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bstract

Rhenium-188 labeled tin (Sn) microparticles were developed for pain palliation therapy in the patients suffering from synovitis with acute pain.
he rhenium tin microparticles were prepared using stannous chloride and freshly eluted 188ReO4

− from 188W/188Re generator. The aggregated
olloidal particles, packed in a spherical form after boiling for 90–120 min were analyzed using electron microscope. The size, surface morphology
nd stability of microparticles were analyzed by changing temperature and volume conditions. The small colloidal particles clustered and formed
pherical microparticles. The 90% of microparticles were in 5–10 �m range, after 90 min and 120 min of boiling. The radiolabeling efficiency

as improved to 98% after centrifugation for 10 min at 3500 rpm. The formulations were stable but the increase in volume had inverse effect on

abeling efficiency. No leak was observed from knee area up to 24 h with 15–20 mCi injection of 188Re–Sn microparticles. The relief in treated
atients, from the pain and inflammation, was observed clinically and by 99mTc-MDP perfusion scan.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Synovitis is the inflammation and damage of innermost layer
f the joint capsule. The inflammation leads to the development
f a proliferating and infiltrating granulation tissue (pannus),
esulting in progressive destruction of articular cartilage and
nally of the whole joint, that causes a long suffering of pain
nd subsequently leads to deformities and disability. In cases
f rheumatoid arthritis, the synovitis is caused by an autoim-
une response. However, the mechanical stress and abrasion of

artilage or bone are the main reasons for associated synovial
nflammation in severe osteoarthritis.

In many cases, conventional long-term treatment with var-
ous combinations of drugs can bring relief, but many joints
eed additional local therapy. In some cases, surgery is required.
he surgical removal of an inflamed synovial membrane is
n invasive approach and needs hospitalization. Chemical syn-
vectomy could be performed by intra-articular application of

nti-inflammatory and antiproliferative substances. Initially in
950s, the highly toxic agents like osmic acid, alkylating sub-
tances like nitrogen mustards, methotrexate and cobra venom
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ere used but were then abandoned because of possible joint tis-
ue damage (Dahmen, 1971; VonReis and Swensson, 1951). The
ntra-articular corticosteroid injections are the widespread ther-
peutic approach for local treatment of synovitis (Hollander et
l., 1951). However, these compounds decrease the synthesis of
mportant extracellular matrix components (Fubini et al., 2001;
obion et al., 2001) and progressive cell death (Barrueco et
l., 1993; Podbielski and Raiss, 1986). Moreover, intra-articular
teroids may also exert systemic toxicity (Behrens et al., 1976).

The radionuclides are used effectively to control the inflam-
atory process of the synovial membrane and are indicated as

n alternative therapy to early surgical synovectomy (Knapp
t al., 1998; Sledge, 1979). Rheumatoid arthritis is the main
ndication, however, many joints having activated arthrosis with
ynovial inflammation can also be treated successfully. After
areful evaluation and diagnosis, a small amount of radioisotope
s injected into the joint in the same manner as cortisone. These
adioisotopes emit beta rays which penetrate only from fraction
f a millimeter to a few millimeters and destroy the inflamma-
ory tissue, and thus, reduce swelling and pain. In many cases, if
pplied in relatively early stage, complete restoration of the joint

s possible. Such radionuclides when attached to colloids and on
eaching the joint cavity are recognized as foreign bodies by the
pper most cellular layer of the synovial membrane and are taken
p by type-A-synoviocytes, the phagocyte cells (Isomaeki et al.,

mailto:guru47@gmail.com
dx.doi.org/10.1016/j.ijpharm.2007.01.014
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972; Webb et al., 1969). Due to the selective radiation of the
ynovial membrane, there is necrosis of the cells and reduction
n the inflammatory cellular proliferation (Menkes, 1979). The
adionuclides are injected intra-articularly as colloidal solution,
ind to citrate, sulphide, ferric hydroxide and other carriers. The
tudies suggest that larger particles (5–15 �m) retain for longer
uration of time in the joints (Noble et al., 1983; Sledge et al.,
977).

Rhenium-188 is an attractive radionuclide for radiosynovec-
omy because of its suitable chemistry, t1/2 = 16.9 h and average
eta energy of 776 keV (Emax = 2.11 MeV, 79%) (Wang et al.,
995). These properties enable knee treatment due to its maximal
issue penetration of 11 mm, and its mean range of 3.8 mm.

. Materials and methods

Dihydrated SnCl2 and Ascorbic acid was purchased from
igma–Aldrich, 188Re was obtained from an alumina-based
88W–188Re generator from Oak Ridge National Laboratory.
ther reagents were of analytical grade.

