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INTRODUCTION

THE UTILITY of 18F-fluorodeoxyglucose (FDG)-PET in the
evaluation of patients with cancer has been established
clinically in recent years. FDG-PET is reported to be
useful for differentiating malignant tumors from benign,
staging malignant tumors, diagnosing recurrent tumor,
evaluating the therapeutic effect, and prognosis.1–3  How-
ever, FDG-PET has limitations for differentiation
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between inflammatory lesions and malignant tumors, be-
cause FDG uptake in inflammatory lesions is often shown
as high as in malignant tumors.4,5 For improving the
diagnostic impact of FDG-PET, the dual-time-point im-
aging by which delayed images are acquired at 2 hours or
more after the intravenous injection of FDG in addition to
the usual 1 hour images is reported to be useful in various
tumors, such as head and neck tumors, pancreatic tumors,
lung tumors, and mediastinal metastatic tumors.6–10 Ad-
ditional delayed imaging was reported to be acquired at 2
hours, 3 hours, etc., and mostly acquired at 2 hours, but
there is no clear consensus on the optimum time for
delayed imaging. Nakamoto et al. reported that the diag-
nostic value of the delayed images acquired at 3 hours
showed no difference compared to those acquired at 2
hours on pancreatic tumors.10 This result suggests that
there was no need to wait more than 2 hours after the
intravenous injection of FDG for acquiring delayed im-
ages. The patient is required to fast for a longer period for
additional delayed imaging, which could be stressful.
Acquiring the delayed image earlier would reduce this
stress on patients.

There have been some animal studies on changes in
FDG uptake by inflammatory and tumor lesions over
time, but most of these involved the measurement of
activity after the removal of inflammatory or tumor tis-
sues11 or by means of clinical PET scanner.12 Recently,
the microPET scanner has been developed as a high-
resolution PET scanner for use with animals and has been
used to investigate the FDG uptake of tumors or inflam-
mation in animals.13–15 As for the animal studies using
microPET on inflammatory and tumor lesions, some
studies have reported changes in FDG uptake over time in
tumor lesions only16 and FDG uptake at specific time
points in inflammation lesions17 or comparison between
inflammatory and tumor lesions.18 To our knowledge, no
comparative study of FDG uptake in tumors and inflam-
mation lesions has been conducted using dynamic FDG-
microPET.

We therefore conducted an animal study using an
inflammation model and a tumor model, acquired con-
tinuous FDG-PET images with a microPET for up to 2
hours, and studied the images to determine the optimum
time for acquiring additional delayed images for differen-
tiating inflammatory lesions from malignant lesions ef-
fectively.

MATERIALS AND METHODS

Animal
Inflammation models
Forty-six Japanese white rabbits with 92 inflammatory
lesions were used in this study. Inflammatory lesions were
made by turpentine oil (KANTO CHEMICAL Co., Inc.,
Tokyo, Japan) injection into bilateral paravertebral muscles
after sedation by an intramuscular injection of ketamine

(80 mg) and xylazine (8 mg).
 Calculations of turpentine oil requirement per unit

body weight based on rat studies suggest that 3 ml is
necessary for a 2 kg rabbit.19 However, when 3 ml of
turpentine oil was used to induce inflammation, it resulted
in abscesses elongated along the cephalocaudal direction,
with a lot of seepage of oil into the subcutaneous tissue,
making it impossible to create stable inflammatory le-
sions. Nonetheless, stable inflammatory lesions could be
created with 1 ml and 0.2 ml turpentine oil, and therefore,
inflammatory lesions were created with 0.2 ml (Group 1)
and 1.0 ml (Group 2) of turpentine oil in this study. In both
groups, scans were performed on 4 rabbits (8 lesions) each
at 2, 5, 7 and 14 days, and on 3 rabbits (6 lesions) each at
30 and 60 days after the turpentine oil injection. These
rabbits were sacrificed after the FDG-PET scans and the
relation between images and tissue histological findings
was investigated. Changes over days were studied up to
60 days in the same 2 animals (4 lesions) from each group,
which were designated as Group 1f and Group 2f. One
rabbit of Group 1 at 2 days showed very high uptake in the
urinary bladder, which caused a strong artifact effect and
quantitative evaluation was impossible, so that this rabbit
was excluded from this study.

