12°]-Labeled Gold Nanorods for
Targeted Imaging of Inflammation

Xia Shao," Huanan Zhang,* Justin R. Rajian,” David L. Chamberland,® Phillip S. Sherman, Carole A. Quesada,’
Alisa E. Koch,® Nicholas A. Kotov,* and Xueding Wang™*

"Department of Radiology, #Department of Chemical Engineering, and *Department of Internal Medicine, University of Michigan, Ann Arbor, Michigan 48109,

United States

heumatoid arthritis (RA) is a chronic
Rsystemic inflammatory disorder of

unknown etiology which produces a
persistent inflammation of the synovial
membrane.! Although RA is serious, poten-
tially crippling, and commonly disabling,
comprehensive diagnosis and optimized
therapies of these disorders are hindered
by lack of technologies that can image
inflammation at molecular or cellular level.?
Several studies have demonstrated that an
imbalance occurs in the cytokine cascade
resulting in the presence of pro-inflamma-
tory cytokines in synovium and plasma,
which leads to the joint inflammation and
cartilage destruction characteristic of RA.
Attention has therefore been given to devel-
op inhibitors of pro-inflammatory cytokines
and their receptors. Monoclonal antibodies
(mAbs) specifically target pro-inflammatory
cytokines and membrane-bound receptors
and thereby interfere with specific inflam-
mation pathways at the molecular level**
These mAbs have been used for treatment of
RA patients and also been radiolabeled for
molecular imaging of RA> As an example, a
pretherapy scintigraphic approach with radio-
labeled mAbs may allow evaluation of the
presence of target molecules in the inflam-
matory lesion, thus aiding the selection of
the most efficient therapy.® Development
of new probes and new technologies for
targeted imaging and in vivo evaluation of
pro-inflammatory cytokines and membrane-
bound receptors may significantly contri-
bute not only to clarify the pathophysiology
of different inflammatory diseases but also
to improve the detection of pathological
changes at the molecular level in a very
early stage.

Recently, the development of gold nano-
particles (GANPs) as contrast agents for med-
ical imaging and vehicles for drug delivery
have undergone a dramatic expansion. GANPs
are ideal optical labeling materials due to
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ABSTRACT
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For better examination of inflammation, we designed inflammation-targeted nuclear and

optical dual-modality contrast agents prepared by I-125 radiolabeling of gold nanorods

(GdNRs) conjugated with anti-intercellular adhesion molecule 1 (ICAM-1) antibody. The
bioactivity and specific binding of the PEGylated '**I-ICAM-GdNR conjugates to the ICAM-1 was
validated through ELISA testing. Inflammation-targeted imaging was then conducted on an

adjuvant-induced arthritic rat model which demonstrated an elevation of ICAM-1 level in the

affected ankle joints. Facilitated by the I-125 radioisotope and the whole-body imaging via the

Gamma camera, the time-dependent distribution of the systemically injected agent as well as

the uptake of the agent in the inflammatory articular tissues could be examined conveniently

and quantitatively. The success in targeted delivery of gold nanoparticles to inflammatory

tissue enables both nuclear and optical imaging of inflammation at molecular or cellular level.

Other than diagnosis, radiolabeled gold nanoparticles also hold promise for targeted therapy

of a variety of disorders.

KEYWORDS: gold nanorods - iodine-125 - y-imaging - radiolabeled

nanoparticles - inflammation

their unique optical properties as well as
their good biocompatibility, stability, and
ease of preparation and bioconjugation.”
In former studies, a variety of GANPs includ-
ing gold nanorods (GdNRs), gold nanocages,
and gold nanoshells have been introduced
as targeting or nontargeting contrast agents
for photoacoustic imaging (PAl), an emer-
ging optical imaging technology which is also
referred to as optoacoustic imaging.'® '* As a
novel strategy for drug delivery, GANPs can
potentially enlarge the carrier capacity and
enable controlled drug release, minimizing
the toxicity and enhancing the therapeutic
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Figure 1. TEM images of bare GdNRs (a), conjugates of GANRs with ICAM-1 antibody (b), ICAM-GdNRs radiolabeled with 125 (c).

