Mechanism of Accumulation of 67Ga-citrate into
Inflammatory Lesion
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1. EFER0EHRIzI>LT

FEESEY 100%E LI Ba0BEESR]1 g~
EHEELERD. Z0HE, “Ga OHSEEREIC OV
TRFELL, Lyl, EFRICEALLS v b OKE
#8152~263g L NSV 0 HBDOT, Tk BT
57017, FEN10gDSy ek Xk
L hEELL I,

BHE% 100 g ~EHEL LSS 0HER 1 g ~DOER
¥ (%dose/g) = (1 g ~DEME (%)) x&E/100

2. BMERORME & A m R

R1E"Ga OEMELBE 100g wEH{LL 728
TR L7z, ¥Ga-citrate 280 L 72729 10 2% 0 Mk
2% DMEDS 6.77%dose/g LIEHICKE L, LIEERR
FCRd L7z, 10 B BAEERL, LSRR
BAT2b0E LTI, A, M, R B, L5,
NE, KB, BHLH 5. Zh 5 OEBHBTOYGa
DRERFZE(LIL, T TOYGa D ZFh EFBL TV
50T, IS DEBEBTOGa D EREIZ 12
HBNOMBEFDGa BN KEL{BHE LTV R
bha, Zh s OESRERO S TIX 10 5% ThTERE
28 3.44%dose/g EIEBICKE L, DL TR, L%
DSR E R RBFEIRL 12, FFlg, B TI% 24~48 RERS
BICESERRL, TOMERFhEhi 2.25%dose/g,
1.27%dose/g ThHorz, BEBEL S IBHBELES

Table 1. Tissue distribution of 7Ga in normal rats at various time intervals following intravenous

injection of $7Ga-citrate:

Radioactivity of ’Ga (% dose/g)

Tissue Time after injection of #’Ga-citrate
10 min 60 min 3 hr 24 hr 48 hr 3 day 5 day 7 day 10 day
Blood 6.77£2.03 3.96+£0.70 3.05%0.27 0.31%£0.06 0.12+0.01 0.08+0.02 0.04%0.006 0.04+0.003 0.03%0.004
Skeletal muscle 0.54%0.09 0.47%£0.07 0.38%0.04 0.17£0.03 0.14%0.02 0.14+0.02 0.13+£0.01 0.10£0.03 0.10%0.03
Liver 0.83£0.19 0.83%£0.03 1.65%£0.37 2.24+0.22 2.25+0.38 2.15%0.48 2.10%£0.65 2.07%0.40 1.54%+0.35
Spleen 1.08%0.45 0.80%0.24 1.44%0.25 2.19+0.48 2.45%0.32 2.47%0.27 2.36%£0.54 2.58%0.51 2.51+0.64
Kidney 1.67£0.21 0.97£0.08 1.04£0.13 1.25%0.04 1.270.10 1.20%0.11 1.15%0.17 1.10%0.11 1.01%0.19
Lung 3.44%0.28 1.29+0.29 1.15%0.11 0.44%£0.03 0.35%0.03 0.29%0.03 0.272£0.06 0.26%0.04 0.24%0.03
Stomach 0.97+0.16 0.61£0.08 0.98%£0.29 1.10£0.20 1.58%0.44 1.44%0.33 1.28%0.22 1.06%0.23 0.68£0.10
Pancreas 1.12£0.27 0.40%0.16 0.35£0.05 0.35%£0.03 0.34£0.05 0.27£0.03 0.20£0.02 0.20%0.08 0.13£0.04
Adrenal 1.09£0.27 0.97%0.14 0.94£0.11 0.95%0.14 0.99%0.18 0.81F£0.14 0.80%0.22 0.84+0.18 0.84%0.02
Cardiac muscle 1.68+0.37 0.81%0.11 0.73+0.04 0.37£0.05 0.34£0.03 0.28%0.07 0,25£0.07 0.24%20.04 0.2420.04
Brain 0.09%0.03 0.05%£0.01 0.06%£0.01 0.05%0.01 0.05%0.01 0.04%0.01 0.05%£0.01 0.05%£0.01 0.05%+0.01