Tumor models
 Five Japanese white rabbits with 10 tumors were used,
which had been transplanted VX2 tumors in the bilateral
calf muscles 2 weeks earlier. VX2 carcinoma was ob-
tained from Kyowa Hakko Industry (Tsukuba, Japan) and
was maintained as a tumor line in allogeneic rabbits in our
laboratory. After sedation by an intramuscular injection
of ketamine (80 mg) and xylazine (8 mg), the VX2
carcinoma previously implanted in the thighs of alloge-
neic rabbits was surgically removed. The tumor was then
incised with scissors, subjected to forceful pipetting, and
filtered through a stainless steel mesh to obtain a suspen-
sion of single tumor cells. The tumor suspension (0.5 ml,
approximately 1 × 107 tumor cells) was injected into
bilateral calf muscles.

Image acquisition
FDG-microPET imaging was performed immediately
after CT scans in all cases. For the inflammatory lesions
of Group 1f and Group 2f, CT scanning was performed
only before the initial FDG-microPET imaging, and only
FDG-microPET imaging was performed in the subse-
quent follow-up because we could not take the experi-
mental animals out of our isotope research facility due to
certain regulations.

CT system and data acquisition
The single-helical CT (Pro Speed AI, General Electric
Medical Systems, Milwaukee, WI, USA) was used in
this study. The images were acquired with technical
parameters of 120 kV, 100 mAs, 2.0 mm slice thickness,
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and reconstruction interval of 2.0 mm. Non-contrast and
contrast CT scans were performed. Two milliliters per
body weight (kg) of iodinated contrast medium was
administratered as a bolus via an ear vein by hand injec-

Fig. 1   The enhanced CT images (left), the FDG-microPET
images (middle) and the photomicrograph stained by H-E (right)
of inflammatory lesions induced in the bilateral paravertebral
muscles on 2 days (a), 5 days (b), 7 days (c), 14 days (d), 30 days
(e) and 60 days (f) after 0.2 ml turpentine oil injection. The CT
images and the FDG-microPET images were on prone position.
The enhanced CT images demonstrated the ring-like enhance-
ment around the central low density area considered as oil or
necrosis, and this enhancement were highly visible on day 5 to
day 30 (arrow). The FDG-microPET images showed the high
uptakes in the bilateral paravertebral muscles (arrow) corre-
sponding to the enhanced lesions in CT images. Photomicro-
graphs were H-E stained and showed as ×40. Photomicrographs
demonstrated histiocytes layer (narrow arrow) and granulation
layer around oil pooling (wide arrow).

tion, and the enhanced CT scanning was started at 80
seconds after the intravenous injection.

MicroPET system and data acquisition
The MicroPET P4 system (Concorde Microsystems Inc.,
Knoxville, TN, USA) was used in this study. The system
is composed of 168 detector modules, each with an 8 × 8
array of 2.2 × 2.2 × 10 mm3 lutetium oxyorthosilicate
(LSO) crystals, arranged as 32 crystal rings 26 cm in
diameter. The detector crystals are coupled to Hamamatsu
R5900-C8 position-sensitive photo-multiplier tubes (PS-
PMT) via 10 cm long optical fiber bundles with a spatial
resolution of 1.75 mm full-width of a half maximum
(FWHM) at the center of the field of view (FOV). It has a
7.8 cm axial extent, a 19 cm diameter transaxial FOV and
a 22 cm animal port. The data were stored in the list-mode
by a host PC running Windows XP.

The animals with inflammatory lesions or tumor le-
sions were anesthetized with intramuscular administra-
tion of ketamine (80 mg) and xylazine (8 mg) after a 4-
hour fast. After securing the rabbits with a fixative material,
transmission scans were performed for 15 min with an 18
MBq 68Ge/68Ga point source to obtain attenuation correc-
tion data. Then, 55–111 MBq of 18F-FDG was adminis-
tered intravenously at a maximum volume of 2.0 ml via an
ear vein. After the intravenous FDG injection, the emis-
sion data were acquired dynamically for 2 hours with an
energy window of 350–650 keV and a coincidence timing
window of 6 ns. All emission scans were corrected for
random coincidences and normalized for detector
efficiencies. The normalized data were collected by the
68Ge/68Ga external point source. Images were recon-
structed every 10 minutes by a filtered back-projection
(FBP) algorithm with attenuation correction. Images were
smoothed by using a Gaussian kernel with an FWHM of
1.97 mm in the transverse direction.