efficiency.'* '® The surface chemistry of GdNPs
allows multiple functionalizations. Capping molecules,
such as cetyltrimethylammonium bromide (CTAB),
can be replaced or conjugated with many functional
groups.”” ™" Target specificity of GANPs can be im-
parted by tagging with certain biovectors, such as
monoclonal antibodies,? receptor-specific peptides,®
and other compounds.”?' However, many questions
still need to be addressed before GANPs could be
widely adapted in clinical settings. For example, how
the size, shape, material, and surface chemistry is going
to affect their optical property, toxicity, molecular
response, carrier capacity, and ability to arrive at the
targeted tissues. Moreover, how do GANPs perform in
the complex in vivo environments of human or animals
where a variety of ions, such as hydrogen, Na, Cl, and
Ca, as well as proteins, lipids, and hydrocarbons, may
strongly affect their stability and functionality. Without
an imaging technology that could monitor the in vivo
behavior of GANPs, systemic evaluation and optimiza-
tion of GANPs as imaging and therapeutic agents is
challenging.

In our previous work, by radiolabeling GANRs with
I-125, a dual-modality contrast agent has been fabri-
cated which can be imaged in vivo with both PAI and
nuclear imaging.>? With high sensitivity, nuclear ima-
ging enables whole-body quantification evaluation
of radiolabeled GdNRs and, hence, can be used for
systemic evaluation of novel GANP agents in vivo.*®
Although with comparatively lower sensitivity, PAI
could present tissue structures with spatial resolution
on the submillimeter level and, therefore, can be
superior in mapping the distribution of GdNPs in
regional target tissues. By fabricating the radiolabeled
GdNPs performing dual-modality imaging, one may
combine the high contrast-to-noise ratio and good
quantification of nuclear imaging with the high spatial
resolution of PAL. In this study, we explored the feasi-
bility of targeted delivery of GANRs to inflammatory
tissues by conjugating with intercellular adhesion
molecule 1 (ICAM-1) antibody, a pro-inflammatory
cytokine, uptakes of GANRs in the inflammatory joints
of bacterial induced arthritic rats. Using the radiolabel-
ing method recently developed in our group, quanti-
fication of ICAM-1 expression in arthritic joints was
attempted.
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RESULTS AND DISCUSSION

Radiolabeling of GANR Conjugates with Anti-ICAM-1. GANRs
with average aspect ratios of 4 were obtained with
transverse plasmon peak at 525 nm and longitudinal
plasmon peak at around 800 nm. The position of the
longitudinal plasmon peak could be fine-tuned fairly
easily within 600—900 nm ranges by varying the con-
tent of silver nitrate during synthesis. The shape and size
of GANRs remains unchanged before and after conjuga-
tion based on the transmission electron microscopy
(TEM) images shown in Figure 1.

The radiolabeling reaction takes place very rapidly
and completely with radiochemical yields greater than
90% by radioactivity count and specific activity greater
than 5 x 10° Ci/mmol. There was no apparent differ-
ence between bare GANR and '**I-ICAM-PEG-GdNRs
(Figure 1). The longitudinal plasmon peaks remain
unchanged in intensity after radiolabeling but show a
small plasmon shift due to the presence of additional
iodine molecules on the surface.?* ['?[]-lodine-labeled
GdNRs were stable for weeks when stored in the
refrigerator.”®> This simple radiolabeling procedure
facilitates reproducibility and reliability of the injected
product for animal studies. This simple setup could be
extensively utilized to deliver injectable doses for
clinical application, with the availability of our well-
equipped radiopharmaceutical laboratory.

Enzyme-Linked Immunosorbent Assay of ICAM-1 Antibody.
ICAM-1 is a glycosylated protein of 80—114 kDa with a
core polypeptide of 55 kDa and has an important role
in leucocyte trafficking and cell—cell adherence in
immunological responses.?*?*> ICAM-1 is induced
during inflammatory responses by cytokines such as
IL-1.%° In RA, endothelial cells expressing ICAM-1 estab-
lish contact with circulating leucocytes, resulting in
accumulation of leucocytes in synovial tissues of joints.
Compared with the serum concentrations in osteoar-
thritis (OA) patients, the serum concentrations of so-
luble ICAM-1 are significantly higher in patients with
RA and correlate with markers of disease activity such
as the erythrocyte sedimentation rate and C-reactive
protein levels.?” Furthermore, anti-ICAM-1 monoclonal
antibody therapy results in a transient alteration in
T-lymphocyte recirculation and leads to clinical im-
provement in some RA patients.”® Recent studies have
also demonstrated that ICAM-1 signal is involved in
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Figure 2. Mean and standard deviation of radioactivities of
the ELISA wells treated, respectively, with radiolabeled bare
GdNRs (control) and radiolabeled GANRs conjugated with
ICAM-1 antibody (ICAM).

