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ABSTRACT

Article type:

Objectives: The monitoring of cancer treatment response to chemotherapy is considered an essential
strategy for follow-up of patients. The aim of this study was to evaluate the use of 99mTc-glucarate as a
radiotracer for in vivo quantification and visualization of necrotic area and therapeutic effect of
paclitaxel in ovarian cancer xenografted nude mice.
Materials and Methods: After implantation of human ovarian cancer (SKOV-3) in nude mice, tumor
xenografted mice were enrolled in two groups as control and treatment (paclitaxel) groups. 99mTcglucarate uptakes were quantified in tumors of control and treatment groups and also tumor imaging
was performed with a gamma camera. The necrotic and viable areas of tumor and tumoral masses were
evaluated through histopathological and macroscopic observations, respectively.
Results: 99mTc-glucarate uptake in tumor of treatment group was higher than control group. 99mTcglucarate uptake in ovarian tumor was clearly visualized with gamma imaging in both groups, but
paclitaxel treated group showed higher radioactive uptake than control mice. The necrotic area in
tumoral mass of mice treated with paclitaxel was confirmed by histopathological observations.
Conclusion: 99mTc-glucarate is an effective radiotracer for evaluation and monitoring of tumor necrosis
caused by chemotherapy, and it may be helpful for therapy monitoring in patients with cancer.
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Introduction

Ovarian cancer is the one of the most common
cancer of the female reproductive system (1, 2). Despite
surgery and chemotherapy for treatment of patients
with advanced ovarian cancer, five-year survival rates
were reported to be 36% and 8% for stage III and stage
IV, respectively (1, 2). Chemotherapy is one of the most
common strategies for cancer treatment. Anti-cancer
agents inhibit the division of rapidly growing cells,
which is a characteristic of the cancerous cells.
Paclitaxel (Taxol®) is widely used as a chemotherapy
agent for the treatment of various cancers such as
metastatic breast cancer, advanced ovarian cancer, and
non-small cell lung cancer (3, 4).
The tubular/microtubular system is suggested as an
intercellular target for paclitaxel (5). But, the exact
mechanism of the cytotoxicity of paclitaxel against
tumor cells is still under investigations. Yeung
et al. proposed that paclitaxel-induced cell death
occurs through two modes, apoptosis at low concentra-

tion and necrosis at high concentration (6).
Paclitaxel induces necrosis and apoptosis in human
endothelial cells (7). Paclitaxel is used an effective antineoplastic agent on various cancers, especially ovarian
cancer (3). Paclitaxel causes necrotic area in ovarian
tumor xenografts in animal (8). Current standard
diagnostic techniques for staging of ovarian cancer are
measuring the level of CA-125 (Mucin 16) in serum and
ultrasonography (9).
Because of the deficiency of medical diagnostics
tools in early detection of disease, most patients with
ovarian cancer have advanced disease at the time of
diagnosis (10). For patient who progresses on cancer
treatment, the efficacy of paclitaxel should be
monitored during the therapy. For this reason, for
planning and following-up of treatment in many
cancers, 18F-fluorodeoxyglucose (18F-FDG) as positron
emission tomography (PET) is used for monitoring of
cancer treatment; it has sensitivity of 91% and
specificity of 88% (11).
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Due to high cost and low accessibility in many areas
of the world, the use of 18F-FDG is limited; therefore, it
is necessary to find a substitute technique and proper
radiopharmaceutical agent instead of 18F-FDG (12).
99mTc-glucarate has been used as a radiopharmaceutical
agent for imaging of myocardial infarction (13, 14),
acute cerebral injury (15) and in tumors (16-18).
Accumulation of 99mTc-glucarate in normal and
apoptotic cells is less than necrotic cells (19). Glucarate
is a metabolite of D-glucuronic acid as a natural
product, which has low molecular weight with sixcarbon dicarboxylic acid structure that could be labeled
with 99mTc (20). 99mTc-glucarate could be used in singlephoton emission computed tomography (SPECT) that is
more cost-effective and accessible than 18F-FDG (12).
The aim of this study was to evaluate the use of 99mTcglucarate in the assessment of necrotic area and
therapeutic effect of paclitaxel in ovarian cancer
xenografted nude mice. The results of 99mTc-glucarate
uptake and tumor imaging were compared with
pathological data.

