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This study determined, using the intraarticular complete Freund
adjuvant arthritis mice model, whether the radiotracer 9°™Tc-N-(triethyl-
ammonium)-3-propyl-[15]ane-N5 (®®mTc-NTP 15-5) targeting pro-
teoglycans has a pathophysiologic validity for in vivo imaging of
rheumatoid arthritis (RA) and its response to chronic nonsteroidal anti-
inflammatory drugs. Methods: We investigated the time course of
cartilage remodeling by 9MTc-NTP 15-5 scintigraphy, bone damages
by #9mTc-hydroxymethylene diphosphonate imaging, inflammation by
18F-FDG PET, and joint proteoglycan content and pain behavior in
animals, without and with meloxicam treatment. Paw circumference,
thermal pain behavior, and histology as well as proteoglycan content of
the whole joint were determined. Results: %™Tc-NTP 15-5 showed
specific tracer accumulation within RA joints, with a significant increase
in scintigraphic ratio observed in RA versus shams from day 3 to day
28. '8F-FDG evidenced uptake in RA joints from day 15 to day 29.
Animals treated with meloxicam (5 mg/kg) exhibited a dose-dependent
decrease in both 9MTc-NTP 15-5 and 8F-FDG uptake ratios versus
saline-treated animals. ®°™Tc-hydroxymethylene diphosphonate bone
scans were only positive at day 14 in RA versus shams, with a signif-
icant effect of meloxicam. An increase in proteoglycans of RA joint and
thermal pain behavior were observed and were dose-dependently re-
duced by meloxicam. Conclusion: These experimental results bring
data in favor of the 99mTc-NTP 15-5 radiotracer for assessing, in vivo,
cartilage remodeling in RA that could be used to monitor therapy.
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Rheumatoid arthritis (RA) is a chronic, inflammatory, sys-
temic autoimmune disease, which occurs in 1% of the population
worldwide, affecting primarily the hands and feet, with a higher
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prevalence for women (/,2). RA is characterized by severe syno-
vial inflammation that results in pannus formation and progressive
destruction of articular cartilage and bone, ultimately leading to
stiffness, swelling, joint disability, and pain (3,4). With the advent
of disease-modifying antirheumatic drugs alone or in combina-
tions with TNF-a inhibitors or nonsteroidal antiinflammatory
drugs, RA remission has become a realistic goal but seems only
possible if it is diagnosed at early stages (5—7). With such treat-
ments emerging, in vivo assessment of RA has become a real
need, for both an earlier diagnosis and an accurate monitoring
of therapy efficacy. RA pathophysiology is not entirely under-
stood, and no gold standard exists. Current imaging methods such
as radiography, MR imaging, and ultrasound are all based on the
detection of morphologic rather than biochemical changes in
joints (6-9). Because molecular or cellular events often occur
before any signs of structural or evident anatomic changes, authors
consider that the key approach to the early diagnosis and moni-
toring of RA would be to detect these pathologic processes in vivo.
In RA, the monitoring of inflammatory and destructive pathways
of joint would undoubtedly be helpful for both basic research in
arthritis and clinics. The clinical impact of cartilage in joint de-
struction was recently demonstrated to be much more relevant
than previously considered, suggesting that more functional di-
agnostic and therapeutic effort should be spent on cartilage remod-
eling in RA (10-13).

In this context, in vivo molecular imaging of cartilage alteration
and remodeling could help to develop more efficient diagnostic
tools for the early staging of RA, disease monitoring, and disease-
modifying antirheumatic drug efficacy assessment.

The recent application of radionuclide imaging for preclinical
imaging has opened access to many human pathophysiologic models
at the molecular level, with a high sensitivity and a selectivity that
can be enhanced by vectors.

For molecular imaging of joint, our strategy consisted of using
the quaternary ammonium function, which exhibits a high affinity
for proteoglycans, as a selective carrier of oxotechnetium complex
to cartilaginous tissues. To that end, N-(triethylammonium)-3-
propyl-[15]ane-N35 radiolabeled with **™Tc was demonstrated to
allow joint functional imaging in several experimental models of
articular pathology and to specifically bind to human articular
cartilage after ex vivo incubation (/4-18).
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In this study, we determined the relevance and sensitivity of
99mTc-N-(triethylammonium)-3-propyl-[15]ane-N5 (**™Tc-NTP 15-5)
imaging for assessing cartilage involvement in a preclinical
monoarthritis model, without and with meloxicam treatment.
99mTce-NTP 15-5 cartilage imaging was compared with 2°™Tc-
hydroxymethylene diphosphonate (°*Tc-HMDP) bone imaging
and '8F-FDG PET of inflammation. Paw circumference and ther-
mal hypersensitivity associated with RA as well as joint histology
and proteoglycans of whole-joint extracts were determined.