Image Analysis
Visual Interpretation
After comparing the FDG-microPET image with the CT
image, we visually evaluated FDG uptake in the inflam-
matory lesions and tumor lesions.

Quantitative Interpretation
Regions of interest (ROIs) of suitable size were set as 3
polygonal ROIs in inflammatory lesions, tumor lesions,
and muscle tissue for measuring counts and these means
were calculated. For the inflammatory lesions and tumor
lesions the ROIs were selected from the areas of highest
FDG uptake in them, whereas the muscle ROIs were
selected at gluteus muscles not apparently affected by the
uptake in inflammatory lesions or tumor lesions. The
inflammation-to-muscle (I/M) ratio and tumor-to-muscle
(T/M) ratio were calculated from these means. The time-
I/M ratio and time-T/M ratio curves (TRCs) were pre-
pared to see the change over time in these ratios. The
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non-parametric Wilcoxon rank sum test was used for
testing statistical significance, taking p < 0.05 as significant.

Histological findings
After acquiring FDG-microPET imaging, the animals
were sacrificed promptly and their tissues were removed.
Their tissue sections were prepared after fixation in for-
malin, and then they were H-E stained. The histological

appearance of both inflammatory lesions at different time
points and tumor lesions were examined and compared
with the CT and FDG-microPET images.

RESULTS

Inflammatory lesions
CT image
CT, FDG-microPET and histological images of each time
point in Group 1 and Group 2 are summarized in Figure 1
and Figure 2, respectively. The size in the anterioposterior
direction ranged from 2 cm to 5 cm in both groups. The
site where the turpentine oil was injected into the paraver-
tebral muscle showed a low density on plain CT images,
and a ring like enhancement was seen around the low-
density area on the enhanced CT images. There were no

Fig. 2   The enhanced CT images (left), the FDG-microPET
images (middle) and the photomicrograph stained by H-E (right)
of inflammatory lesions induced in the bilateral paravertebral
muscles on 2 days (a), 5 days (b), 7 days (c), 14 days (d), 30 days
(e) and 60 days (f) after 1.0 ml turpentine oil injection. The
enhanced CT images demonstrated the ring-like enhancement
around the central low density area considered as oil or necrosis.
The FDG-microPET images showed the high uptakes in the
bilateral paravertebral muscles corresponding to the enhanced
lesions in CT images. Photomicrographs were H-E stained and
showed as ×40. Photomicrographs demonstrated histiocytes
layer and granulation layer around oil pooling.

Fig. 3   The TRCs of the I/M ratio in Group 1 (left side) and
Group 2 (right side) on 2 days (a), 5 days (b), 7 days (c), 14 days
(d), 30 days (e) and 60 days (f) after turpentine oil injection.
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major changes in the shape of the image from Day 2 to Day
60. Group 2 had a larger and more spreading low-density
area in the cephalocaudal direction along the muscle
fibers than Group 1.

FDG-microPET image
Visual evaluation of Group 1 yielded the following findings
(Fig. 1). FDG uptake was relatively low on Day 2. On Day
5, The FDG uptake became higher and showed an increas-
ing trend over time. The uptake was higher on Day 7 and
Day 14 than on Day 5. On Day 7 and 14, the uptakes
showed an increasing trend up to 2 hours, but these had
low uptake areas in the center. The uptake was low on Day
30 and Day 60 compared to Day 7 or 14, and especially on
Day 60 the uptake was low and showed little change over
time. In Group 2, the results of each time point were
similar to those of Group 1 (Fig. 2), but on Day 60 there
was higher FDG uptake than in Group 1 and it showed a
mild increasing trend up to 2 hours. Group 1f and Group

2f also showed similar uptakes as mentioned above for
Group 1 and Group 2 respectively.

For quantitative evaluation, the I/M ratio of Group 1
and the T/M ratio are shown in Table 1. The I/M ratio of
Group 2 and the T/M ratio are shown in Table 2. The TRCs
of the I/M ratio at each time point for both amounts of oil
are shown in Figure 3. The TRCs of the I/M ratio in Group
1 and Group 2 showed parabolic increasing curves over
time except that on Day 60 of Group 1, which showed no
change over time. In Group 1f and Group 2f, the TRCs of
the I/M ratio of each time point showed parabolic increas-
ing curves similar to those of Group 1 and Group 2,
respectively. The I/M ratios of both groups remained high
up to 2 hours on Day 14 compared to the other days and
showed low ratios on Days 30 and 60 (Fig. 4).

