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GEL CHROMATOGRAPHY COLUVN SCANNING (GCS) METHOD OF C H O I C E  FOR 

Q U A L I T Y  CONTROL OF 99mTc-PLASMIN PREPARATIONS 

Lennart  Dar te  and R .  B e r t i l  R .  Persson 
Rad ia t i on  Physics Department 

L a s a r e t t e t ,  S-221 85 Lund, Sweden 

ABSTRACT . _ _ _  

Gel chromatography column scanning (GCS) i s  u s e f u l  f o r  t e s t i n a  
compounds l a b e l l e d  w i t h  gamma-emitting r a d i o n u c l i d e s .  The e l u t i o n  vo- 
lume used i n  t h i s  technique i s  so smal l  t h a t  no components o f  t h e  
sample a re  e l u t e d  from the  column. I n  t h e  r a d i o a c t i v i t y  d i s t r i b u t i o n  
o f  t h e  sealed column va r ious  species a re  r e  rded i n  c h a r a c t e r i s t i c  
zones o f  t h e  column. Plasmin l a b e l l e d  w i t h  5gmTc i s  used f o r  s c i n t i -  
g raph ic  d e t e c t i o n  o f  deep v e i n  thrombosis.  The q u a l i t y  o f  t h e  99E1Tc- 
p lasmin  p repara t i on  has been t e s t e d  by va r ious  methods. The GCS method 
employing smal l  columns o f f e r s  a very  f a s t  t e s t i n g  procedure and ade- 
quate r e s o l u t i o n  f o r  q u a l i t y  c o n t r o l  i n  r o u t i n e  rad iopharmaceut ica l  
work. 

INTRODUCTION __-_ 
Gel f i l t r a t i o n  has been used e x t e n s i v e l y  f o r  s tudy inq  t h e  chemi- 

c a l  s t a t e  o f  l a b e l l e d  compounds and rad iopharnaceu t i ca l s .  Molecules a r e  

f r a c t i o n a t e d  on a g e l  bed i n  o rde r  o f  decreas ina  mo lecu la r  we iqh t  and 

s i z e  i f  no i n t e r a c t i o n  takes  p lace .  Some spec ies ,  however, a r e  f i r m l y  

bound t o  t h e  g e l  and a re  n o t  e lua ted  from t h e  oe l  column. 

Gel chromatoqraphy column scanninq, GCS,is u s e f u l  f o r  samples o f  

gamma-emitting rad ionuc l i des .  Only a smal l  volume o f  t h e  deve lop ino  agent  

i s  used so t h a t  none o f  t he  r a d i o a c t i v i t y  zones a re  e lu ted .  The d i s t r i -  

b u t i o n  o f  t h e  r a d i o a c t i v i t y  i n  t h e  column i s  measured w i t h  a scanner o r  

a s c i n t i l l a t i o n  camera. The GCS method i s  much l e s s  t ime  consumincl and 

i s  t e c h n i c a l l y  l e s s  d i f f i c u l t  t o  use than convent iona l  ge l  chromatography 

w i t h  f r a c t i o n  c o l l e c t i o n .  The GCS method i n v o l v e s  l e s s  exoer imenta l  d i s -  
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500 DARTE AND PERSSON 

t u rbances ,  b e t t e r  molecular r e s o l u t i o n  and b e t t e r  countinq s t a t i s t i c s  
than t h e  more commonly used methods of paper chromatography and t h i n  
l a y e r  chromatography. 

l a b e l l e d  compounds have, The gel most widely used and t h e  one s u i -  
t a b l e  f o r  most rad iopharmaceut ica ls  i s  Sephadex G-25 (Pharmacia 
Fine Chemicals, Uppsala, Sweden). For s e p a r a t i o n  of high molecular  
weight compounds and c o l l o i d s ,  Sepharose ge l  i s  u s e f u l .  

