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ABSTRACT

Human nenspecific polvelonal 12G oand granulocyies, which accumulate in inflammation foci, were

I:‘."l

radiolabeled with

11 pi : Ll e 4 ; :
and " In-Tropalone, respectively. Biodistribution of these two radiolabels

was assessed in normal and inflammation-induced mice, 1-lgG showed better localization to the
inflammated areas. Blood levels with ' In-Tropolone leukocytes were lower at all time points. In
addition, the inflammatory thigh-to-blood ratios showed an improvement, whereas the ratios of
inflammatory  thigh-to-other normal tissues were higher for ?"[—Eg(i than ''In-Tropolone
leukocyies. In conclusion, labeled 1gG due to better localization in inflammated sites and higher
target-to-background ratios is more suitable agent than labeled leukocyies Tor immunoscintigraphy

of inflammation.
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INTRODUCTION

Various nuclear medicine techniques are widely
used to image loci of infection and inflammation,
such as radiclabeled antibodies and granulocyvies.
Among the relatively new radiopharmaceuticals
for this purpose, are radioimmuno-conjuzales
such as labeled murine maoneclonal
antigranulocyte antibodies and  labeled  human
nonspecific polyvelonal 1gG (13,

Although the mechanism for sccumulztion of

radiclabeled  nonspecific human  lgG in
inflammatary  and  infectious  loci  is not
completely clear, it is likely related to increased
vascular  permeability  inte an expanded
extracellular fluid space and to the chemical
nature of the radiolabel (2. Howewver, the main

tactor limiting the clinical application ol

radiclabeled  antibodies is an often-moderate
target-to-backeround  ratio in image {3 To
overcome  this, several methods have been
proposed. Most ol investigations  have  been
focused on improvement radi
antibodies resulting in reduction of radicactivity
of normal tissues and enhancement of target-to-
background  ratio.  As  much  as  target-to-
background ratio increases, inflammation would

labeling methods of

be mare separable from background in images,
The use of leukocytes labeled with ''In to locate
inflammation 15 an  established and clinically
uselul technique. 1 leukocytes are radiolabeled
with  a  gamma  emitting  compound,  their
accumulation (more  granulocvies)  in the
reticuloendothelial svElem tissues and
inflammatary sites can be detected as hot spots on
& gamma camera image (4), Due to prablems in
radiclakeling leukocyies and also sccumulation of
reticuleendothelial  svstem,
investigators have focused on other technigues
like  antibody  scintigraphy  for  detection  of
inflammation.

lezkocytes  in

The main objective of this study was to compare

immunescintigraphy  of  inflammation  with
antibody  and  leukocytes:  therefore,  the
biodistribution of IgG (labeled with Na'™’l by
Chlaramin-T method) and leukocyies ({labeled
with "'In-Tropolone) was studied in normal and
inflammation bearing mice.

; MATERIALS AND METHODS
"1 as Na'"l with the specific activity of 100
peiful in NatH was purchased from Amersham,
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leG was prepared from human plasma (3) and
was iodinated by Chloramin-T  method (6],
Briefly, 100 ng of lgG was incubated with 2 mei
of Na'**l and 25 wg of chloramin-T for Tmin. Free
radioactive iodine was separated by Sephadex G-
30 column chromatography. The specific activity
of "“I-1gG was estimated to be between 5-10
meiimg.

"'In as 'MInel; with a specific activity of 30 mei /
ml in 0.01 N HCI was obtained {rom Cyclotrone
Division,  Agricultural & Nuclear Medicine
Research Center, Alomic Energy Organization of
[ran, Kara]. Radioactive samples were measured
using Mal gamma counter.

Leukocytes (WBC) were labeled as follow (40

18 ml of venous blood were drawn into 2x25 ml
sterile disposable plastic syringes, each containing
2.25 ml ACD. Four-ml HES 6% was added o
each syringe. Allowed the syringes to sediment
for 45-60 min at room femperature.  After
sedimentation of supernatants at 430g for 5 min,
cell pellet was gently resuspended in 0.5 m] cell
free plasma (CFP)), which was oblained from
centrifugation of 5 ml blood at 2000g for 13 min.
The platelet rich plasma was centrifuged at 2000z
for 15 min to obtain cell free plasma (CFP;). 70
ul Tropolone at a concentration of | mg /7 ml in
HEPES buffer (0.2 M, pH 7.5 was added 10 30 pl
"InCl; (about 1500 pei). After 15min incubation
at room temperature with gentle swirling, 5 ml of
CTFP;: was added and the mixture centrifuged at
450z for 5§ min. The cell pellet resuspended in
CTFP; for injection.