Small intestine
Large intestine
Parietal bone
Spinal cord

1.09%£0.3¢4 0.99%0.21
0.90£0.11
0.56£0.05 0.92%x0.12

0.98£0.08 0.72£0.09
0.55£0.07 0.54+0.03 0.53%£0.07 0.51%0.10 0.39£0.04 0.26%0.04
1.22£0.15 2.50£0.06 2.80%0.37 3.12%0.64
0.10%£0.03 0.09£0.02 0.09£0.03 0.09%0.02 0.08::0.01

0.32£0.10 0.26%0.06

).2220.04  0.2620.09 0.28+0.01
0.24%£0.05 0.19%0.02
3.41%10.84 3.62%0.37 4.324+0.45

0.06%£0.01 0.07£0.02 0.07£0.02 0.08+0.02

Values represent the meanS.D. of five animals, These values were normalized to a body weight of 100g.
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Fig.1. Whole body autoradiography in rats with inflammatory lesion. A, 24 hours after i.
v. injection of ’Ga-citrate ; B, 3 hours after i.v. injection of ***I-human serum albumin. a,
inflammatory lesion 5 days after s.c. injection of turpentine ; b, inflammatory lesion 7 days
after s.c. injection of turpentine.
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Fig.2. Relationship between morphological specimens of inflammatory lesion induced with
turpentine and ®’Ga accumulation. ®’Ga concentration was seen at the subcutaneous
tissue infiltrated with neutrophils and macropharges, and was not seen at the site in which
neutrophils was crowded. I, 2 days after injection of turpentine; II, 5 days after

injection of turpentine; IIl, 7 days after injection of turpentine.
A, Macroautoradiography

B, Hematoxylin-eosin staining
C, Sketch illustration
B8 site in which neutrophils were crowded

Subcutaneous tissue infiltrated with neutrophils and macrophages
Subcutaneous tissue

[ Edema
: Site in which ®’Ga was concentrated
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Fig.3. Magnified view of the specimen of II-B in Fig. 2.
Hematoxylin-eosin staining, X 360.

Fig.4. Microautoradiogram of inflammatory lesion 24 hours after ®’Ga-citrate injection.
Hematoxylin staining, X720. Silver grains which indicate *?Ga concentration are mainly
seen at the space among neutrophils and macropharges.
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Table 2. Inflammatory lesion and tissue distribution of $’Ga in rats with inflammatory lesion at various
time intervals following subcutaneous injection of 0.2ml turpentine

Radioactivity of 87Ga (% dose/g)

Tissue Time after injection of turpentine
2 day 3 day 4 day 5 day 7 day 10 day
Blood 0.35%0.06 0.39%0.07 0.39%0.05 0.447%0.09 0.60%0.03 0.30£0.03
Skeletal muscle 0.14%0.02 0.16+0.03 0.18%0.02 0.260.04 0.23£0.02 0.25%0.04
Liver 2.26%0.13 2.7610.25 2.85%0.73 2.45%0.28 2.92£0.22 2.69%+0.52
Spleen 2.841+0.68 3.31%0.32 3.23%£0.72 2.93%£0.13 3.20%0.36 3.241+0.35
Kidney 1.80%+0.17 1.69:0.08 1.27+0.10 1.36%+0.07 1.66%0.17 1.32%0.06
Lung 0.49%0.06 0.59+0.04 0.51%0.08 0.55£0.03 0.71£0.08 0.48£0.04
Stomach 1.87%0.34 1.72%+0.27 1.3240.25 1.45%0.33 2.48+0.37 1.86%0.32
Pancreas 0.45%0.11 0.64%0.11 0.63+0.17 0.81%=0.14 0.98+0.08 0.40%0.05
Parietal bone 2.10+0.19 1.90%0.31 1.93%£0.34 2.27%0.19 1.87%0.30 2.46%0.18
Cardiac muscle 0.38£0.03 0.44+0.05 0.34£0.01 0.40%0.04 0.45%0.03 0.41%0.03
Brain 0.08£0.01 0.09+0.01 0.07£0.01 0.07£0.01 0.08%£0.01 0.08%£0.01
Thymus 0.16%0.09 0.33+0.16 0.34%0.19 1.71+0.44 1.29%0.46 0.77%0.34
Small intestine 1.00%0.20 0.98+0.33 0.68%0.23 0.88+0.24 0.77%0.16 0.58+0.16
Inflammatory lesion 2.20%0.18 3.09+0.30 3.22%+0.57 4.39%0.60 4.45+0.87 1.88%0.23

Rats were sacrificed 24 hours after administration of 6’Ga-citrate. Values represent the mean+S8.D. of
five animals. These values were normalized to a body weight of 100g.