The type  of qel t o  be used depends on what molecular weights  t h e  

The GCS method has been r e l a t e d  t o  convent iona l  gel f i l t r a t i o n  
in  previous papers ( 1 , Z ) .  The method has been used e x t e n s i v e l y  f o r  
s tudying  l a b e l l i n g  in  va r ious  99mTc-radiopharmaceuticals. These i n -  
c lude  t h e  kidney agen t s  Tc-ascorbic ac id  (1 ,3-5) ,  Tc-DTPA ( 3 , 4 , 6 ) ,  
Tc-EDTA ( 7 , 8 )  and T c - u n i t h i o l ( l 9 ) ;  t h e  lung agen t  Tc - l abe l l ed  macro- 
aggrega tes  ( 9  ) ;  the blood agen t s  Tc-HSA ( l l ) ,  Tc - s t r ep tok inase  
(11-13) and Tc-plasmin (11,14-17);  t h e  l i v e r  agen t s  Tc-Sn-sulphur 
c o l l o i d  ( 2 )  and Tc-Sb-sulphur c o l l o i d  ( 2 ) ;  the h e a r t  and s k e l e t a l  
agents  Tc-pyrophosphate (11 ,18 ) ,  Tc l a b e l l e d  e thane  hydroxy diphos- 
phonate (11 )  a n d  Tc l a b e l l e d  methylene diphosphonate ( 1 1 ) .  F ig  1 
shows pos i t i ons  of the r a d i o a c t i v e  zones in  the scanning p r o f i l e  of 
some 99"~Tc- rad iopharmaceut ica ls  analysed  by columns of Sephadex G-25 
Fine ge l  e lua t ed  wi th  10 ml 0 .9  % NaC1-solution. 

t i e n t  i n v e s t i g a t i o n s  of deep ve in  thrombosis wi th  very promising r e -  
s u l t s  ( 1 4 , 1 9 ) .  In t h e s e  i n v e s t i g a t i o n s  t h e  G C S  method was used t o  ana- 
lyze  t h e  radiochemical p u r i t y  of each p repa ra t ion  p r i o r  t o  admin i s t r a -  
t i o n .  The research  work f o r  t h e  development of the 99mTc-plasmin pre-  
pa ra t ion  (15 ,16)  was performed us ing  columns o f  1 . 5  cm i n n e r  d iameter  
and 30 cm in  length  f i l l e d  with Sephadex G-25 Fine  g e l .  The t e s t i n g  
procedure with such a column t a k e s  about ha l f  an hour which i s  o f t e n  
too long f o r  r o u t i n e  c l i n i c a l  work. For more than  one y e a r  we have 
used two sma l l e r  columns in  t e s t i n g  many types  of r ad iopha rmaceu t i ca l s .  
In t h i s  paper some q u a l i t y  con t ro l  methods f o r  39mTc-plasmin a r e  com- 
pared in  o rde r  t o  d e r i v e  t h e  procedure b e s t  s u i t e d  f o r  r o u t i n e  c l i n i -  
ca l  work. 

MATERIALS A N D  METHODS 

99mTc-plasmin p repa ra t ions  have been used i n  a few s e r i e s  o f  pa- 

GCS method 
The method r e q u i r e s  only minor spec ia l  equipment and i s  very simp- 

l e  t o  perform (column s p e c i f i c a t i o n s  in  l a b l e  1 ) :  
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GCS FOR 99mTc-PLASMIN PREPARATIONS 501 

”“‘Tc - sample 0.1 ml 
---1 ___- 

- macroaggregates 
- colloid 
- reduced, hydrolyze 

- pertechnetate 

- ascorbic acid 
- EDTA 

- DTPA 

- pyrophosphate - 
- unithiol (8 )  

- albumin 

- streptokinase 
- colloid 

SEPHADEX @ 

G-25 Fine gel 
~ _ . _ _ _ _  

d 

FIGURE 1 
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Counting rate / s-’ 

/ 

Length of column / cm 

P r i n c i p l e  o f  g e l  chromatography column scanning ( G C S ) .  
shows p o s i t i o n s  o f  some 99mTc-radiopharmaceuticals on a 
G - 2 5  F ine  column a f t e r  e l u t i n a  w i t h  10 m l  0.9 % NaCl so 

he f i g u r e  
Sephadex 
u t i o n .  