MATERIALS AND METHODS

Experimental Model of Adjuvant Monoarthritis and
Meloxicam Treatment

Protocols were performed in accordance with the 2010/63/UE
European Directive under the authorization of the French Directorate
of Veterinary Services (authorization C63-113-10). Experiments were
conducted on 40 animals randomly divided into 4 groups (3 groups
induced for RA and shams). Each group consisted of 5-8 animals for
longitudinal monitoring over the study and 4 additional animals in-
cluded for proteoglycans dosage at days 4, 14, and 28.

For RA induction, 12 pL of complete Freund adjuvant (0640;
DIFCO Laboratories) containing heat-inactivated Mycobacterium
butyricum (5 mg/mL) in paraffin oil were intraarticularly injected into
the tibiotarsal joint of the right hind paw of CD1 male mice (Charles
River) on day 0 (1/9,20). Shams received only the vehicle.

After RA induction, animals were treated with meloxicam (1 or 5 mg/kg,
subcutaneously) once day, from day 1 to day 29. All groups were then
examined for both clinical, nociceptive criteria and functional imaging.

Clinical Assessment of Monoarthritis by Paw Circumference
and Immersion Test

For each animal, the joint circumference of the pathologic and
contralateral paws was determined at days 3, 14, and 28. Results were
expressed as the difference between the pathologic and the contralat-
eral joint and averaged per group.

For the joint/paw immersion assay, water temperature was kept
constant at 47.0 = 0.2°C. Mice were maintained under a soft cloth
except for their tail or hind paws, which were immersed in water until
withdrawal (cutoff time of 30 s to minimize any potential damage).
Paw withdrawal latency was assessed for each mouse at days 3, 7, 14,
and 28. The test was performed 30 min after treatment, with the
experimenter being masked to treatment.

In Vivo Functional Imaging

For all imaging procedures, ketamine (Imalgeéne 500; Rhone
Meérieux) and xylazine (Rompun 2%; Bayer) (4:1 ratio) were used
to anesthetize animals.

For each radiotracer, the injected dose to each animal was
determined by acquiring an image of the syringe before and after
injection and counting (Capintec activimeter).

8F.FDG Imaging of Inflammation. 'F-FDG imaging was per-
formed using GLUCOTEP (Cyclopharma Laboratories). Each animal
underwent 3 PET examinations at days 4, 15, and 29. Whole-body PET
scans (30-min duration, 2 bed positions) were acquired 1 h after in-
jection of 8F-FDG (12 MBg/animal) using a small-animal PET device
(eXplore VISTA; GE Healthcare), 250- to 700-keV energy window, and
6-ns coincidence time window. Image reconstruction used a 2-dimen-
sional ordered-subset expectation maximization (Fourier rebinning)
method including corrections for scanner dead time and scattered radi-
ation. Scans were analyzed for metabolic volume determination using
eXplore VISTA (GE Healthcare). Metabolic uptake (in counts per
pixel) in the pathologic and contralateral joint was determined from
a volume of interest obtained by summing multiple 2-dimensional

99MTc-NTP 15-5 IMAGING IN ARTHRITIS *

regions of interest from consecutive planes. At each time point and
for each animal, joint metabolic ratio (JMR) was calculated as follows:

JMR = metabolic uptake of pathologic paw/
metabolic uptake of contralateral paw.

99mTe-HMDP Delayed Bone Phase Uptake Imaging. *°™Tc-HMDP
bone imaging was performed only to evaluate bony changes and not
inflammation. Each animal underwent 3 examinations at days 4, 15,
and 29. The delayed bone uptake phase was acquired 2 h after **™Tc-
HMDP injection (25 MBg/mouse; Osteocys [IBA]). Planar acquisition
(10 min, 15% window at 140 keV of %°™Tc¢) was performed with
animals positioned over a 10-cm collimator of a small-animal y
camera (yImager; Biospace).
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FIGURE 1. Clinical signs of monoarthritis, using paw circumference to