Table 3. Inflammatory lesion-organ concentration ratios of 8Ga in rats with inflammatory lesion at various
time intervals following subcutaneous injection of 0.2ml turpentine

Time after Inflammatory lesion-organ concentration ratio of “Ga
injection of -
turpentine Inflammatory Inflammatory lesion Inflammatory Inflammatory Inflammatory Inflammatory Inflammatory Inflammatory lesion
(day) lesion/Blood  /Skeletal muscle lesion/Liver lesion/Spleen lesion/Kidney lesion/Bone  lesion/Lung /Small intestine
2 6.4%x1.0 15.9%+1.9 1.0%0.1 0.9%0.3 1.240.2 1.1x0.1 4.620.5 2.2%0.3
3 8.1x1.7 19.8%2.9 1.1%0.2 0.9%0.2 1.840.2 1.7£0.4 5.3%0.8 3.7%1.9
4 8.5%2.4 18.3£2.3 1.2%0.2 1.0%0.2 2.6x0.6 1.7%€0.4 6.5£1.7 5.0+1.2
5 10.4£3.7 17.1%0.6 1.8£0.3 1.5%0.3 3.2%0.6 1.9%0.2 8.1t1.5 5.1£0.6
7 7.4%1.8 19.6+2.7 1.5%0.3 1.3+0.2 2.7£0.5 2.320.4 6.4%1.7 5.5%2.1
10 6.2%0.5 7.2%1.1 0.7+0.2 0,7%0.3 1.4%0.2 0.7%0.1 3.710.7 4.3%£2.7

Values represent the mean+S.D. of five animals. Inflammatory lesion-organ concentration ratios of §7Ga were calculated by dividing

the value of inflammatory lesion by that of each organ in Table 2.
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Table4. Inflammatory lesion and tissue distribution of 8’Ga in rats with inflammatory lesion at
various time intervals following intravenous injection of ¢’Ga-citrate
Radioactivity of *'Ga (% dose/g)
Tissue Time after injection of ¥7Ga-citrate
10 min 60 min 3 hr 24 hr 48 hr 3 day 4 day 6 day

Blood T.06£0.30 3.32£0.31 2.620.12 0.4520.03 0.1220.02 0.09£0.004 0.07£0.004 0.05£0.01
Skeletal muscle  0.37£0.06 0.53£0.08 0.49£0,08 0.24£0.02 0.22£0.06 0.28%0.04 0.15%0.03 0.17£0.02
Liver 0.8910.14 0.8320.04 1.19%0.15 2.18%£0.23 2.50£0.33 2.64£0.30 2.92£0.20 2.91£0.39
Spleen 1.24£0.29 0.9720.24 1.53%0.22 2.20%0.35 3.1620.72 3.14%0.57 3.71+0.64 4.19%0.19
Kidney 1.43£0.10 0.71£0.12 0.97£0.08 1.31%0.11 1[.3720.08 1.50%0.06 1.1220.12 1.42£0.20
Lung 2.1420.08 1.26%0.16 1.01%£0.17 0.47£0.03 0.3620.03 0.54%0.04 0.4620.05 0.46%0.06
Stomach 0.81£0.14 0.76£0.18 1.1820.21 2.04£0.44 2.31£0.2]1 1.86%0.17 1.57£0.32 1.90%0.59
Pancreas 1.01£0.10 0.72£0.11 0.63£0.10 0.56£0.10 0.6420.06 0.43%£0.08 0.60£0.15 0.54+0.18
Parietal bone 0.44£0.06 0.75£0.08 1.27£0.11 2.68+0.17 2.70£0.12 2.25%0.25 2.37+0.13 3.18%0.15
Cardiac muscle  1.55£0.18 0.84£0.13 0.80£0.04 0.39%0.02 0.34£0.04 0.38%0.03 0.30%0.03 0.34£0.03
Brain S0.11£0.01 0.06£0.01 0.08%£0.01 0.06£0.01 0.0620.01 0.09£0.01 0.07+£0.02 0.0720.01
Thymus 0.47+0,09 0.54£0.04 0.81%0.17 0.85%0.11 0.93:£0.11 1.05%0.38 1.01%0.42 1.00%0.31
Small intestine  0.94£0.12 0.84£0.07 0.80%0.08 0.60£0.07 0.45%0.12 0.53%0.14 0.54%0.11 0.53+0.08
Inflammatory lesion  0.92+0.11 1.31%0.18 2.36%0.31 3.36%0.14 4.62£0.7]1 5.61%0.51 6.60%1.23 8.14%9.71