Fas-mediated apoptosis in RA synovitis.?’ Due to im-
portant roles for ICAM-1 in the pathology of RA,*° we
choose ICAM-1 antibody as an inflammation-targeted
imaging probe.

In addition, rapid clearance of nanoparticles from
blood limits their targeting capabilities. Polyethylene
glycol (PEG) has well-established “stealth” properties
that can shield nanoparticles from fouling by serum
proteins (opsonization) and reduce their rate of clear-
ance by the reticuloendothelial system (RES) of the
body.”'® The beneficiary effects of PEGylation on the
clearance time of injected nanoparticles have been
demonstrated.?®?! Significant differences between
bare GANRs and PEGylated GANRs have been observed
from our previous experiments.?® Injected bare GANRs
were cleared out from the blood circulation within
10 min, while more than 50% of PEG-coated GANRs
remained in the blood after 4 h. This is in good agree-
ment with previous studies which have shown that a
surface brush layer of PEG reduces the adsorption of
blood RES factors to the particle surface, hence de-
creasing the rate of particle clearance. This gives GANRs
enough time to find their target. Therefore, PEGylated
GdNRs have been used in all experiments. The long-
term presence of the PEGylated GANR agents in the
circulatory system up to 4 h was monitored using a
gamma camera.?®

To determine the biological activity and specific
binding of '?’IICAM-PEG-GdNRs, we performed an
enzyme-linked immunosorbent assay (ELISA). The
ELISA plate was coated by rat recombinant ICAM-1,
and then radiolabeled PEGylated GANR control and
ICAM-1 antibody-conjugated GANR solution were added
to each corresponding well and incubated at room
temperature for 2 h. The data are shown in Figure 2.
In comparison with the wells that were added with
radiolabeled bare GdNRs, the wells that were added
with GANRs conjugated with ICAM-1 antibody produced
obviously stronger signals in the Gamma Imager. The
activities were 743 + 1.9 and 129 £ 0.8 in the wells
containing radiolabeled ICAM-1 antibody-conjugated
GdNRs and radiolabeled bare GdNRs, respectively. The
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ratio between radioactivities resulting from the specific
and the nonspecific binding of radiolabeled GANRs was
5:1. The ICAM-1 antibody conjugates showed five times
higher affinity binding to ICAM-1 than the bare GdNRs.
This finding from the ELISA experiment concludes that
the ICAM-1 antibody conjugated with '*|-labeled GANRs
retains its biological activity and forms a highly specific
system.

Gamma Imaging of Arthritic Rats in Vivo. Encouraged by
the positive ELISA findings, we then evaluated '*°I-
ICAM-GdNRs in vivo with an arthritic rat model. Adju-
vant-induced arthritis (AIA) rat, as one of the well-
established rodent models for human inflammatory
diseases similar clinically and pathologically to human
RA, has been chosen for animal in vivo studies. The rats
were injected subcutaneously into the base of the tail
with lyophilized Mycobacterium butyricum to generate
the adjuvant-induced arthritis. After 20 days, the '*°I-
labeled GANR agents were systemically injected via
lateral tail veins. Imaging was conducted on three
groups. Group A as a control was normal rats injected
with targeting '**I-ICAM-GdNRs agent. Group B as an-
other control was arthritic rats injected with nontarget-
ing "*°I-GdNRs agent. Group C was arthritic rats in-
jected with targeting '**IICAM-GdNRs agent. Figure 3
shows example images from the three groups (24 h
post-injection). Although AIA is a systemic arthritis
attacking all of the joints, the hind limb ankle joints
of the AlA rats were the targets of imaging in this study
because they were the most affected joints. Thus,
animals were positioned ventral side down with the
hind limbs placed in the middle of the field of view of
the imager. Each image has a diameter of 8 cm cover-
ing the rear part of the rat body with the rat head
pointing up. The biodistribution of '?’I-labeled GANR
agents, both PEGylated and non-PEGylated, has
been studied in our previous work.”? In this work, the
imaging area covered only the rear part of the rat body
focusing on the arthritic ankle joints.