1 .  preearlns-the-sel-slurrr. Add Sephadex G-25 F i n e  i n t o  a l a r g e  

volume o f  d i s t i l l e d  water  w i t h  s t i r r i n g  and a l l o w  t o  swe l l  over -  

n i g h t  o r  b o i l  f o r  2-3 hours. 

2. kckjnq-tht-goj~mn. Use a tube of i n e r t  t ransparen t  m a t e r i a l  o f  

1-2 cm i n t e r n a l  d iameter  and 10-30 cm h e i g h t .  I n s e r t  a s topper  w i t h  
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Sample Elution 
volume volume of 
( m l )  0.9 % NaCl 

(ml 1 

DARTE AND PERSSON 

Elution Recordina time: 
time Scanner Scintil- 
(min) (min) lation 

camera 

T A B L E  1 

Comparison o f  time lengths f o r  tes t ing  procedures 

GCS fype of gel 

Sephadex 
6-25 Fine 

Sephadex 
6-25 Medium 

Sephadex 
6-25 Medium 

TLC Adsorbent 

Silica gel 
plate 

Silica gel 
strip 

Silica gel 
plate 

Dimensions 
Lenqth x 
Oi ameter 
(cm) 

ca 30~1.5 

12.5x0.9 

5.5x1.5 

Dimensions 
Length x 
Width 
(on) 

20x5 

8x1 

20x5 

0.05 

0.05 

Sample 
volume 

l u l )  

5 

2 

5 

2 

1.8 <2 10 <2 

1.8 <2 5 <2 

Developing Develop- Recording time: 
solvent ing Scanner Well type 

time stint. counter 
(min) ( min) ( min) 

HEK ca 45 10 

ME K <2 < 4  

0.9 % NaCl ca 40 10 
pH 2 

pH 2 
0.9 % NaCl <2 < 4  

I I I (min) 

Silica gel 
s t r i p  

0.10 1 10.0 I 15 115 1 2  

8x1 

a needle and a wet g lass  wool plug ( o r  polyethylene f i l t e r )  into the 
bottom. Pour the gel s lur ry  in to  the column, allow t o  s e t t l e ,  and 
f i l l  again unt i l  a sol id  gel column of the desired height i s  obtained. 
Mount a second wet g lass  wool plug a t  the top of  the  gel bed and  main- 
ta in  i t  perfect ly  horizontal .  The column i s  then carefu l ly  washed 
with a solut ion of 0 .9  % NaCl. A prepared column can be used many t i -  
mes. 

3 .  A-test%E!rocedure. 
a )  I n i t i a l  s t a t e  resul t ing in column sa tura t ion  i s  obtained with 
0.9 % NaCl/HCl solut ion having the same pH as the sample t o  be 
analyzed. 
b )  The sample ( 5 0 . 1  ml) i s  applied t o  the  top of the column and 
allowed t o  soak into the  top glass  wool un t i l  the  solut ion i s  no 
longer v i s i b l e .  The e lu t ion  i s  performed immediately afterwards 
with the same eluent  as  used f o r  achieving the i n i t i a l  s t a t e .  
The elut ion volume i s  chosen t o  exclude radioact ive components 
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GCS FOR 99mTc-PLASMIN PREPARATIONS 503 

from being eluted from the column and t o  ensure t h a t  the in te res -  
t ing  rad ioac t iv i ty  d i s t r i b u t i o n  spans the e n t i r e  column length. 
c )  When elut ion i s  complete, the rad ioac t iv i ty  d i s t r i b u t i o n  in 
the column i s  studied e i t h e r  by scanninq with a 1-mm s l i t - c o l l i -  
mated NaI(T1) detector  ( e . g .  Fig 2 )  o r  by measurinq the whole co- 
lumn with a s c i n t i l l a t i o n  camera ( e . g .  Fig 3 ) .  The f rac t ion  o f  

each label led component o f  the  sample i s  calculated as  the net 
number of counts recorded in  the zone in  question normalised t o  
the  t o t a l  number o f  counts recorded over the e n t i r e  d i s t r i b u t i o n .  