Histological findings
Group 1 and Group 2 gave similar histological results
(Figs. 1, 2). On Day 2, histiocyte invasion was seen around
the injected oil. On Day 5, the histiocyte layer had become
thicker and showed signs of acute inflammation, a central
necrotic area with oil pooling was seen, and fibroblasts
were observed around the histiocytes. From Day 7, a
granulation layer of proliferating fibroblasts suggestive of
chronic inflammation was observed. On Day 14, the
granulation layer had thickened further and residual oil
and necrosis were seen in the center. On Days 30 and 60,
the granulation layer had enlarged almost encircling the
central necrotic area, neovascularization was observed
around the granulation layer, and the layer associated with
acute inflammation had shrunk.

Tumor lesions
CT image
CT, FDG-microPET and histological images of each time
point are summarized in Figure 5. Tumor lesions were
found as masses on both calf muscles. The size of tumors
ranged from 2 cm to 5 cm in diameter. The low-density
areas in the center of the masses were seen on plain CT
images, and a ring like enhancement was seen in the
peripheral lesions of the masses on enhanced CT images.
The size of peripheral ring enhancement showed almost
the same thickness, while the central low density area
showed differences in size between tumors.

FDG-microPET image
Visual evaluation revealed a ring-shaped pattern of high
FDG uptake and increasing uptake over time. Quantita-
tive evaluation showed that T/M ratio increased over
time, the TRC of the T/M ratio showed a linear increasing
curve (Fig. 5).

Histological findings
The mass had peripheral viable tumor tissues and central
necrotic tissues. The outside region of the viable tumor
tissues had mild infiltration of inflammatory cells.

Fig. 4    The change of the I/M ratios obtained 10, 30, 60, 90 and
120 min after intravenous FDG injection from day 5 to day 60
after oil injection in Group 1f (a) and Group 2f (b). The I/M ratio
of each obtained minutes showed highest on day 14 in both
groups.
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Statistical analysis
Regarding the I/M ratios of Group 1 (Table 1), the I/M
ratio on Day 7 showed a significant difference from 90
min after intravenous FDG injection with the T/M ratio.
The I/M ratios on Days 2 and 60 showed a significant
difference from 30 min with the T/M ratio. The I/M ratio

on Days 2, 5, 14, 30 and 60 showed a significant difference
from 40 min with the T/M ratio. Regarding the I/M ratios
of Group 2 (Table 2), the I/M ratios on Days 2, 5, 7 and 60
showed a significant difference from 40 min after intrave-
nous FDG injection with the T/M ratio. The I/M ratio on
Days 14 and 30 showed a significant difference from 50
min with the T/M ratio.

As described above, most of the I/M ratios showed a
significant difference from 40 min with the T/M ratio, and
therefore, the increasing rate using the I/M ratio or T/M
ratio at 40 min after intravenous FDG injection (IR40) was
defined as below; I/M ratio or T/M ratio divided by the I/
M ratio or the T/M ratio at 40 min after intravenous FDG
injection. The IR40 of the I/M ratios of both groups and
that of the T/M ratio area are shown in Figure 6. The IR40

of the I/M ratio on all days increased over time except that
the RI of Group 1 on Day 60 showed a horizontal curve.
The IR40 of the T/M ratio showed a linear increasing
curve. There was a significant difference between the
tumor lesions and the inflammatory lesions of both groups
on all days since 70 min or more after intravenous injec-
tion.

  DISCUSSION

It is often difficult to differentiate tumors from inflamma-
tory lesions using FDG-PET, because both show high
FDG uptake. Additional delayed images are reported to
have the capability to improve the diagnostic impact.
Although there is no clear consensus on the appropriate
time to acquire the delayed images, it is desirable to
acquire them as early as possible, considering the stress
caused to the patient because of the long fasting period
requirement. MicroPET scanner also gives a higher reso-
lution than clinical PET scanner. We therefore performed
continuous FDG-microPET imaging for up to 2 hours
using a microPET with rabbits having inflammatory or
tumor lesions to decide the optimum time point for acquir-
ing the additional delayed image.