Values represent the mean+S.D. of five animals. These values were normalized te a body weight of 100g.

Table 5. Inflammatory lesion-organ concentration ratios of ®’Ga in rats with inflammatory lesion at various
time intervals following intravenous injection of §’Ga-citrate

Time after

Inflammatory lesion-organ concentration ratio

injection of

Inflammatory Inflammatory lesion Inflammatory Inflammatory  Inflammatory

Inflammatory Inflammatory Inflammatory lesion

*"Ga-citrate |esion/Blood  /Skeletal muscle  lesion/Liver  lesion/Spleen lesion/Kidney lesion/Bone lesion/Lung /Small intestine
10 min 0.1%0.02 2.8%0.3 1.0x0.1 0.8%0.1 0.7x0.1 2.1£0.3 0.4%0.1 Loto2
60 min 0.4%0.1 2.5%0.5 1.6%0.2 1.4£0.6 1.9%0.4 1.7x0.2 2.4%0.6 1.5£0.3
3hr 0.9%+0.2 4.9%0.6 2,010.4 1.5+0.2 2.5%0.5 1.9%0.2 24506 3.0t0.3
24 hr 7.6T0.6 14.2%0.7 1.6%0.2 1.51£0.3 2.6%0.2 1.8%0.1 7.2%0.7 5.7x0.7
2 day 37.7x£3.6 22.4£5.9 1.820.6 1.5£0.5 3.4%0.5 1.720.3 13.0%1.3 9.9%2.1
3 day 59.9T6.4 20.6£3.4 2.220.3 1.920.4 3.8%0.4 2.5%0.2 lo4x1.4 11.5%4.5
4 day 92.1+11.5 46.7£16.7 2.4%0.3 1.8%0.4 4.7%1.1 2.8%0.4 14.5%2.4 12.8£3.7
6 day 184.1%60.1 48.0£14.9 2.9%1.2 2.0£0.7 5.7x2.0 2.6X0.9 18.1%£6.9 15.2%£3.6

Values represent the mean+S.D. of five animals. Inflammatory lesion-organ concentration ratios of #Ga were calculated by dividing
the value of inflammatory lesion by that of each organ inTable 4.
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Table 6. Inflammatory lesion and tissue distribu- 100
tion of ®!Cr-RBC in rats with inflam-
matory lesion at one hour after intrave-
nous injection of 3Cr-RBC
. . 80
oS
Blood 16.5%0.9 o
Skeletal muscle 0.07%0.01 -
Liver 0.98%0.19 5:
Spleen 4.51%0.99 M
Kidney 1.01£0.15 :
Lung 2.14%0.35 .
Stomach 0.20%£0.06 :::
Pancreas 0.2240.02 N
Parietal bone 0.12£0.02
Cardiac muscle 0.54%0.07 (] 2he 12 3 4 Sday
Brain O' llio()l Time after i.v. injection
Thymus 0.07:£0.01 Fig.5. Time course of the uptake rates of *Ga-
Inflammatory lesion 0.06+0.002 citrate, *'I-human serum albumin and ®'Cr-rat
Values represent the mean=S.D. of five animals. ;ed blf’Od cell in inflammatory lesion. @-—9,
These values were normalized to a body weight Ga-citrate ; O--- O, *'I-human serum albumin;
of 100g. A, 5'Cr-rat red blood cell. Values represent the

% Sixty minutes after injection of 5:Cr-RBC. mean+SD of five animals.