measure edema (A) and paw immersion test to assess thermal hyper-
algesia (B) in shams, saline-treated Moars, or meloxicam-treated group
(1 and 5 mg/kg) at D3, D14, and D28. (C) AUC of meloxicam effect on
thermal hyperalgesia in Moars is presented. Results are mean + SEM.
*P < 0.05, P < 0.01, ™P < 0.001 vs. shams. °P < 0.05, °°P < 0.01,
°°°P < 0.001 vs. saline-treated Moars. D = day; Mel = meloxicam.
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Image processing was performed using Gammavision+ (Biospace)
with 2 identical fixed-sized rectangular regions of interest being
delineated over the pathologic and contralateral joints.

At each time point and for each animal, the bone scintigraphic ratio
(SRb) was calculated as follows: SRy, = average counts in pathologic
paw/average counts in contralateral paw.

Cartilage Targeted Imaging Using °°"Tc-NTP 15-5 Radiotracer:
Each animal underwent 3 examinations at days 3, 14, and 28. Planar
acquisition (10 min, 15% window at 140 keV) was performed 30 min
after injection of 25 MBq of **™Tc-NTP 15-5, as published (15).

Quantitative analysis of scintigrams was performed with
Gammavision+ (Biospace), with fixed-size regions of interest delin-
eated over the pathologic and contralateral joint, and total activity,
average counts in cpm per pixel, and activity SD obtained. At each
time point and for each animal, the cartilage scintigraphic ratio (SRc)
was calculated as follows: SRc = average counts in pathologic joint/
average counts in contralateral joint.

Proteoglycan Content of Whole-Joint Extract at Imaging
Time Points and Histology

At days 3, 14, and 29, hind paw joints were removed (n = 45 animals
per group) and crushed in liquid nitrogen. After incubation for 24 h at
60°C with ethylenediaminetetraacetic acid—phosphate buffer solution
containing Papaine (0.6 mg/mL; Sigma-Aldrich) and DL-dithiothreitol

(DTT) 0.25 mg/mL (Sigma-Aldrich), digests were assessed for proteo-
glycan content using the dimethylene blue protocol (23).

At day 29, joints were removed and fixed during 48 h in 4% form-
aldehyde in phosphate buffer (0.1 M, pH 7.4) and then decalcified in 10%
ethylenediaminetetraacetic acid (Sigma-Aldrich) during 2 wk at 4°C. After
paraffin-embedding, 5-pum sections were stained with alcyan blue.

Statistics

Data are presented as mean = SEM. The significance level was a
P value of less than 0.05.

A 2-way ANOVA was used to compare groups, followed by a Student—
Newman—Keuls test (Sigma Stat 3.5) (Systat Software). To measure the
global effect of meloxicam in the paw immersion test, areas under the
time-course curve (AUCs) were calculated by the trapezoidal rule and
expressed as mean * SEM (g.min). Variations of paw withdrawal laten-
cies were calculated for each animal by the difference between latency at
a given time and the corresponding control predrug (baseline) threshold.
ANOVA followed by a Tukey test was used to analyze AUCs.

RESULTS

Characterization of Monoarthritic Model
A significant increase in paw circumference in Moars versus
shams was observed at days 3, 14, and 28. Meloxicam treatment
significantly (P < 0.05) decreased paw circumference at days 14
and 28 versus saline but still stayed signif-
icantly different from the shams up to day

28 (Fig. 1A).

As expected, a significant decrease in
paw withdrawal latency was observed in
Moars at days 3, 7, 14, and 28 versus shams
(Fig. 1B). Meloxicam increased paw with-
drawal latency in a dose-dependent manner:
when Moar animals were treated with the
highest dose (5 mg/kg, subcutaneously),
withdrawal latency values were similar to
those observed for shams, for each time
point investigated. AUC determination con-
firmed the dose-dependent response of paw
withdrawal latency (Fig. 1C). However,
when meloxicam was administered at 1
mg/kg, AUC was still significantly different
from that of shams.