.1. Preparation and radiolabeling

The 188Re–Sn microparticles were prepared by the method
escribed by Lee et al. (2003) with some modifications. HCl
0.1N, 2.0 ml) was added in 25 mg SnCl2·2H2O and 10 mg ascor-
ic acid was added in it. The solution was divided into five
qual parts in separate vials and the vials were sealed prop-
rly. Freshly eluted 188ReO4

− (perrhenate) with saline, from an
lumina-based 188W/188Re-generator, was added in each of the
nCl2·2H2O containing vials. Solutions were boiled for 0 min,
0 min, 60 min, 90 min and 120 min, respectively. The formu-
ations were prepared by changing reaction volumes, amount
f radioactivity and heating time. 188Re–Sn microparticles were
eutralized by adding a 0.2 M sodium phosphate buffer (pH 8.0).
he microparticles were centrifuged for 10 min at 3500 rpm.
upernatant was removed to get rid of free perrhenate. The
ellets of 188Re–Sn microparticles were resuspended in physio-
ogical saline (0.9% saline). All the experiments were performed
n triplets.

.2. Characterization

The radioactivity, in supernatant and precipitate, was mea-
ured with the help of well counter (Berthold Well Type Counter,
B-2040). Stability of 188Re–Sn microparticles was assessed

n normal saline solution. Radiolabeling efficiency was deter-
ined by chromatography (ITLC-SG/normal saline plates) and

adioactivity was monitored using a TLC scanner (AR 2000,
ioscan Imaging Scanner System). The batches of 188Re–Sn
icroparticles were kept at room temperature for 24 h and

8 h after labeling and stability was evaluated by Chromatogra-
hy, ITLC-SG/normal saline. All the samples of microparticles,

ithout heating, 30 min, 60 min, 90 min and 120 min after heat-

ng, were visualized under scanning microscope and the sizes
ere determined using Lieca Q-win software programme after
ecay.

i
o
(

Pharmaceutics 338 (2007) 43–47

.3. Patient studies

Patients were selected on the basis of elevated blood-pool
attern in a pre-therapeutic three-phase 99mTc-MDP-bone scan
nd having clinical history of knee joint pain. Proper ethi-
al clearance from the institutional review board for using
88Re–Sn microparticles and written consent from the patients
ere obtained. The 99mTc-MDP images were taken using duel
ead BG Millennium SPECT gamma camera. A passive move-
ent of the joint was performed after injecting 15–20 mCi, as

rescribed by Lee et al. (2003), of 188Re–Sn microparticles (size
–10 �m) to achieve a homogenous intra-articular distribution
f the radionuclide and the joint was strictly immobilized for 48 h
o prevent any significant leakage of radionuclide into venous or
ymphatic vessels. In joints treated with 188Re–Sn microparticles
γ = 155 keV) a distribution scan was acquired with a gamma-
amera system, after injection and after 24 h after injection,
o verify successful intra-articular injection and to observe the
eakage.

. Results

.1. Morphology and size distribution

It was observed that as soon as the HCl was added in SnCl2,
he small spherical colloidal particles of ≤1 �m were formed
Fig. 1a). As the heating was progressed at 100 ◦C, the col-
oidal particles clustered and formed spherical microparticles.
t 30 min, the microparticles prepared were of ≤3.0 �m in size

Fig. 1b). After 60 min of boiling, the spherical microparticles
ere within 3–5 �m range. However, after 90 min and 120 min
f heating, most of the microparticles were of 5–10 �m size
Fig. 1c). After centrifugation at 3500 rpm for 10 min of the
ormulation (after 90 min heating), the 98–99% of the micropar-
icles were within 5–10 �m range (Fig. 1c).

.2. Labeling efficiency and stability

Labeling efficiencies of all batches were determined. The
abeling efficiency of microparticles formed at room tempera-
ure was approximately 30%. After boiling 30 min, the labeling
fficiency was less than 50%; rest of the perrhenate (ReO4

−)
as present in the supernatant. After 60 min, the labeling effi-

iency was more than 90%. After 90 min and 120 min of boiling,
abeling efficiencies were more than 95% and reached up to
8–99% after centrifugation (Fig. 2). The free 188Re was moved
o the solvent-front and the colloidal and 188Re–Sn microparti-
les remained at the origin in this condition. There was no change
n labeling efficiencies of microparticles just after preparation
nd after 48 h at room temperature and at 37 ◦C.