Table 7. Inflammatory lesion and tissue distribution of BILHSA in rats with inflammatory lesion at various
time intervals following intravenous injection of '3!I-HSA

Radioactivity of '3'I-HSA (% dose/g)

Tissue Time after injection of '31-HSA
10 min 60 min 3 hr 24 hr 48 hr 3 day 4 day 6 day
Blood 10.73+0.67 8.41%£0.55 5.90%0.34 1.2120.12 0.39£0.04 0.17£0.02  0.09£0.01 0,02 £0.004
Skeletal muscle  0.13%0.02 0.17£0.02 0.18%0.02 0.12£0.01 0.05£0.004  0.02£0.004 0.01£0.002 0.005£0.001
Liver 2.39+0.16 1.37%0.09 0.93%£0.10 0.21£0.03 0.09£0.01 0.06£0.01  0.05£0.01 0.03 £0.003
Spleen 2.24+0.18 1.52+0.13 1.02%0.11 0.24+0.02 0.10%0.01 0.05%0.004 0.03£0.005 0.02 £0.002
Kidney 4.1310.48 2.29%0.18 1.48+0.12 0.39%0.05 0.18%+0.01 0.12£0.01  0.10£0.002 0.07 £0.003
Lung 1.88%0.33 2.80%£0.62 1.64£0.11 0.40£0.05 0.15£0.02  0.07+0.01 .04 £0.003 0.01 £0.002
Stomach 0.35+0.04 0.86%0.22 1.63%0.15 0.34%£0.05 0.13%0.03 0.05£0.01  0.04%0.004 0.01 x0.001
Pancreas 0.49+0.04 0.63£0.07 0.57£0.08 0.20%£0.03 0.07+0.01 0.03%0.003 0.02£0.001 0.01 Xo.002
Parietal bone 0.3240.05 0.33+0.06 0.33£0.05 0.10£0.01 0.04£0.006 0.04£0.003 0.0310.002 0.02 0.001
Cardiac muscle 0.99%0.04 1.1620.07 0.99£0.07 0.24+0.03 0.08£0.01 0.04£0.002 0.02£0.003 0.01 x0.001
Brain 0.14£0.02 0.13£0.01 0.09£0.01 0.02£0.002 0.01F0.001  0.004:£0.001 0.004£0.0004 0,002£0, 0004
Thymus 0.17£0.02 0.20%0.01 0.30£0.03 0.11£0.01 0.04£0.003  0.0220.004 0.01%0.001 0,004 20,001
Small intestine  0.58%0.07 0.93%£0.17 1.05£0.17 0.31£0.06 0.10£0.02 0.05F0.01  0.02 10,003 0.01 o001
Inflammatory lesion 0.59£0.16 1.32%0.24 1.34£0.33 0.83%0.10 0.38+0.02 0.1510.02  0.07 to.ul 0.03 10,004

Values represent the mean£S.D. of five animals. These values were normalized to a body weight of 100g.
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Table 8. Permeability index of “'I-HSA from
blood vessel into tissues at various time
intervals following intravenous injection
of ¥ 1.HSA

Permeability index
Tissue

Time after injection of *!I-HSA
10 min 60 min 3 hr 24 hr

Inflammatory lesion 14.5 44 .5 86.6 207
Skeletal muscle 1.8 3.6 5.9 23

Liver 2.8 1.7 1.6 1.8
Kidney 5.3 3.4 3.1 4.3
Lung 0.4 0.6 1.1 1.5

Cardiac muscle 1.8 3.2 4.1 5.0
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Table 9. Subcellular distribution of 67Ga in inflammatory lesion at various time intervals follow-

ing intravenous injection of #’Ga-citrate

Subcellular distribution (%) of 7Ga

Time after
L‘Qg;egté?t‘; a(x)tfe Nuclear Mitochondrial Microsomal Supernatant
fraction fraction fraction fraction
10 min 5.1 3.8 4.7 86.4
60 min 10.7 5.9 3.9 79.5
3 hr 11.2 15.3 7.7 65.8
24 hr 14.0 18.9 10.0 57.1
48 hr 12.7 19.7 14.7 52.9

Each value is expressed as a mean of three experiments.

