0.22 lunsou

3 ' | a A .q’ Y & g ° Yy 9 ad

nniunsanladvianiandsimnnde 130 1Uvudiade33  Freeze dry thansiszneu

o o P A a
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mInsaeugumnmsdsznevduiagyl ECD
° o o a v 99m - o A
Wimsdsznevdusejd ECD inaanain (labeled) A~ "TcO, ANUUsIFImlszum 7-8

. o : Y a o ::; a Y ~ : = LY ' 99m
mCi/ml $119u 2 wa MlMiNalgAsungamgiivies 20 UM INMTUTNIAIBES “"Tc-ECD 1

b,

M399001 radiochemical purity 1Ag35A197 Aail

1. 33 TLC Taul¥ TLC Whatman KC 18F viua@10814 1 vioa (Uszuna 2.5 pl) udainn

develop 4 75% methanol  iadaudnitliSedafumriy TLC  &aoindes
radiochromatogram scanner

2. 3% 1ITLC-SG.  Tauldimiu ITLC-SG. 2 unU MoadI0t1uda develop 14 20% NaCl

1os 85% methanol Lﬁ@ﬁﬂzuﬂﬂ 99mTcO," uaz “"Te-colloid 130 hydrolyzed-reduced
?"Tc (""Tc-HR) mudey

3% HpLC 19 column : [-Bondapak C-18, mobile phase : 0-10 W1 0.0125 M phosphate

buffer 1A% 10-30 W1 ethanol, detector : Nal(T1), flow rate : 0.8 ml./min detector #1329

M retention time Y03 " Tc-ECD oz 99mTcO“'

msmiesifun Radiochemical purity vesmstsznevduiegy ECD

vihansdszneudiSej ECD formulation A 102 formulation B M1@ARANAW ~"TcO,
AU TSz 15 mCi USuas 2 wa. ﬁqiﬁ'tﬁﬂﬂﬁﬁ?m 20 Wi udniwienlasieaeu
radiochemical purity V%IJ’JU"E ITLC-SG/20% NaCl uag ITLC-SG/85% methanol (3%‘71 2) Lﬁﬂﬂi’mﬁ (3)1]
wloddudvosasudeu e ®"Tc0, uag “TTc-colloid W30 hydrolyzed-reduced *Tc

99m, ¢ Y o dd o . . .
(" Te-HR) muanay HAIMUIUY Y05 1HUA radiochemical purity 970
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Wumsdsznouduisgyis 2 formulaton # Mguwqll 2-8 °C wiewnanadey

L] Y

Radiochemical purity (Hu3zozAaoaIa 5 Hou

MIN3IVAOU in vitro stability V03~ Tc-ECD

s d a - . . .
hmsdszneuduisgd ECD @anaindiu TcO, udIN5NaA0U  radiochemical purity

=1

AT 2 NFIIA1 3, 10, 20, 60 LA 300 N AIUMAL

MINaTeUNITIINN
e e 99m LAY o o 9%m
ﬁﬂ‘kﬂ biodistribution 993~ Tc-ECD 114111;! 1IN 140-180 NN 1AURNA Tc-ECD AW
¥ @ . y 9 A o A @ a 1 1 =2 o 1
13393970y 500 p.Cl VU HADAANINYIN YAIINRA S UIN, 20 UM UDY T FY. Nm"l'ﬂmuaz

[l 1 4
HIdanodozaen Tdasie¥a aAnuuss3ed udnih lufmamn % injected dose R TuETiUA

wnmsmnaaunﬁmmﬂwnmsmnm

HANMIFUAIIZY L, L-ECD WU wsam3on L, L-ECD ﬁﬁmmu?qﬁ'qa"lﬁ' Tauisy
NNAMSHIRY L-cysteine

ifumu‘?i 1 lAesUseney Acid I n3e L-thiazolidine-4-carboxylic acid ‘U?Q‘HT; mp.197-
199°C, yield 76-87% (17-39 N1 / batch )

ifuﬂauﬁ 2 lAasisznen Acid II Mo L, L-Ethylene dicysteine mp. 251-254°C, yield
38.8% (10.6-14.4 N / batch )

‘lfuﬁlﬂuﬁ 3 18 L, L-ECD M350 L, L-ethyl cysteinate dimer 11‘!;"1]%1'6\3 dihydrochlonde, yield
22.4 % (3.89 N5U) mp. 195-197°C (Ref. 197-198 °C)’

IR : 3100-2200cm” amine hydrochloride, 1735.8 cm" C=0 404 ethyl ester, 1551 cm ' NH,
1227.7 cm 'C-O-C 493 -COOET

'H-NMR (ppm.) : -CH- 4.6 (s), COOCH, 4.35 (g), CH,-CH, 3.6 (s), CH, S 3.2 (d), CH,
1.3(t)

HAN15ASI9EOU radiochemical purity 99 ° " Tc-ECD ﬁm‘%’un"lﬁ'mnmiﬂizﬂauﬁn%‘ﬂgﬂ

ECD Wy 14 “"Tc-ECD i radiochemical purity geu1n Asudraanalugifi 2-4 o m13199 1



412 BE5

counts/sec
200 T
Tc-99m ECD
100
origin front
0.0 [ t ¥ !
50.0 100.0

distanece (mm)