An animal model was developed injecting 40 ul
of Turpenting in the posterior left thigh of Balhic
mice weighing approximately 25g. Mice were lefi
for 48 hour in normal condition o develop the
inflammation foci, 100 uci / 0.1 ml/ 20 pg "*I-
1z / mouse or 20 pei /0.1 ml "n-Tropolone
leukocytes / mouse was injected through tail veins
inlo mice. Six mice from each group were killed
with ether for determination of tissue radioactivity
at times 2, 4, 6, 24, 30, and 48 hour post
administration of radiolabeles. Selected organs
iBlood, Spleen, Liver, Stomach, Intestine,
Kidney, Left Thigh, Right Thigh, Bone, and
Lung) were removed and placed into pre weighed
tubes and radicactivity was measured. The pereent
of injected dose per gram tissue (% 1DVg tissue)
was determined. The tolal injected dose was

calculated by measuring syringes before and after
injection to each animal.

Statistreal analysis
All values were expressed as mean & standard
deviation (Mean+5D) and data were compared
uzing student T-lest. Statistical signilicant was
delined as P=2 005,

RESULTS
Results of the biodistribution in normal and
induced inflammation mice at 2, 4, 6, 24, 30 and
48 hr post injection of HE‘[-]gG and 'MIn-
Tropolone levkocytes (n=6 per time poinl) are
shown in Figures 1.4,
There was no significant difference between the
radioactivity of left and right thigh in mice
withaut inflammation after injection of '“I-1gG
and ''In-Tropolone leukocytes (Tables 1,3). In
inflammation bearing mice, radicactivily values
of left and right thigh wers significantly different
(P=<0.03) at definite times (6, 24, 30, and 48hr for
labeled 1pG, 24 and 30hr for labeled levkocyies)
afler injection of '"PI-IgG and '"In-Tropolone
leukocytes {Tahles 2.4}
Compared with " 'In-Tropelone leukocytes, bload
radicactivity of "“1-1gG was much higher, but
radioactivity in the other argans, especially in the
liver, spleen, and kidney were lower, The
maximum radicactivity of normal tissues and
inflammatory (left) thigh was achieved 4 hr after
injection of 'I-1gG, and reduced dramatically
after £ hour {e.g. % 1DVg of blood from 29 at 4 hr
to 13 at 6 hr and 7.5 at 24 hr), The reduction of
radicactivity in inflammatory (left) thigh was not
as much as reduction in normal tissues (% ID/g
from Tatd hrto 6 at 6 hrand 5 at 24 hr). The best
inflammatary thigh-to-normal tissue ratios were
obtained at 24hr post administration of "Vl-lgG
(Table 5.
Following administration of "'In-Tropolone
leukoeytes there was high radicactivity in blood,
liver, spleen, and lung. Two hours alter injection,
radicactivity  decreased in blood and  lung,
whereas 1t increased in liver and  spleen,
Therefore. blood levels were lower at all times:
conseruently, inflammatory thigh-to-blood ratios
were improved. But as 15 apparent from Table 3,
inflammutory thigh-to-liver, spleen, and kidney
ratios were low and the best ratios were obtained
at 48 hr post administration of I"']1'|-'t"1'|:|]:u.:'|I+:|r1e
leukocyies,
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Fig 2. Histograms showing biodistribution as percent injected dose per gram tissue (% [D/g) at 24, 30, and
48 hours post injection of =1 12( and "''In-Tropolone leukocyvies in normal mice



fnflanumarion defection

45 T ——
40 | P
35 I 012515

i

|

W1100nTeo liuk T=2 Hours

30
25 1
2

%IDig
" [

e

T= 2 Hours

%IDig
(%)
h C
)

T= 6 Haurs

lmﬂﬂlwl\!

L =
@ﬁp o Q\IF 'é‘ f *@ﬁ? \{ﬁ .\’
+° &

%IDig
=

Lo e L= =

Fig 3. Histograms s]mwmg biodistribution as percent injected dose per gram tissue (% [DVg) at 2, 4, and 6
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Table 1: % ID/g in normal mice at 2. 4, 6, 24, 30, 48 hr post injection of '"*L.1gG