.3. Effect of volume
It was observed that increase in volume of perrhenate (eluted
n saline solution) with the amount of SnCl2 had inverse effect
n labeling efficiency (Fig. 3). For single patient preparation
10 mg SnCl2), the volume studied was 2.0–7.0 ml, 98% label-
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All batches of 188Re–Sn microparticles, prepared by boiling
for different times, were analyzed for stability and size- range.
ig. 1. (a) 188Re–Sn microparticles (without heating), (b) 188Re–Sn micropartic
88Re–Sn microparticles (after 90 min of heating and centrifugation).

ng efficiency was achieved with 2–3 ml volume. For four to
ve patients dose (40–50 mg SnCl2) the volume range stud-

ed was 4.0–10 ml, 98% labeling efficiency was achieved by
.5–5.0 ml and for eight patients dose (70–80 mg SnCl2), the

olume range studied was 6.0–16 ml but 7–8 ml was observed
o be optimal with good labeling efficiency. Labeling effi-
iencies were not altered even 48 h after the preparation of
ormulations.

ig. 2. Effect of heating on size-distribution and labeling efficiencies (%) of
88Re–Sn microparticles.

I

F
t

fter 60 min heating), (c) 188Re–Sn microparticles (after 90 min heating) and (d)

.4. Effect of boiling time
t was observed, in our set of experiments, that boiling time had

ig. 3. Effect of volume of 188Re-perrhenate on %yields of 188Re–Sn micropar-
icles.
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Fig. 4. 188Re–Sn-microparticle di

nfluence on both, radioactivity tagged to microparticles and the
ize of microparticles. The 188Re–Sn particles-size was deter-
ined by scanning electron microscope for each batch and the

istribution of the activity was plotted as a function of particle
ize grouped according to boiling time for microparticles prepa-
ation (<1.0 �m, 1.0–3.0 �m, 3.0–5.0 �m and 5.0–10.0 �m), as
hown in Fig. 2. It had been observed that more than 90% of the
adioactivity was found in particles bigger than 5 �m. The par-
icle size distribution and labeling efficiencies were altered by
ncreasing the heating time (60 min and 90 min), however, these
roperties remained unaltered even after heating for 120 min
Fig. 2).

.5. Patient studies

All the patients showed good intra-articular injection in dis-
ribution scan of 188Re–Sn microparticles with no visual leakage
ut side of the knee joint (Fig. 4). Same distribution pattern was
bserved even after 24 h. Patients were clinically evaluated after
months, 6 months and 12 months after treatment by compar-

ng pre and post treatment 99mTc-MDP bone scans. The clinical
utcome was assessed on the basis of pain relief, improvement
n joint swelling, use of analgesic and improvement in mobility.
mprovement was observed clinically after 1 month follow up
nd also by perfusion scans.

. Discussion

Jeong et al. (2000) demonstrated that 10 mg/ml stannous
hloride was necessary to radiolabel 188Re–tin-colloid. In our
tudies, 10 mg was sufficient for one patient dose with good
abeling efficiency (>95%), however, volume could vary up to
ml. The radiopharmaceutical particle size must be smaller
nough to be engulfed by the superficial cells of the synovium but
hould be large enough to impede the fast biological clearance
rom articulation (Eduardo et al., 2004; Lee et al., 2003). The
ptimum size-range for the therapeutic application was reported
etween 2 and 10 �m (Johnson and Christian, 1967). The biggest
ctivity loss from the particles of less than 2 �m was possible
ue to leakage from the joints which could cause extra radiation

urden to the body organs especially to the liver and the bigger
articles (>15 �m) would not be taken by superficial cells of the
ynovium for required therapeutic effect. But the sizes 5–15 �m
ere suggested for longer retention in the knee joints (Noble et

a
1
t
s

tion scan of knee joint after 24 h.

l., 1983, Sledge et al., 1977). In our studies, more than 80% of
he microparticles were of 5–10 �m. Moreover, 90 min of heat-
ng at 100 ◦C gave the good labeling efficiency (more than 90%).
he yield of radiolabeled microparticles was further increased

o 95–98% after centrifugation of formulations at 3500 rpm
or 10 min. The unlabeled 188ReO4

−, being water-soluble, was
emoved with supernatant. Our studies demonstrated compara-
ive quick, efficient and in-house method of preparing 188Re–Sn

icroparticles. In contrary to earlier findings (Ures et al., 2002),
ur modified aseptic synthesis method demonstrated that par-
icle size and activity distribution in the microparticles were
ffected by heating time. The labeling efficiency was increased
rom 50% to 98% by increasing the heating time. The small
olloidal particles clustered to form bigger spherical micropar-
icles as the heating progressed up to 90 min and led to the more
ctivity deposition onto the big microparticles (Fig. 1a–d). The
reatment was by intra-articular injections and the distribution
can of 188Re–Sn microparticles showed no visual leakage out
ide of the knee joint. The treatment was safe for the patients.