31N 2 Radiochromatogram 494 ™" Tc-ECD Min3579a0u 1av3% Whatman TLC-KC18F/75% MeOH

wvolts
Tc-99m ECD
1.0 T
0.8 T
0.6 1
0.4 +
0.2+ J
0.0 } ¥ ! T = +
S 10 15 20 25 30
Time (mins)

31N 3 Radiochromatogram 489 *"Tc-ECD #in329a011a83% HPLC

volts
Tc-99m ECD

1.0 1T
0.8 + Tc-99m pertechnetate
0'6 -4
0.4 +
0.2 1 J
0.0 I a; T T = }

S 10 15 20 25 30

Time (mins)

gﬂﬁ 4 Radiochromatogram Y94 P"Te-ECD Nn3539e01 1au35 HPLC ¥93 formulation A

(3 INDUNAINAR)



DS5] 413

: ad by = o 1o o ¢ ¥
11719 3 IBMs Mwanrsnanedlndifivaiu 1AdEA 2 aunsausnesnlsenoudia een
v MY 1w { v o S
nnfuldedndanu Tasldnadesiiqa dniulumsneassiuselSaudennsasieaeu

radiochemical purity AN 2

M13190 1 Radiochemical purity analysis ¥89 ”"Tc-ECD fia3 s inaisilsznouduiegil ECD

1. TLC, KC 18/75% MeOH ~0.9 0.0-0.1 0.54-0.63 96%

2. ITLC-SG/85% MeOH 0.9-1.0 0.0-0.1 0.9-1.0 98%
ITLC-SG/20% NaCl 0.9-1.0 0.0-0.1 0.0-0.1
3. HPLC, retention time (min) 3.6 - 26 min 96%

* RCP : Radiochemical purity

. . . s o .
91AN1TATIVAOU radiochemical purity uaamsﬂsznaumm;ﬂ ECD formulation A 1lag
. ia -9, aad ' . : . o d
formulation B inanandau ¥ Tco, 1au38% 2 WU radiochemical purity ¥038131senouduse
» ]
7Y ECD W42 formulation UF1gaNT1 95% MAIINAARAIN 20 W 1A8N in vitro stability Y89
*"Tc-ECD Mig30u910  formulation B AoUYNZANIINIATONIN  formulation A Asueraaly
A15NN 2
¢ o o o 2 ) - a 0 ' .
uanaInINIUEsYsgneudusegna 2 formulation 13Nguvgl 2-8 °C Wy formulation
¥ 1 . . . A ° ' A d 1% a o
A 9211 radiochemical purity aRa3os q uazdnd 90 % oanuliunuiu 1 deou Tuvue

. o 4 . . . ' T
formulation B e300y lAuude 5 1hou Tauf  radiochemical purity T lsilasuuag

).

aanaaaluaisan 3

M1319N 2 in vitro stability Y99 ~"Tc-ECD

kit formulation A 74.9 923 97.5 97.2 97.1 96.7

kit formulation B 88.8 93.5 98.2 99.5 99.0 99.0
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M3 3 % Radiochemical purity 489 “"Tc -ECD AT HAIHAA

Formulation' A 98.6 974 97.1 55.3 -

Formulation B 98.8 98.7 98.2 99.4 98.3

HANSANYINISNTZRWAIWDY “"Tc-ECD luny wudh "Tc-ECD sz lvmimsnszniuda

Thetuzang dwanaslunsian 4

MmN 4 M3NIZNWADY 7 Te-ECD lunynaaeq

Bload 11.5+ .80 6.32 + .98 211+ .26
Brain 1.09 £ 30 080+ .17 0.23+ .04
Liver 22,61 £ 2.17 17.64 + 1.70 12.39+ 1.19
Spleen 0.29 £ .02 0.09+ 30 0.04 £ .02
Muscle 2699+ 7.12 14.38 + 1.89 6.40 + .57
Lungs 124+ .14 0.00 0.00
Heart 041+ .05 0.00 0.00
Kidney 622+ 1.03 19.19+ 1.14 24,44+ 292
Urine 1.22 + .71 8.19 + 490 15.11 + 6.05
Stomach 1.07 + .38 042+ .10 1.06 £ 1.09
total GI 943+ 1.39 15.57 £ 1.02 22.33+ 2.69
Tail 1.82+ .34 1.35+ .19 3.05+ 2.64
Skull 0.14 + 30 0.09+ 0.3 0.04 £ .01
Carcass 1591+ 143 15.96 + 1.35 12.79+ 142

*n=5
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phosphate buffer %z;i‘lumsﬂi:ﬂauﬁwﬁ‘n;ﬂﬁﬁqmmw?\ 1H1los1¥ud radiochemical purity g9
whiu Puumaodeu defnunisnszaedwes ™ Te-ECD lumynui ™ Te-ECD #1130
niznwi lliiaues IR nflneddnanesludsiidinaseqa primate Waluga uazlusramony
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