Organ 2 hr 4 hr 6hr | 241hr 30he | 48hr
Blood 14.4044.48 | 26.744.3 174294 | 8.8+0.1 23205 | 1.3240.72
| Spleen | 4.220.38 5.23+0.76 | 34071 2.03£0.5 0482013 0.5240.16
. Liver 6.6£1.15 73+0.8 | 5.85+0.68 3.1£0.85 1.16+0.57 1.25:4().4
_ Stomach 6.13+0.98 13.7724.8] | 5.4841.95 | 2.03+0.29 | 1.3440.39 0.5120.2
Intestine 3.15%1.19 5.95£0.35 | 2.8540.5 2.0840.37 | 0.66+0.22 D 'EJ+D |2
Kidney 7.05+0.57 23.85+3.85 6.8+1.06 3.240.29 2.220.57 5424011
Left Thigh L3045 2+0.5 1.53320.2% 354005 | 0. ~h+i} lﬂ_ 0,28+0.1
Right Thigh 1.5£0.51 2.310.36 1252018 L2540.05 | 0.3640.19 | (L.2240.05
Bone 2.1x0.54 2.6710.19 1.5740.2] 1440025 0.3 10,07 0.28+0.03
(%l percent injected dose per gram tissue. -
Table 2: % [l}f" in induced inflammation mice at 2, 4, 6, 24, 30, 48 hr post injection of '“L-1gG
Organ 2hr | 4hr _ 6hr 24 hr 30k 43 B .|
Blood 18.5713.04 28.8243.53 | 12.75+1.64 T.5840.8 2.13+0.32 | 320, 6;1__|
Sple-&n 3.33:1.08 1507172 2.63+0.62 1834035 | 0.49:0.26 5!_{1‘? 0.21
Liver 5.15£1.31 12.122.72 | 463137 | 1.97+0.7 | 1.4420.59 | 1.47+0.12 |
Stomach 4.68+1.11 | 24631575 | 2.6340.7 2.240.57 | 0.92:0.45 | 0.8240.4
Intestine 354054 8.42+1.8 1.9+0.3 1324033 | 0.68:032 | 0.68+024 |
Kidney 5.820.73 18.1£3.82 6.821.74 | 4.5310.78 | 2.18:0.84 | 527+1.86 |
Left Thigh 2£0.54 H.BTHDLAY 6+1.22 5.3540.65 1.2+0.28 1.03£0.69
Right Thigh 14043 2.694] .12 2'_'_(]' a2 1.77+0.08 0.3520.08 0.3910.15
 Bone 2.8110.29 3.2840.4 1.8340.35 2.85+0.66 | 0.3420.07 0.364).1

(el p:_ru,nl In|LL1Ld dose per par gram tissue,

DISCLUSSION
The use of radiolabeled nonspecific polvelonal
[eG to image sites of inflammation has been

shown to be due 1o nonspecilic accumulation of

the protein resulting from ifncreased wvascular

permeabilitv.  The  clinical  results Tor
immunescintigraphy with radiolabeled
granulocyte-specific  antibodics  and  human

nonspecific polyelonal [gl indicate their potential
value  for the detection of infectious and
inflammatory processes (1,7) However, & general
difficulty in the use of radiclabeled antibodies is
the excessive accumulation in normal organs such
as liver and the slow clearance of the label from
circulation, To overcoms this, several methods
have been proposed such as splitting up antibodias
into bivalent or monovalent fragments or reducing
te just the hypervariable region (81, administration
of a second anubody (9), pretargeting concept
(10-12), and altering the radiolabeling methods.
Most of investigations have been focused on

improvement J'adiuiabéliqg methods  (13).
Different radionuclides ('"'In, ™ Te, "1 have
been emploved to radiclabel antibodies.  Short

physical half-life of “"™T¢,

radicioding, and sequestration of '"In in

reliculoendothelinl organs particularly the liver,
are disadvantages of these radionuclides (14,15,

Although
aamma

with

21 with  half-life

159 Kev

I3 hr
{B3-85

and single
%) 15 the

radionuclide of choice for most imaging tracer
studies, transportation problems and expense have
limited the use ol

In this study,
polyclonal lgl with Na
available,
Following

widely
radionuclide.
radioiodinated antibodies,

Wa

23 . .
[ radionuclide,

labeled human nonspecific

I!S]

and

. which iz a cheap,
easily
administration

in vive deiodination

detectable

dehaloeenation of

happens. Deiodination increases radioactivity in
blood, stomach, intestine, kidney, and decreases
the target-to-nontarget radicactivity ratios (13).
MAs o shown  in Figures  3-4,  labeled 120G
accumulated in the inflammation site better than
lzbeled leukocytes.  There was  significant
difference  at  definite times  between  the
radicactivity of left and right thigh after injection
of both “1-1gG and "' In-Tropolone leukocytes in
induced inflammartion mice. Following
administration ol labeled leukoeytes, blood levels
were 7-14 tmes lower (P=0.03) relative o those
ol laheled TG, but activity levels in liver, spleen,

of
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and Kidney were higher with respect to the labeled
lgG. Because of the reduced blood levels with

16

inflammatory thigh-to-blood ratios were apparent
at all times, whereas inllammatory thigh-to-liver,

labeled leukocytes at all time points, improved

spleen, and kidney ratios were low,

Table 3: % I1Vg in normal mice at 2, 4, 6, 24, 30, 48 hr post injection of “1!n—trnpnlune leukocytes