Functional Molecular Imaging

18F-FDG Imaging of Inflammation. A
higher '8F-FDG accumulation was ob-
served in Moars versus shams and was
associated with a significant increase in
JMR parameter at days 15 and 29 (P <
0.05) (Fig. 2). Meloxicam at 1 and 5 mg/kg
dose-dependently reduced '8F-FDG accu-
mulation, compared with saline-treated
animals. Such decrease was statistically
significant only at day 15 for both doses
(Fig. 2B). Nevertheless, for Moar ani-
mals treated at 1 mg/kg, JMR values were
still significantly (P < 0.05) higher than
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FIGURE 2. '8F-FDG PET imaging. (A) Representative serial imaging in same animal of each group

(i.e., sham, Moar + saline; Moar + meloxicam, 1 mg/kg; Moar + meloxicam, 5 mg/kg) at D4, D15,
and D29. (B) Time course of JMR parameter (JMR = metabolic uptake of pathologic paw/metabolic
uptake of contralateral paw). Results are mean + SEM. *P < 0.05, **P < 0.01, **P < 0.001 vs.
shams. °P < 0.05, °°P < 0.01, °°°P < 0.001 vs. saline-treated Moar. D = day; Mel = meloxicam.
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those of shams.

99mTc-HMDP Delayed Bone Phase Up-
take Imaging. An increased accumulation
of °mTc-HMDP was observed in Moars
versus shams, with a significant increase
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of SR, (P < 0.05) only at day 15 (Figs. 3A and 3B). At day 15,
animals treated with both meloxicam doses exhibited a significant
decrease (P < 0.05) in SRy, versus saline-treated animals. How-
ever, the SR, of the 1 mg/kg group was still significantly (P <
0.05) higher than that of shams. At day 29, no differences were
observed in SR}, between the different groups of animals.

99mTc-NTP 15-5 Cartilage Imaging. A differential accumula-
tion of ?°™Tc-NTP 15-5 occurred in the pathologic joint, respec-
tively to the contralateral joint, in Moars at days 3, 14, and 28,
with a significant (P < 0.05) increase in SRc versus shams (Fig.
4A). Meloxicam-treated mice (5 mg/kg) exhibited a significant
(P < 0.05) decrease in Src versus saline-treated mice from day
14 (Fig. 4B).

To assess the in vivo specificity of *"Tc-NTP 15-5 imaging and
to exclude the possibility of unspecific uptake within the patho-
logic joint, additional Moars and shams (n = 4 shams and n = 8
Moars) were injected at day 14 with the nonvectorized equivalent
of the radiotracer, named *°™Tc-15-5 (formulae and scintigraphy
obtained in a representative RA animal are given in Supplemental
Fig. 1; supplemental materials are available at http://jnm.snmjournals.
org): no significant difference was observed between Moars and
shams, with mean SRc values of 0.97 = 0.15 and 0.90 = 0.09,
respectively (Fig. 4C).

Histology of RA Joints at End of Study

At day 29, histology (Fig. SA) demonstrated a heterogeneous
and decreased alcyan blue staining of the interarticular surface in
Moars versus shams. When Moars were treated with meloxicam at
5 mg/kg, alteration was not visualized.

Proteoglycan Content of Whole-Joint Extract at Imaging
Time Points

To reinforce the results obtained with *™Tc-NTP 15-5 imaging,
proteoglycan dosage of the whole-joint extracts was performed at
days 3, 14, and 29: pathologic joints showed a significant (P <
0.05) increase in joint proteoglycan content in Moars versus shams
throughout the study (Fig. 5B).

For meloxicam groups, proteoglycan was reduced as compared
with the saline-treated group at days 14 and 29, such as seen with
99mTc-NTP 15-5 imaging. At day 14, the highest reduction of
proteoglycan content was observed for meloxicam at 5 mg/kg.

DISCUSSION

99mTc-NTP 15-5 was previously demonstrated to be a candidate
for the in vivo functional monitoring of proteoglycan remodeling
associated with degenerative and tumoral pathologies of cartilage
(15-18,24). We evaluated, in an RA model, the relevance of °™Tc-
NTP 15-5 imaging for monitoring in vivo

cartilage damage and response to nonsteroi-
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ever, this model, helpful to identify early
markers of the disease, is short lasting with
a rapid development of inflammation and
flare: it could be of interest to use a model
with slower progression and affecting sev-
eral joints.

In this model, we investigated the time
course of cartilage remodeling by *™Tc-NTP
15-5 scintigraphy, bone damages by *°™Tc-
HMDP imaging, inflammation by '8F-FDG
PET, joint proteoglycan content, and pain be-
havior in animals, without and with meloxi-
cam treatment, from day 1 to day 29.