TLC methog 
Conventional methods of th in  layer  chromatography f o r  radiophar- 

maceutical work were used. Determination of the f rac t ion  of f r e e  
99mTc-pertechnetate was carr ied o u t  using s i l i c a  gel developed in me- 

FIGURE 2 

GCS prof i les  from various types of columns a f t e r  tes t ing  a 99mTc- 
plasmin preparation using 0 . 9  7; NaCl eluent  of pH value 2 .  The prof i -  
l e s  have been recorded by a scanner. 
I .  Sephadex G-25 Medium, 5.5x1.5 cm, 1.8 rnl. 
11. Sephadex G-25 Medium, 12.5x0.9 cm, 1.8 m l .  

111. Sephadex G-25 Fine, 30x1.5 cm, 10 ml. 
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504 DARTE AND PERSSON 

FIGURE 3 

CCS p r o f i l e  observed from a Sephadex G-25 Fine 30xl.S cm column f o r  a 
99’nTc-plasmin preparation u s i n g  10 ml 0.9 7; NaCl eluent  o f  pti value 2. 
The briqhtness, p r o f i l e  and d i q i t a l  displays shown were recorded by  a 
s c i n t i  1 l a t ion  camera. 

t h y 1  ethyl ketone, p a r t l y  with 20 x 5 cm p la te  and par t ly  w i t h  
8 x 1 cm s t r i p ,  Determination of the u n b o u n d ,  reduced 99mTc f rac-  
t i o n  was carr ied o u t  with the same type of p l a t e  and s t r i p  b u t  de- 
veloped in 0 . 9  Z NaCl a t  the pH value 2 . 1 .  After  development the pla- 
t e s  were scanned with the s l i t -co l l imated  de tec tor ,  a n d  the s t r i p s  
were cu t  into two pieces and counted in a well type s c i n t i l l a t i o n  
detector .  

Label1 i n g  method 
The method of labe l l ing  plasmin with 99”’Tc was f i r s t  studied in 

d e t a i l  i n  our Department ( l S , 1 6 ) .  NOVO Industry A/S, Denmark a f t e r -  
wards prepared k i t s  according t o  our spec i f ica t ions .  The preparation 
of 99mTc-plasmin from these k i t s  i s  performed a s  follows: 
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14-21 cm zone 
66 % 
70 O/a 

6.5-11 cm zone 
72 % 
2.5-5.5 cm zone 
72 % 

RF 2 0 

- 

_.___ 

_~ 
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0-2 cm zone 
7 %  
8 %  

0-1 cm zone 
7 %  
9-0.5 cm zone 
- 1 1  % 

RF = 0 

1.  Adjust the pH value by the addition of 0.2-0.3 ml 
2. Add 99mTc-pertechnetate (5-50 mCi) to a final volume of 3.5 ml. 
The preparation which has pH value 2 is ready for use in patient 
studies after 45 minutes and is stable for more than 30 hours. Ap- 
proximately 0.1-1 ml preparation(0.5 mCi)is generally used per patient. 

0.1 M HC1. 

RESULTS AND DISCUSSION 
The labelling yield and the radiochemical purity of the 99mTc- 

plasmin preparation were analysed by various methods. The time length 
o f  the testing procedure is indicated in Table 1. The developinq time 
for a TLC plate is approximately three times the elution time of a 30 
cm GCS column. The recording times are approximately the same. The 
small TLC strips and the small GCS columns offer very rapid procedu- 
res for quality control. 

The results of quality control can be seen in Table 2 and F i g u -  

res 2-3. In testing a radiopharmaceutical with TLC two TLC systems are 
generally necessary to determine 99mTc-pertechnetate and unbound, re- 
duced 99mTc fractions. For 99mTc-plasmin preparations the saline sys- 

TABLE 2 

Comparison of quality control results for a 99mTc-plasmin preparation 

Method o f  
quality control 99mTc-plasmin 1 ”  Tc-red.-hydr. 