Regions of interest (ROIs) were drawn respectively
around each ankle joint and the adjacent muscle area
as the control for each animal. The ratios between the
radioactivities from the inflammatory ankle joint and
the non-inflammatory muscle were calculated based
on radioactive counts. The average and the standard
deviation of each group were computed over the
measurements from a total number of 10 ankle joints
from the five rats. Figure 4 shows the quantitative
analysis of the three groups.

As shown in Figure 4, the average ratios of the three
groups were 0.98 4+ 0.15, 1.53 + 0.29, and 3.12 + 0.48
for groups A, B, and C, respectively. The arthritic rats
(group C) injected with '**IICAM-GdNRs targeting in-
flammation had three times more uptake of the agent
compared with the normal rats (group A) injected with
the same agent. In comparison with nonspecific target-
ing (group B), the targeted delivery '**IICAM-GdNRs
ACS
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Figure 3. Inflammation-targeted nuclear and optical dual-modality contrast agent, prepared by I-125 radiolabeling of gold
nanorods (GdNRs) conjugated with anti-intercellular adhesion molecule 1 (ICAM-1) antibody, acting as a biovector to

navigate '**I-labeled GANRs to the arthritic joint.
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Figure 4. Radioactivity ratios of the ankle joint vs adjacent
muscle for the three groups of rats, i.e., normal rats injected
with "?*I-ICAM-GdNRs (normal), arthritis rats injected with
1251.GdNRs (no ICAM), and arthritis rats injected with
1251ICAM-GdNRs (ICAM).

(group C) based on the specific targeting of ICAM-1 led
to a stronger (>2 times) regional uptake of the GdNRs.
This agreed with reported findings that ICAM-1 was
accumulated in the inflammatory articular tissues and
also supported that ICAM-1 antibody acted as a bio-
vector to navigate '**|-labeled GdNRs to the arthritic
joints. It should be noticed that there was enhanced
radioactivity around the injection scars for all arthritic
rats in both group B and group C because these areas
had a greater inflammatory response after the injec-
tion of Mycobacterium butyricum (Figure 3). The ar-
thritic rats injected with nontargeting '?’I-GdNRs
agent (without ICAM-1 antibody) showed a slightly
higher joint uptake than those of the normal rats. This
is most likely due to leakage nature of the blood vessels
in inflammatory articular tissues which leads to non-
specifically targeted delivery of '*°I-GANR agent.'®
Another possible reason is the enhanced blood flow
in the inflammatory joint tissues which may also causes
mildly elevated radioactivity.

The success in targeted delivery of GANPs to in-
flammatory, an initial and common symptom of var-
ious types of pathogenesis, has been achieved for the
first time by conjugating GANPs with ICAM-1 mono-
clonal antibodies. Since the conjugates were tagged
with '?| radioisotopes, the in vivo performance of the
newly designed agent as a function of time can be
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monitored using nuclear imaging, rendering a new and
powerful method for convenient and quantitative
assessment of novel nanoparticles as either agents
for contrast enhancement or vehicles for drug delivery.
A similar idea has been achieved before by using
fluorescent tagging and optical imaging.'® In compar-
ison with fluorescent imaging, nuclear imaging could
be a better choice for evaluation of nanoparticles con-
sidering the higher sensitivity, deeper imaging depth,
whole-body imaging capability, and good quantifica-
tion associated with nuclear imaging technology.

Delivery of radiolabeled GANPs to the inflammatory
tissues by specific targeting of monoclonal antibody-
based biomarkers of inflammation could enable early
detection and imaging of inflammation at molecular or
cellular level by using both nuclearimaging and optical
modalities such as PAI. Other than imaging, targeted
delivery of GANPs could also contribute to enhanced
arthritis therapy in light of established benefits of gold
treatment in inflammatory arthritis. In many previous
studies, positive findings have been reported for
clinical uses of gold compounds in the treatment of
rheumatic diseases including psoriasis, juvenile arthritis,
palindromic rheumatism, and discoid lupus erythema-
tosus.>2 3% Other than arthritis, radioisotopes of gold
have also found wide application in the regional treat-
ment of different types of cancer¢7>° All of these
previous works using gold for cancer or arthritis therapy
were based upon local injection, which inevitably limits
the application and efficacy of gold-based treatment.
Through the method reported in this work, gold parti-
cles with therapeutic potential for arthritis or cancer
could be engineered for specific targeting of disease
tissues and, hence, could be introduced systemically in
the circulatory system.