Even in the 0.2 ml group on Day 7, which showed the
highest uptake by inflammatory lesions, there were sig-
nificant differences between I/M and T/M from 90 min

Fig. 5    The enhanced CT images (a), the FDG-microPET images (b), the photomicrograph stained by
H-E (c) and the TRC of T/M ratio (d) of a rabbit with VX2 tumor in the bilateral thighs.

Fig. 6    The time-ratio using the I/M ratio or T/M ratio at 40 min
after intravenous FDG injection (TR40). The TR40 of the I/M
ratio on all days increased over time except the RI of Group 1 on
Day 60 showing the horizontal curve. The TR40 of the T/M ratio
showed a linear increasing curve. There was a significant
difference after 70 min between the TR40 of tumor lesions and
that of inflammatory lesions of both groups on all days.
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onwards. I/M ratios on many other days were signifi-
cantly different from T/M as early as 40 min.

If inflammatory and tumor lesions are to be differenti-
ated at one time point only, the tumor can be differentiated
from inflammation with an image acquired at 90 min or
later.

As FDG uptake in tumor lesions was significantly
different from those in inflammatory lesions after 40 min
on most of the observations days, the optimum imaging
time for additional delayed images was investigated using
retention indices as shown in the results when the early
image was acquired at 40 min. For the experimental
models used in this study, the delayed image could be
acquired at 70 min, the time point at which significant
differences in the retention index started showing up.
Thus, it became clear that a time lag of 30 min was
required after the early imaging.

The procedure for creating inflammatory lesions with
turpentine oil is simple and easy, and therefore it is an
effective method. Inflammatory lesions as one of the
observation targets in this study were induced using

0.2 ml and 1 ml of turpentine oil, and both amounts
induced stable inflammatory lesions. In the lesions
created with 1 ml, the inflammation persisted for a long
time, and did not enter the healing phase up to Day 60.
Meanwhile, in the lesions induced with 0.2 ml oil, the
inflammation subsided by Day 60 to an extent where
abnormal FDG uptake was not observed. This means that
we can make observations at the acute, chronic and
healing phases of the inflammation.

FDG uptake in the inflammatory lesions was mildly
elevated on Day 2. The uptake increased over time from
Day 2 up to Day 14, but it became less by Day 30 and Day
60. Zhao et al. reported that the FDG uptake in turpentine
oil-induced inflammation declined within 2 weeks as the
inflammation cleared.20 These findings differ from our
results, probably because they used a different absolute
amount of turpentine oil, and the experimental animals
were rats.

In our study, histological examination of the tissue
showed histiocyte infiltration from Day 2 as a sign of
acute inflammation. The histiocyte infiltration peaked on

Table 1   I/M ratio of Group 1 and T/M ratio

time (min) 2 days after 5 days after 7 days after 14 days after 30 days after 60 days after Tumor#

injection# injection# injection# injection# injection# injection#

10 1.95 ± 0.41 2.90 ± 0.48 2.74 ± 0.69 2.33 ± 0.76 2.16 ± 0.34 2.65 ± 0.65   3.79 ± 2.65
20 2.36 ± 0.35* 2.81 ± 0.39 3.17 ± 0.58 2.98 ± 0.97 2.57 ± 0.30 2.99 ± 0.84   4.91 ± 3.18
30 2.77 ± 0.30* 2.92 ± 0.37 4.20 ± 1.07 3.29 ± 1.08 2.88 ± 0.35 2.79 ± 0.87*   5.93 ± 3.34
40 3.07 ± 0.36* 3.06 ± 0.33* 4.79 ± 1.46 3.60 ± 1.05* 3.02 ± 0.35* 2.75 ± 0.86*   6.94 ± 3.76
50 3.20 ± 0.37* 3.05 ± 0.38* 5.13 ± 1.63 3.73 ± 1.01* 3.22 ± 0.39* 2.68 ± 0.80*   7.93 ± 3.76
60 3.50 ± 0.32* 3.14 ± 0.32* 5.50 ± 1.98 4.36 ± 1.31* 3.31 ± 0.50* 2.73 ± 1.10*   8.56 ± 3.66
70 3.39 ± 0.55* 3.20 ± 0.30* 5.50 ± 1.61 4.20 ± 1.14* 3.40 ± 0.58* 2.58 ± 0.92*   9.58 ± 4.41
80 3.44 ± 0.40* 3.11 ± 0.26* 6.10 ± 2.36 4.36 ± 1.18* 3.57 ± 0.65* 2.45 ± 0.82* 10.36 ± 5.14
90 3.39 ± 0.43* 3.08 ± 0.25* 5.66 ± 1.99* 4.56 ± 1.33* 3.48 ± 0.62* 2.56 ± 1.02* 10.97 ± 5.48