The safety and feasibility of 188Re-microspheres had been
onfirmed in rabbit knee joints (Wang et al., 1998) and the effec-
iveness of 188Re–sulphide was also demonstrated in knee joints
ith hemophilic arthritis (Li et al., 2004). But 188Re–Sn colloid
as demonstrated as well tolerated with significant improve-
ent in patients with rheumatoid arthritis (Lee et al., 2003).
oreover, 188Re–Sn colloid had higher labeling efficiency, con-

rol of particle size and greater retention in the knee joint as
ompared to other radiopharmaceuticals (Jeong et al., 2000).
he kinetic energy of the �-particles (Re-188) impart within
1 mm (mean = 3.8 mm) of the synovial tissue. The bio-physical
esults of this interaction between radiation and tissue is com-
rised of excitation and ionization of the different atoms and
olecules inside the tissue. Additional reactive particles are

roduced by the generation of secondary electrons, the so-
alled shower effect (Johnson and Yanch, 1991) and lead to
igher effectiveness of radiosynovectomy as compared to anti-
nflammatory or antiproliferative drugs. The biological effects
nside the irradiated tissues are due to direct interactions and
rising from highly reactive secondary oxygen radicals resulting
n the destruction of cellular membranes by lipid peroxidation

nd reducing the inflammatory pannus tissue (Pavelka et al.,
975). The development of fibrous tissue, with decreased secre-
ory activity, by superficial capillaries of the synovial membrane
ignificantly reduces the pain (Kerschbaumer et al., 1998). Our
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tudies showed greater retention of injected 188Re–Sn micropar-
icles in the knee joints and good therapeutic outcome in the
reated patients.

. Conclusion

The particles of 5–10 �m are optimum for phagocytosis and
etention in the joint area for longer duration. Moreover, small
mount of activity is sufficient for the desired outcome. The
88Re–Sn microparticles are useful for the pain relief in patients
uffering from synovitis with low absorbed dose in the patient’s
hole body.

eferences

arrueco, J.L., Gazquez, A., Redondo, E., Regodon, S., 1993. Changes in the
coxofemoral articular cartilage in Wistar rats after systemic administration
of corticoids. Anat. Anz. 175, 47–51.

ehrens, F., Shepard, N., Mitchell, N., 1976. Metabolic recovery of articular
cartilage after intra-articular injections of gluco-corticoid. J. Bone Joint Surg.
58A, 1157–1160.

ahmen, G., 1971. Possibilities and dangers of chemical synovectomy. Hip-
pokrates 42, 251–252.

duardo, S., Maria, C.U., Patricia, Z.V., Trindade, A.D., Virginia, M., Antonio,
M., Marcelo, F., Javier, G., 2004. Re-188 radiopharmaceuticals for radio-
synovectomy: evaluation and comparison of tin colloid, hydroxyapatite and
tin- ferric hydroxide macro-aggregates. BMC Nucl. Med. 4, 1–10.

ubini, S.L., Todhunter, R.J., Burton-Wurster, N., Vernier-Singer, M., MacLeod,
J.N., 2001. Corticosteroids alter the differentiated phenotype of articular
chondrocytes. J. Orthop. Res. 19, 688–695.

ollander, J.L., Brown, E.M., Jessar, R.A., Brown, C.Y., 1951. Hydrocor-
tisone and cortisone injected into arthritis joints: comparative effects of
and use of hydrocortisone as a local anesthetic agent. JAMA 147, 1629–
1635.

somaeki, A.M., Inouhe, H., Oka, M., 1972. Uptake of 90 Y resin colloid
by synovial fluid cells and synovial membrane in rheumatoid arthritis.
A radioautographic and electron microscopic study. Scand. J. Rheum. 1,
53–60.

eong, J.M., Lee, Y.J., Kim, Y.J., Chang, Y.S., Lee, D.S., Chung, J.-K., Song,
Y.W., Lee, M.C., 2000. Preparation of rhenium-188-tin colloid as a radiation
synovectomy agent and comparison with rhenium-188- sulfur colloid. Appl.

Radiat. Isotopes 52, 851–855.

ohnson, P.M., Christian, C.C., 1967. Colloidal chromic phosphate P-32 for
treatment of chronic synovial effusions. J. Nucl. Med. 8, 274.

ohnson, L.S., Yanch, J.C., 1991. Absorbed dose profiles for radionuclides of
frequent use in radiation synovectomy. Arthritis Rheum. 34, 1521–1530.