Using a paw immersion test, we observed
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FIGURE 3.
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9mTc-HMDP bone planar imaging. (A) Representative serial imaging in same animal
of each group (i.e., sham, Moar + saline; Moar + meloxicam, 1 mg/kg; Moar + meloxicam, 5 mg/kg)
at D4, D15, and D29. (B) Time course of SRy, parameter (SR, = average counts in pathologic
paw/average counts contralateral paw). Results are mean + SEM. *P < 0.05, *P < 0.01, P <
0.001 vs. shams. °P < 0.05, °°P < 0.01, °°°P < 0.001 vs. saline-treated Moar. D = day; Mel =

thermal hypersensitivity in Moars as a signif-
icant decrease of thermal paw withdrawal
latency up to day 28 as described (25-27).
Our results confirmed that the complete
Freund adjuvant model reproduced allodynia
and hyperalgesia, as commonly described in
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and proteoglycan content of the whole RA
joint reinforced the specificity of this ra-
diotracer to assess cartilage remodeling
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and highlight its sensitivity to nonsteroidal
antiinflammatory drugs, raising the ques-
tion of the pathophysiologic significance
of increased ?°™Tc-NTP 15-5 accumula-
tion in RA joints. Increased markers of
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cartilage turnover have been reported dur-

ing the infraclinical course of RA in
patients, suggesting that cartilage damage
is an early feature. Moreover, disturbance
of the cartilage matrix turnover is also well
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matrix synthesis shift was also described
with newly formed aggrecan components
but not incorporated in joint tissues (32-35).
In addition, Brescia et al. highlighted the
role of fibroblast-like synoviocytes as an
important cell population in the syno-
vium of RA patients, highly expressing
aggrecan messenger RNA level (2.91
0 fold higher vs. controls) and exhibiting
D14 cartilage-like phenotype (36).
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patients (28). Pain behavior was dose-dependently reduced by melox-
icam as previously shown in inflammatory pain models (27,29-30).
Signs of inflammation were evidenced as paw circumference (i.e.,
edema) increase in Moars from day 3 to day 28. As expected, an
increased accumulation of '8F-FDG in the RA joint was observed and
attenuated by meloxicam. The pathophysiologic significance of '8F-
FDG accumulation in joints with RA is considered to reflect both the
early infiltrating inflammatory cells and the late proliferating fibro-
blasts in pannus (37). Histology at day 29 confirmed loss and hetero-
geneous alcyan blue staining at the interarticular surface indicative of
cartilage erosion, which was reduced by meloxicam at 5 mg/kg.

The cartilage integrity of the RA joint was monitored in vivo by
serial 2™Tc-NTP 15-5 imaging. A time-dependant increase in SRc¢
uptake ratio was observed in Moars versus shams. Increased accu-
mulation of *™Tc-NTP 15-5 in Moar joints was dose-dependently
reduced by meloxicam.

To test the hypothesis of unspecific uptake of *Tc-NTP 15-5
attributable to inflammation in RA joints, Moars and shams were
injected with the nonvectorized radiotracer, *™Tc-15-5: no differ-
ences in joint uptake were observed between Moars and shams,
with SRc values around 1 for both groups.

99mTc_NTP 15-5 uptake was compared with proteoglycan con-
tent of the whole RA joints. An increased proteoglycan content in
Moars was observed versus shams over the study; interestingly,

802

99mMTc-NTP 15-5 planar imaging. (A) Serial imaging in same animal of each group
(sham, Moar + saline; Moar + meloxicam, 1 mg/kg; Moar + meloxicam, 5 mg/kg) at D4, D15, and
D29. (B) Time course of SRc parameter calculated by average counts in pathologic paw/average
counts contralateral paw. (C) SRc of shams and Moar injected with the nonvectorized ®°MTc-15-5
radiolabeled compound. Results are mean + SEM. *P < 0.05, **P < 0.01, ***P < 0.001 vs. shams.
°P < 0.05, °°P < 0.01, °°°P < 0.001 vs. saline-treated Moar. D = day; Mel = meloxicam.

The **™Tc-NTP 15-5 SRc parameter in
monoarthritic joints could be considered to
reflect all multifactorial physiopathologic
and biochemical changes at the whole-joint
in vivo level, such as proteoglycan interac-
tions and fibroblast-like synoviocyte
phenotype in synovial fluid as well as pro-
teoglycan turnover in cartilage tissue. The
mechanism at its origin needs to be further elucidated.