100 3.59 ± 0.54* 3.07 ± 0.20* 6.33 ± 2.68* 4.39 ± 1.32* 3.53 ± 0.50* 2.54 ± 1.09* 11.50 ± 5.59
110 3.48 ± 0.49* 3.30 ± 0.49* 6.44 ± 2.02* 4.96 ± 1.57* 3.38 ± 0.64* 2.65 ± 1.07* 11.59 ± 4.82
120 3.58 ± 0.62* 3.33 ± 0.34* 6.15 ± 1.51* 5.08 ± 1.61* 3.68 ± 0.59* 2.72 ± 1.27* 12.69 ± 6.12

#Mean ± S.D.  *p < 0.05 Values are comparison of tumor/muscle ratio

Table 2   I/M ratio of Group 2 and T/M ratio

time (min) 2 days after 5 days after 7 days after 14 days after 30 days after 60 days after Tumor#

injection# injection# injection# injection# injection# injection#

10 2.07 ± 0.40 2.67 ± 0.45 2.37 ± 0.67 2.26 ± 0.72 2.44 ± 0.48 2.86 ± 0.73   3.79 ± 2.65
20 2.43 ± 0.43 2.91 ± 0.43 2.66 ± 0.63* 3.05 ± 1.02 2.90 ± 0.56 3.51 ± 0.83*   4.91 ± 3.18
30 2.80 ± 0.45 3.21 ± 0.44* 2.94 ± 0.67 3.39 ± 1.00 3.21 ± 0.60 3.59 ± 0.87*   5.93 ± 3.34
40 3.09 ± 0.47* 3.31 ± 0.55* 3.23 ± 0.74* 3.73 ± 1.01 3.34 ± 0.70 3.85 ± 0.99*   6.94 ± 3.76
50 3.29 ± 0.48* 3.61 ± 0.54* 3.51 ± 0.84* 3.88 ± 1.00* 3.61 ± 0.88* 3.84 ± 0.99*   7.93 ± 3.76
60 3.50 ± 0.48* 3.84 ± 0.48* 3.70 ± 0.96* 4.06 ± 1.14* 3.82 ± 1.09* 4.32 ± 1.35*   8.56 ± 3.66
70 3.52 ± 0.55* 4.05 ± 0.56* 3.63 ± 0.76* 4.22 ± 1.27* 3.89 ± 1.18* 4.17 ± 1.32*   9.58 ± 4.41
80 3.61 ± 0.48* 4.11 ± 0.51* 3.66 ± 0.76* 4.25 ± 1.26* 4.18 ± 1.48* 4.11 ± 1.38* 10.36 ± 5.14
90 3.61 ± 0.47* 4.19 ± 0.57* 3.74 ± 0.82* 4.47 ± 1.15* 4.14 ± 1.52* 4.18 ± 1.35* 10.97 ± 5.48

100 3.83 ± 0.62* 4.29 ± 0.69* 4.05 ± 1.13* 4.54 ± 1.42* 4.20 ± 1.34* 4.18 ± 1.40* 11.50 ± 5.59
110 3.72 ± 0.53* 4.39 ± 0.54* 4.16 ± 1.37* 4.48 ± 1.35* 4.68 ± 2.20* 4.97 ± 2.22* 11.59 ± 4.82
120 3.89 ± 0.70* 4.50 ± 0.78* 4.25 ± 1.04* 4.67 ± 1.47* 4.72 ± 1.97* 4.96 ± 1.94* 12.69 ± 6.12

#Mean ± S.D.  *p < 0.05 Values are comparison of tumor/muscle ratio
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Day 7 and decreased by Day 14. Fibroblasts appeared on
Day 5, and their number peaked on Day 14. The changes
in FDG uptake with the passage of days seemed to reflect
FDG uptake in these tissues. Kaim et al. reported that
FDG uptake was seen in histiocytes and fibroblasts.21  Our
results support their findings. Proliferation of collagen
fibers was seen on Day 30 and Day 60 in the parts where
the fibroblasts were seen earlier, and this was the likely
cause of the observed lack of FDG uptake.