W

Pharmaceutics 338 (2007) 43–47 47

erschbaumer, F., Kandziora, F., Herresthal, J., Hertel, A., Hoer, G., 1998.
Combined arthroscopic and radiation synovectomy in rheumatoid arthritis.
Orthopedics 27, 188–196.

napp F.F.Jr., Mirzadeh, S., Beets, A.L., O’Doherty, M., Blower, P.J., Verdera,
E.S., Gaudiano, J.P., Kropp, J., Guhlke, H., Palmedo, H., Biersack, H.J.,
1998. Reactor-produced radioisotopes from ORNL for bone pain palliation.
Appl. Radiat. Isotopes 49, 309–315.

ee, E.B., Shim, K.C., Lee, Y.J., Cheon, G.J., Jeong, J.M., Song, Y.W., 2003.
188Re-colloid as a new therapeutic agent for rheumatoid arthritis. Nucl.
Med. Commun. 24, 689–696.

i, P., Chen, G., Zhang, H., Shen, Z., 2004. Radiation synovectomy by Re-
sulphide in hemophilic synovitis. Haemophilia 10, 422–427.

enkes, C.J., 1979. Radio-isotope synoviorthesis in rheumatoid arthritis.
Rheumatol. Rehabil., 45–46.

oble, J., Jones, A.G., Davis, M.A., Sledge, C.B., Kramer, R.I., Livini, E., 1983.
Leakage of radioactive particle systems from a synovial joint studied with a
gamma camera. Its application to radiation synovectomy. J. Bone Joint Surg.
Am. 65, 381–389.

avelka, K., Meier-Ruge, W., Mueller, W., Fridrich, R., 1975. Histological study
of effects of colloidal 90-Yttrium on knee joint tissues of rabbits. Ann.
Rheum. Dis. 34, 64–69.

odbielski, A., Raiss, R., 1986. Dose related effects of dexamethasone treat-
ment on the ultra structure of articular cartilage in rats. Agents Actions 17,
322–324.

obion, F.C., Doize, B., Boure, L., Marcoux, M., Ionescu, M., Reiner, A., Poole,
A.R., Laverty, S.J., 2001. Use of synovial fluid markers of cartilage synthesis
and turnover to study effects of repeated intra-articular administration of
methylprednisolone acetate on articular cartilage in vivo. Orthop. Res. 19,
250–258.

ledge, C.B., Noble, J., Hnatowich, D.J., Kramer, R., Shortkroff, S., 1977.
Experimental radiation synovectomy by Dy-165 ferric hydroxide macroag-
greagate. Arthritis. Rheum. 20, 1334–1342.

ledge, C.B., 1979. In: McCarty (Ed.), Correction of arthritic deformities in the
lower extremities and spine, arthritis and allied conditions, 9th ed. Lea and
Febiger, Philadelphia.

res, M.A., Savio, E., Malanga, A., Fernandez, M., Paolino, A., Gaudiano, J.,
2002. Pysico-chemical characterisation and biological evaluation of 188Re
colloids for radiosynovectomy. BMC Nucl. Med. 2, 1–9.

onReis, G., Swensson, A., 1951. Intra-articular injections of osmic acid in
painful joint affections. Acta Med. Scand. 259, 27–32.

ang, S.J., Lin, W.Y., Hsieh, B.T., Shen, L.H., Tsai, Z.T., Ting, G., Knapp Jr.,
F.F., 1995. Rhenium- 188 sulphur colloid as a radiation synovectomy agent.
Eur. J. Nucl. Med. 22, 505–507.

ang, S.J., Lin, W.Y., Chen, M.N., Hsiech, B.T., Shen, L.H., Tsai, Z.T., Ting,

G., Chen, J.T., Ho, W.L., Mirzadeh, S., Knapp F.F.Jr., 1998. Re-188 micro-
spheres: a new radiation synovectomy agent. Nucl. Med. Commun. 19,
427–433.

ebb, F.W.S., Lowe, J., Bluestone, R., 1969. Uptake of colloidal radioactive
Yttrium by synovial membrane. Ann. Rheum. Dis. 28, 300–302.


	Characterization of Re-188-Sn microparticles used for synovitis treatment
	Introduction
	Materials and methods
	Preparation and radiolabeling
	Characterization
	Patient studies

	Results
	Morphology and size distribution
	Labeling efficiency and stability
	Effect of volume
	Effect of boiling time
	Patient studies

	Discussion
	Conclusion
	References