Fractions recarded in various 

GCS, 30 cm column 
scanner 
scintillation 
camera __ 

GCS, 12.5 cm column 

GCS, 5.5 cm column 

TLC, SG + MEK 

20x5 cm plate 

20x5 cm plate 95 % 

Tones - 
3 9m~c0, 

2-6 cm zone 
14 X 
13 Z 

1-4 cm zone 
15 % 

0.5-2.0 cm zone 
115 x 
RF = 1.0 

13 % 
17 76 
RF L- 1.0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



506 DARTE AND PERSSON 

tem, w h i c h  has been used  s u c c e s s f u l l y  f o r  many o t h e r  r a d i o p h a r m a c e u t i -  

c a l s ,  can  n o t  be used t o  measure unbound, reduced  99mTc, p r o b a b l y  due 

t o  a b s o r p t i o n  o f  99”’Tc-plasmin a t  t h e  a p p l i c a t i o n  p o i n t .  On t h e  o t h e r  

hand, t h e  m e t h y l  e t h y l  ke tone  system i s  u s e f u l  i n  d e t e r m i n a t i o n  o f  t h e  99mTc- 

p e r t e c h n e t a t e  f r a c t i o n .  E a r l i e r  t e s t s  have shown p o o r  r e p r o d u c i b i -  

l i t y  f o r  t h e  s m a l l  s t r i p s  i n  r o u t i n e  t e s t i n g  o f  99mTc-p lasmin p r e -  

p a r a t i o n s .  I n  t h e  GCS t e c h n i q u e  o n l y  one t e s t i n g  system i s  enough. 

99n’Tc-reduced-hydrolyzed, 99mTc-pe r techne ta te  and otherggmTc-  1 a -  

b e l l e d  i m p u r i t y  i n  a d d i t i o n  t o  99mTc-p lasmin a r e  s e p a r a t e d  i n t o  v a -  

r i o u s  zones on t h e  co lumn ( F i g u r e  4 ) .  S i n c e  t h e  99n1Tc-plasrriin p repa-  

r a t i o n  i s  r a t h e r  u n s t a b l e  i n  0.9% NaCl o f  n e u t r a l  pH v a l u e  ( 1 5 )  t h e  

e l u t i o n  must  be p e r f o r m e d  w i t h  pH v a l u e  2 t o  a v o i d  s e r i o u s  e r r o r s  

( T a b l e  3, F i g u r e  4 ) .  

FIGURE 4 

GCS p r o f i l e s  o f  Sephadex G-25 f i n e  30x1.5 cm columns f o r  a 99mTc-p lasmin  
p r e p a r a t i o n  u s i n g  10 m l  0.9 % NaCl e l u e n t  w i t h  pH v a l u e s  2 and 7 .  The 
d i s t r i b u t i o n s  a r e  shown as t h e  p e r c e n t a g e s  o f  t h e  t o t a l  numbers o f  
coun ts / cm o f  t h e  co lumns.  
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GCS FOR 99mTc-PLASMIN PREPARATIONS 507 

TABLE 3 

The importance of correct pH value for the eluant durinq the testinq procedurc 

GCS Fraction recorded in the 9qmTc-pla~min zone at 
pH value 7 

30 cm (Figure 4) 12 % 

12.5 cm 27 % 

5.5 cm 19 % 

Resolutions observed with various GCS columns are compared in Fiqure 2. 
I n  the 5.5 cm column q9mTc-reduced-hydrolyzed and 99mTc-pertechnetate com- 
ponents cannot always be resolved. It i s  believed that the resolution of 
the 12.5 cm column i s  adequate for quality control in routine ra- 
diopharmaceutical work. Because of the availability of scintilla- 
tion cameras in nuclear medicine departments their use for recor- 
dinq columns offers a very rapid testinq procedure with nearly the 
same resolution as obtained with a slit-collimated scannina detec- 
tor (Table 2, Fiqure 3). The whole testinq procedure with a 12.5 cm 
column includinq the attainment of the initial state thus takes less 
than 15 minutes. 

The results from the present experiment aqree with observations 
from more than 100 tests of 99mTc-plasmin preparations using small 
columns run in parallel with some other quality control method. The 
small columns have proved to be very reliable with qood reproduci- 
bility o f  the results. They can also be used for quality control of 
most other kinds o f  radiopharmaceuticals labelled with qgmTc or other 
gamma-emitting radionuclides. 
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