From Day 2 to Day 14, the 0.2 ml turpentine oil group
(Group 1) and the 1.0 ml group (Group 2) did not differ in
FDG uptake or histological appearance. However, on Day
30 and Day 60 inflammatory lesions of Group 2 showed
higher uptake than those of Group 1. This difference may
be due to the difference in the amount of oil. In other
words, in the inflammatory lesions induced with large
amounts of oil, it took longer for the oil absorption and the
acute inflammation zone to shrink and undergo fibrosis in
the healing process.

The tumor lesions showed no FDG uptake in the central
necrotic area, but the surrounding area of viable tumor
cells showed increased FDG uptake over time. Chang et
al. investigated lung carcinoma-bearing mice with
microPET and reported that the FDG uptake reached a
plateau at 60 min and after that uptake became lower up
to 120 min.1

Kok et al. investigated FDG uptake in tumors and
inflammation using LS174T tumor-bearing rats and rats
with Escherichia coli inducing infectious inflammation
until 4 hours after FDG intravenous injection.22  They also
reported that the increase of the FDG uptake during the
first 1 hour was significantly higher and faster in the
abscess than in the tumor, but FDG uptake of both
remained stable during the next 3 hours. These findings
differ from our results, probably because they used a
different type of tumor.

There may be some limitations in clinical application
using the results of this study.

One of the limitations is that turpentine oil-induced
inflammation is a chemical inflammation. Regarding the
chemical nature of the turpentine oil-induced inflamma-
tion, the results may be clinically applicable in certain
cases because sometimes there are non-bacterial chemi-
cal inflammations such as very acute pancreatitis. Also,
Zhao et al. reported that there was no significant differ-
ence in FDG uptake between Streptococcus-induced and
turpentine oil-induced inflammation.23 Okuma et al. re-
ported that ring-shaped FDG uptakes were seen after
radiofrequency ablation of normal lungs coinciding with
inflammation and the highest FDG uptakes were seen
after 7 to 14 days after radiofrequency ablation.24 Their
results had the same duration of inflammation as our
results. Studying FDG uptake in turpentine oil-induced
inflammation may not yield the same results as with other
kinds of inflammatory lesions, but it is meaningful as a
method of studying inflammatory lesions.

Another limitation is that the test animals were rabbits,
which have very high intestinal uptake. We cannot rely
on the SUV values for quantitative evaluation, because
rabbits show high levels of physiological uptake in the
intestine as pointed out by Ishii et al.25,26 Therefore, we
used the same I/M and T/M ratios for evaluation as Ishii
et al. used in their study. The T/M ratio showed a linear
increase over time, but the increase of the I/M ratio over
time was linear on none of the days, and the increase was
mild at most.

The limitations also include that the VX2 tumor used to
make the tumor lesions is a very malignant tumor. The
significant difference observed could be because of the
very malignant nature of the VX2 tumor and we cannot
extend these results directly to clinical application. It is
interesting that the significant difference in uptake be-
tween the tumor lesions and inflammatory lesions of all
the stages appeared after no less than 90 min in spite of the
high malignancy of the tumor.

Using microPET scanner, the changes in FDG uptake
in inflammatory lesions over time could be observed in
the same animals on different days, although some ani-
mals had to be sacrificed at different stages in the present
study for correlating the uptake with the histological
findings.

CONCLUSION

We investigated the optimum time for acquiring delayed
images, by continuous FDG-PET imaging up to 2 hours
after intravenous FDG injection, using inflammation and
tumor lesions created in rabbits. Imaging at 90 min or later
after intravenous FDG injection was necessary for differ-
entiating malignant from benign lesions in single-time-
point imaging. With dual-time imaging, it may be neces-
sary to acquire the delayed image 30 min after the early
image under the condition that the early image is acquired
at 40 min. Thus, the FDG-PET study could be completed
earlier with dual-time-point imaging than with single-
time-point imaging.
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