(%) percent injected dose per gram tissue,

Orgin 2 hr 2 hr 1 hr 24 hr 30ar 48 hr
Blood 19420185 | 46520498 [ 83440 236 0.A30+0 181 040420132 051240332
Spleen 13 286=0.71 a0 9RED 129 24 5540 136 §.15240.821 621420132 451240332
Liver 3742140945 | 5549410 520 387210815 10120721 52120152 72340 521
Swmach | 0930900618 045220175 0 3520 100 0 306+0 306 0 37450127 040420 175
Inestine | 03700045 1 486=0, 100 0 E26+0 179 059440 206 0.45410.088 03,3270 098
Kidney [0 62740 343 10,3600 196 13,5540 201 9 266210 1187 987720557 70880504 |
Lell thigh 0.62720.174 01.64240.265 0 845£0.023 063520 171 [0.729:+0 093
Right Thigh 04240228 U 66020229 11 8860 024 077300 185
Lung ST R0 508 000 455 2alin 12 - 1. 2660 183

Table 4: % 1Vg in Induced Inflammation Mice at 2,4.6, 4.30.48 hr post injection of ""[n- tropolone leukocytes

[ oman | Imr 4 hr & h i he 0 hr A8 hr
oo 201440 562 1 B30 50 [2R4007T SR 42 1 Al 087
Spleen 1559323 005 I9.IT9L0 959 | 1283720410 | 869+l 286 T 842=0313 ETEE
Livar 2243202 413 4408711 035 3 78420926 77007 325 i (7744 61 T
Sromach D433E0.116 | 029T=0041 | 03T4R0 156 OIETHI O] UEITA0 LT 0 22040 105
“lmestine || 052080126 D847 22 | 047740129 01 59340 [43 070500 143 U3ESHUTE
Kidney B 316 &0 1510+1 870 | 62340617 656502780 | 769242426 2931 47
Lot thigh 0 GA5HI 0T D 6TEH (08 DATIL00TT | D 007 0 78I+ 152
Fight thizh 047240074 [ 53420 084 041920 026 035020 063 0G50 07 033140003
Lung 41 5290850 T340 808 | SA0THD 744 FARGH0 AT 2AR3+] 525 0 #6340 0F1

{%olD)} percent injected dose per gram tissue.

Table 5: Inflammatory (left) thigh-to-normal tissue ratios in inflammation bearing mice after injection
of "FI-1gG and ]l'ln—Trnpnlune-leulmcyteﬁ. a: unmeasured values

2 hr A hr 3 T ETT: EE
. (BN U™ 12y B 123 | i 5 1. 125, . ). L.
Hiigan Leii lew g6 leu oG lex 125 leu gt len leti len
Blood | 00 | 032 | 023 | w4 | 047 | 0% 2] 1se [ose | 1w | osa | 34
Spleen | 0.4 004 | 052 | o7 | ons2 | 29 0l 14 013 21 0.48
Liver | 0.3 002 | 056 | 005 | 13 | 0045 | 27 wiz | 083 | 018 0.7 0.46
Stomach | 0.4 148 | 027 | 228 | 228 14 243 | 3 13 124 | 123 33
Intestine | 057 | 124 | 08I 125 | 315 1.4 a0s | 155 | 176 15 |5 23
Kidiey | 0.34 | 0.098 | 037 | 009 | 0.88 0l 18 | o4 | 085 | oa3 | 019 | 026
.[[%.Ii]'f"‘;‘; 2 136 | 255 | 126 : Lol | 302 | 168 | 342 | 1s4 | 266 | 236
o L : . ! B ] S
Rone | 07 |- | 2o - 3.27 | &% 3% . 0.9 -
Lung I = pols |- 0092 = oLl 34 42 - 0.9
|

Following administration of '“l-leG, levels of PllgG and "In-Tropolone-leukocytes,

activity in most normal tissues, except blood,
were lower compared with the ''In-Tropolone-
leukocytes. On the other hand the ratio aof
inflammatory  thigh-lo-normal  tssues  except
blood were better for labeled gl than labeled
levkocytes. Based on results, inflammation can be
vispalized within 24 and 48 hr afler injection of

respectively, furthermore, inflammation is more
separable than background after injection of *I-
IpG compared with 'In-Tropolone-leukocyies.
Due tw diffusion of lipophilic complex of
Tropolone with ''In into any cell, it s necessary
o isolate leukocvies from whole blood before
labeling. The production is time consuming and
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needs skilled personnel and expensive laboratary
facilitics. In addition, since the procedure is
carried out an the patient's own blood {4) there are
also risks of hepatitis and  acgquired immune
deficiency syndrome (AIDS). Therefore, because

reticuloendothelial - svstem,  hetter  target-to-
background ratio. and simple labeling method
compared 1o labele leukocytes, it is suggested
antibody seintigraphy be more suilable agent than
labeled leukocytes for detection of inflammation

of  better localization of labeled [gG in ina moeuse model.

inflammatory sites, law uptake in
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