Table 10. Relations between incubation time and
elution rates of ®Ga in each peak of
Sephadex G-100 chromatography

Elution rate of 87Ga (%)

Incubation
time 1st peak 2nd peak 3rd peak
12 hr 13.7 13.6 57.6
14.4 11.3 57.8
36 hr 5.9 12.0 68.9
5.5 12.8 65.1
60 hr 3.1 12.6 65.2
3.8 11.9 66.3

Two experiments were carried out for each
incubation time.
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Fig. 6. Sephadex G-100 column chromatography
profiles of inflammatory tissue digested with
Pronase E at 37°C for 60 hours.
®—@®, radioactivity (*’Ga); ®—m, radioactivi-
ty (**S); &--A, uronic acids concentration
(Orcinol method); ©---0O, proteins concentration
(Lowry’s method) ; o—0o, sialic acids concentra-
tion (Thiobarbituric acid method).
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Table 11. Elution rates of %S (sulfated acid mucopolysaccharides) on anion-exchange resin (Dowex

1-X2) column

Concentration 05 | o5 s 20 3 0 ‘0 5 0
of NaCl (M) i ‘ ' ' ' : ‘
Elution rate 0.6 46.6 21.0 10.5 3.0 1.1 1.5
of BS (%) . . . . . . .
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Fig. 7. Sephadex G-50 column chromatography profiles of samples treated with chondroiti-

nase ABC or keratanase, and the untreated controls.

a, sample treated with chondroiti-

nase ABC; b, control, not treated with chondroitinase ABC; ¢, sample treated with

keratanase ; d, control, not treated with keratanase.

®— @, radioactivity (¥Ga); O---0O,

uronic acids concentration (Orcinol method); 0--- 0, neutral saccharides concentration

(Anthrone method).
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Fig.8. Sephadex G-50 column chromatography profiles of samples treated with hepariti-
nase or heparinase, and untreated controls. a, sample treated with heparitinase; b,
control, not treated with heparitinase ; ¢, sample treated with heparinase ; d, control, not
treated with heparinase. ©®—@®, radioactivity (¥’Ga) ; O---O, uronic acids concentration

(Orcinol method).
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Fig.9. Sephadex G-100 column chromatography
profiles of the samples treated and untreated
with TCA. a, treated with TCA ; b, not treated
with TCA. ®—#, radioactivity (¥’Ga); A--4A,
uronic acids concentration {Orcinol method);
0---0,proteins concentration (Lowry’s method).
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Abstract

This study was undertaken to investigate the mechanism of accumulation of 67Ga in the
inflammatory lesion. Inflammatory lesion was induced in rats according to the method of
subcutaneous injection of turpentine. 67 Ga-citrate was injected intravenously to the rat, and the
uptake rates of 67Ga into the lesion and normal tissues were assayed to investigate the relation
between the uptake rate and the time after subcutaneous injection of turpentine. The rats with
induced inflammation were administered with 67 Ga-citrate and the distribution of ¢7Ga was
examined by macro and micro autoradiographies in the lesion as well as whole body autoradio-
graphy.

Capillary permeability of the lesion and normal tissues were determined by using S1Cr-red
blood cell and 3! I-human serum albumin. In addition, ®7 Ga binding substance in the inflam-
matory lesion was investigated by biochemical procedure.

The uptake rate of 67Ga in the inflammatory lesion was increased with time after injection of
turpentine and reached a plateau five days later, and at this time the rate for the lesion was larger
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than those for any other tissues. From the observation by autoradiography, it was revealed that
67Ga was avidly accumulated corresponding to the subcutaneous tissue infiltrated with neutro-
phils and macrophages, and this nuclide was concentrated intercellularly around these cells. And
it became clear from biochemical study that ¢7 Ga was bound to the acid mucopolysaccharide
(keratan polysulfate,etc.)in the lesion. On the other hand, capillary permeability in this lesion was
much greater than that of normal tissues. )

Based on the present results, mechanisms of ®”Ga uptake into inflammatory lesion are con-
cluded as follows: accumulation of 7 Ga in the inflammatory lesion is primarily due to leakage
of ®7Ga into the subcutaneous tissue infiltrated with neutrophils and macrophages through
capillaries with increased permeability. In the inflammatory lesion, 57Ga is preferentially bound
to the acid mucopolysaccharides (keratan polysulfate, etc.) which compose intercellular sub-
stances.