Interestingly, the *™Tc-NTP 15-5 SRc parameter and joint pro-
teoglycan content were decreased by meloxicam: such results are
in agreement with literature, which found meloxicam to have
a beneficial effect in vitro on the overall proteoglycan metabolism
of cartilage explants from patients (37).

Because RA is also associated with bone damage, animals were
submitted to °°™Tc-HMDP imaging. No difference in %°™Tc-
HMDP uptake was observed between the early and late stage of
the pathology. Intriguingly, an increase in the SR, ratio, reflecting
bone remodeling, was observed only at day 15 in Moars versus
shams and was dose-dependently reduced by meloxicam. Bone
remodeling is mainly recognized as occurring secondary to the
loss of cartilage, with subchondral osteolysis developing in the
late disease (38).

Several innovative approaches have been already explored for
molecular imaging of RA, including probes targeting cell pro-
liferation, matrix metalloproteinases, folate receptors, macrophage
mannose receptor with antibodies, or nanobodies, with the key of
success depending of the sensitivity of the markers (39-42).

In this model, the early joint imaging patterns evidenced by the
99mTc-NTP 15-5 radiotracer as compared with *™Tc-HMDP and
I8F_.FDG conventionally used highlight its high potential for RA.
99mT¢c-NTP 15-5 imaging may be useful to assess cartilage
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drugs demonstrated in this paper may offer
the opportunity to provide an in vivo suit-
able set of criteria to quantify cartilage in-
tegrity and functionality, for assessing new
emerging disease-modifying antirheumatic
drugs strategies.

In clinics, the major challenge of **™Tc-
NTP 15-5 imaging will be obtaining suffi-
cient scintigraphic sensitivity to correlate
tracer uptake and proteoglycan content, to
evaluate small changes at earlier stages.

CONCLUSION

99mTc-NTP 15-5 imaging is not intended
to be the sole molecular imaging technique
for diagnosing RA but rather to be used for
assessing cartilage damage in RA. Consid-
ering that the *™Tc-NTP 15-5 radiotracer

B _ O Sham is currently under validation for clinical
< 160 M l use in humans, this may represent the op-
_E_ 140 1 oo oal, saline portunity to bridge the gap between pre-
g ooooo O MO&I’, Mel. 1 mg/kg clinical and clinical testing in RA.

+ 120 7
c
8 1001 oo ® Moar, Mel. 5mg/kg | piscLosURE
8 The costs of publication of this article
c 801 were defrayed in part by the payment of
© .
3] page charges. Therefore, and solely to in-
—; 60 T dicate this fact, this article is hereby marked
) ] “advertisement” in accordance with 18 USC
3 40 section 1734. No potential conflict of interest
4 i relevant to this article was reported.
a 20

0 T

ACKNOWLEDGMENTS

Region Auvergne, Innovation, and Auvergne

FIGURE 5. Joint analysis. (A) Alcyan blue staining of pathologic joints of shams, Moar + saline,
and Moar + meloxicam, 5 mg/kg, at D29. (B) Proteoglycan content of whole joints using
dimethylmethylene blue assay at D3, D14, and D29 (n = 4-5 animals per group). Results are
mean + SEM. *P < 0.05, **P < 0.01, **P < 0.001 vs. sham. °P < 0.05, °°P < 0.01, °°°: P < 0.001

vs. saline-treated Moar. D = day; Mel = meloxicam.

involvement and remodeling in the pathology, in addition to in-
flammation imaging with '8F-FDG, and also bone component with
99mTc-HMDP.

For the evaluation of cartilage proteoglycans, others biophysical
methods have been described: high-frequency ultrasound provides
information about proteoglycan content in cartilage specimens in
vitro but seems difficult to apply in vivo (43). Gadolinium-
diethylenetriaminepentaacetic acid—enhanced MR imaging offers
an estimate of the local concentration of the contrast agent, which
accumulates in cartilage inversely to the negative charges of gly-
cosaminoglycans (/3). This method allows only an indirect mea-
surement of proteoglycan content and requires a high dose of con-
trast agent (and nonnegligible associated toxicity) and is known to
be several orders of magnitude less sensitive than nuclear imaging.

In light of these encouraging results, the sensitivity of **™Tc-
NTP 15-5 imaging should be assessed for characterizing a model
of slower disease progression that affects several joints. The sen-
sitivity of **™Tc-NTP 15-5 imaging to nonsteroidal antiinflammatory
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