In this work, the molecular targets chosen for
specific delivery of GANPs were ICAM-1, which was
endothelial receptors overexpressed in newly formed
vessels, such as vascular targets. Vascular targets are
attractive because they appear very early in the disease
process and allow easy access from the blood circulation.
Moreover, for vascular targets, the particle sizes of the
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contrast agent do not have to be smaller than the
vessel pore cutoff size in order to achieve successful
delivery.*® Other than inflammation, it has been re-
ported that ICAM-1 levels were elevated in several
cancers including those associated with melanoma,
ovarian, renal, prostate, leukemia, lung, and breast.*'*?
Due to the critical role of ICAM-1 in cancer generation
and metastasis, the agent developed in this work could
also prove useful for molecular imaging and early
detection in a variety of cancers. Radiolabeled GANR
contrast agents, once uptaken by cancerous tissues,
may also enable targeted therapy, including both
radiotherapy facilitated by the radioisotope (e.g., ">'l)
and photothermal therapy as a result of the strong
optical absorption of GANPs. Therefore, by benefiting
from both imaging and therapy, radiolabeling of

MATERIALS AND METHODS

Synthesis of the GINRs. GANRs were synthesized by a method
modified from literature.*>** Briefly, a seed solution was pre-
pared by reducing gold(lll) chloride (25 uL, 0.05 M) in hexa-
decyltrimethyl ammonium bromide (4.7 mL, 0.1 M) by addition of
freshly prepared sodium borohydride (0.3 mL, 0.01 M) under
vigorous stirring. An aliquot of seed solution (0.24 mL) was
added to the growth solution containing hexadecyltrimethyl
ammonium bromide (100 mL, 0.1 M), gold(lll) chloride (1.0 mL,
0.05 M), hydrochloric acid (2 mL, 1 M), 0.8 mL of ascorbic acid,
and silver nitrate (1.2 mL, 0.01 M). The glass beaker was placed in
a water bath maintained at 27 °C for 3 h to complete the
synthesis. Then, 50 mL aliquots of the synthesized rods were
centrifuged at 10000 rpm for 1 h to obtain pellets of GANRs at
the bottom of the tube. The supernatant was decanted, and the
pellet was redispersed into 5 mL of deionized water to get a
concentration of 10'® rods/mL.

Covalent Conjugation of ICAM-1 Antibody on GdNRs. Covalent con-
jugation of ICAM-1 antibody was performed by bifunctional PEG
linkers through well-established EDC/NHS (1-ethyl-3-[3-dime-
thylaminopropyl]lcarbodiimide hydrochloride and N-hydroxy-
sulfosuccinimide) chemistry.*® Briefly, 10 mg/mL of thiol-PEG-
methyl (2 mM) and 2 mg/mL of thiol-PEG-carboxylic acid
(0.4 mM) in water were first added to 1 mL of the CTAB-stabilized
GdNRs (17 pM) and incubated at room temperature overnight
to create PEG-stabilized GANRs. The mixture was then washed
by centrifugation to remove the excess PEG linkers. Five milli-
molar of EDC and SNHS (Sulfo-NHS) was added to the PEG-
stabilized GANR to activate the carboxylic group for 20 min.
After activation, 50 ug of ICAM-1 antibody (0.3 nM) was injected
into the activated PEG-GANR mixture and incubated for 2 h to
complete the reaction. The finished product was also washed by
centrifugation. From final product, 20 uL of GANR solution of
each sample was dried on a copper grid coated with carbon film
at room temperature. The dried conjugates of GANR with ICAM-
1 antibody were imaged ina JEOL 3011 high-resolution electron
microscope.

Radiolabeling of GANR Conjugates with Anti-ICAM-1. Covalent con-
jugates of ICAM-1 antibody with GANRs were radiolabeled by
mixing with ['?*I] sodium iodide in deionized water at room
temperature. In general, 0.2 mL of GANRs with a concentration
of 10" rods/mL in deionized water was mixed with 0.1 mL of
['**IINal, roughly 300 uCi of radioactivity. The ['*[]-iodine-
labeled GANRs were then washed with deionized water by
centrifugation. The pellets were redispersed into 200 uL of PBS
for biological studies.

Enzyme-Linked Immunosorbent Assay of ICAM-1 Antibody. The ELISA
plate was made in our laboratory. Briefly, 200 uL of 2 ug/mL rat
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GdNPs holds potential to be developed into a multi-
functional medical platform for improved manage-
ment of arthritis or cancer.

CONCLUSIONS

In this work, targeted delivery of GdNPs to the
inflammatory tissues has been achieved by conjugat-
ing GANPs with ICAM-1. Radiolabeling of the conju-
gates provides a highly efficient tool for early detection
and imaging of inflammation at molecular level. The
methodology developed here can be advanced to a
level for clinical application by combining nuclear imag-
ing and optical modalities. Furthermore, it is hoped that
radiolabeled GANP conjugates will become efficient
therapeutic agents combining the power of radiation
therapy and gold treatment for arthritis or cancer.

recombinant ICAM-1 in ELISA coating buffer was added to each
well of a 96-well plate and incubated for 12 h at room tem-
perature. The coating solution was then aspirated out of the
wells, and the wells were washed twice by ELISA washing buffer.
Then, 300 uL of blocking buffer was added to each well and
incubated for 4 h. After the blocking buffer was aspirated out
the wells, the plate was ready for the screening experiment. In
the screening experiment, 100 uL of radiolabeled PEGylated
GdNR control and ICAM-1 antibody-conjugated GdNR solution
was added to each corresponding well (30 uCi for each well) and
incubated at room temperature for 2 h. Four wells were used for
each GANR sample in order to average the results. After 2 h, the
solutions were removed from each well and the wells were
washed by 300 uL of ELISA washing buffer twice. The well plate
was dried (paper towel) and was then ready for radioactive
analysis.

Radionuclide imaging was performed using the Gamma
Imager (Biospace Lab, Paris). The planar imaging for ELISA
experiments was performed with Gamma Imager detection
area facing upward, and an ELISA plate was placed directly on
the parallel-hole collimator 1.3/0.2/20 (hole diameter/septum
thickness/heightin mm). A 15 min duration image was acquired
using the energy window 15—70 KeV, and the radioactivity of
each well was then quantified using Gamma Vision+ software
(version 3.0).

Gamma Imaging of Arthritic Rats in Vivo. All animal experiments
were conducted in compliance with the Guidelines of the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals. The protocol for these studies has been
approved by the University of Michigan Committee on Use and
Care of Animals. Female Lewis rats (125 g) were purchased from
Charles River Laboratories (Wilmington, MA). To generate ad-
juvant-induced arthritis (AIA), the rats were injected subcuta-
neously into the base of the tail with lyophilized Mycobacterium
butyricum (0.3 mL; Difco, Detroit, MI) suspended in mineral oil at
5 mg/mL. After day 20, a steep increase in clinical score of joint
inflammation was observed, and the articular index (Al) scores
of the affected rats were 3—4.

Before the imaging experiment, rats were anesthetized
using isoflurane. An i.v. catheter was placed into lateral tail
veins for systemic injection of the '#|-labeled GANR agents. For
each animal, the injection of GANRs (about 120 #Ci) in 0.1 mL of
PBS took 10 s. Then the catheters were rinsed with 0.2 mL of
saline. Imaging was conducted on three groups, each contain-
ing five rats. Group A as a control was normal rats injected with
targeting '**’IICAM-GANR agent. Group B as another control
was arthritic rats injected with nontargeting '?°I-GANR
agent. Group C was arthritic rats injected with targeting
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231|CAM-GdNR agent. Immediately after injection, each animal
was imaged every hour with Gamma Imager for up to 4 h post-
injection within the first day. The animals were reanesthetized
and scanned at 24 h post-injection. Each image was acquired for
5 min on the anesthetized rat over the parallel-hole collimator
1.8/0.2/20 (hole diameter/septum thickness/height in mm) of
the Gamma Imager. Animals were positioned ventral side down
with the hind limbs placed in the middle of the filed of view of
the imager; therefore, each image has a diameter of 8 cm
covering the rear part of the rat body. With the images taken,
radioactivity was then quantified by drawing regions of interest
(ROI) using Gamma Vision+ software (version 3.0). For each
animal, ROIs were drawn respectively around each ankle joint
and the adjacent muscle area as the control. The ratios between
the radioactivities from the inflammatory ankle joint and the
non-inflammatory muscle were calculated based on radioactive
counts.
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