Materials and Methods

Glucaric acid (D-saccharic acid potassium salt) was
purchased from Sigma (USA). Paclitaxel was purchased
from Sobhan Oncology Company (Rasht, Iran). The
99mTcO4Na was eluted from a 99Mo/99mTc radionuclide
generator (Parsisotope, Tehran, Iran). Radiochemical
purity was assayed with instant thin layer
chromatography (ITLC). The distribution of radioactivity on the ITLC strips was quantized using a
Lablogic mini-scan TLC scanner and analyzed with
Laura image analysis software (Shefﬁeld, UK).
Radioactivity in the samples was measured using a
NaI(Tl) gamma detector (Delshid, Iran).
Preparation of 99mTc-glucarate
99mTc-glucarate was prepared according to a method
that was previously published by Babbar and Sharma
with minor modifications (21). The single-vial
compositions were 12 mg mono potassium glucarate, 0.1
mg SnCl2.2H2O, and sodium bicarbonate in saline.99mTcglucarate was obtained after adding about 278 MBq of
99mTcO4Na to vial (pH 8). The mixture was shaken for one
minute and allowed to react at room temperature for 20
min. Then, 200 μl HCl (0.1 N) was added to mixture for
adjusting pH to 7-7.5. Radiochemical purity (RCP) was
determined by ITLC strips developed in 0.9% saline and
methyl ethyl ketone (MEK). In the ITLC strip developed
by saline, 99mTc-colloid remained at the origin while
99mTc-glucarate and free 99mTc migrated at the solvent
front. In the ITLC strip developed by MEK, 99mTcglucarate remained at the origin while the free 99mTc was
at the solvent front.
Tumor model
All animal experiments were approved by Research
and Ethical Committee of Mazandaran University of
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Medical Sciences, Sari, Iran. The study was performed
on female nude mice bearing human ovarian tumor
(SKOV-3). SKOV-3 cell line was purchased from the
Pasture Institute of Iran (Tehran, Iran) and cultured in
Dulbecco's Modified Eagle's medium (DMEM) medium
supplemented with 10% fetal bovine serum (FBS) and
penicillin–streptomycin (Gibco, Grand Island, NY) at 37
°C in a humidified environment and 5% CO2. Female
nude mice (3 to 5-week-old, 14-18 g) (Institute Pasteur,
North Branch, Amol, Iran) were inoculated
subcutaneously in the right hind leg with SKOV-3 cells
(1×107) in 100 µl of complete DMEM. After 48 hrs of
tumor implantation, all the tumor-bearing mice were
divided randomly into two groups as control and
treatment groups. As soon as the tumor was palpable
(0.25 mm3), the tumor measuring was started and it
was stated as day 1. Paclitaxel treatment was started
when the tumor volume of the mice reached 200–250
mm3 (on day 14 after tumor inoculation). Tumor sizes
were measured every day to evaluate the antitumor
efficacy of paclitaxel. Tumor-bearing mice were
received intraperitoneally paclitaxel (40 mg/kg total
dose over 2 duration or 20 mg/kg drug on a q7d×2
schedule). Control animals were received normal saline
in same manner to treatment group.
Tumor measurements were made using a vernier
caliper while mice were conscious and were calculated
according to formula as a standard practice (tumor
volume = xy2/2). The length (x) is considered to be
equivalent to the greatest longitudinal diameter and
this considered to be equivalent to the greatest
transverse diameter (22, 23).
Biodistribution
99mTc-glucarate was injected into the tail vein of
both groups (treatment and control) of mice bearing
tumors. The mice were sacrificed at 30 min postinjection. Blood and samples from the lung, liver, spleen,
salivary gland, stomach, kidney, muscle, bone and tumor
were dissected and weighed, and their radioactivities were
measured. The tissue uptake values were calculated as
percent of injected dose per gram tissue (%ID/g).

Figure 1. Tumor size changes in nude mice bearing human ovarian
tumor in control group and following injection of paclitaxel treatment
group (n = 4)
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Tumor gamma camera imaging
Planar imaging studies were carried out with
anesthetized SKOV-3 tumor-bearing mice to acquire a
visual confirmation of the tumor uptake. Images were
acquired at 30 min post-injection of 99mTc-glucarate
using an E-CAM dual head (Siemens Medical Solutions,
Germany) equipped with a low energy high-resolution
collimator.
Histological analysis
The tumoral specimens were fixed in 10% formalin,
processed routinely, embedded in paraffin, sectioned at
5 μm, deparaffinized and stained with hematoxylin–
eosin (H&E). Slides from each group were investigated
by an observer blinded to the treatments. An Olympus
microscope at × 20 magnifications was used to evaluate
the effect of paclitaxel on cell density, necrosis, fibrosis
and neovascularization.
Statistical analysis
Data were statistically analyzed using Excel
software (Microsoft office, USA) using unpaired t-test.
For all tests, P-values less than 0.05 were considered
significant.

Results

Preparation of 99mTc-glucarate
99mTc-glucarate was obtained with a radiochemical
purity more than 98% (n = 10) (Supplementary Figure
S1 and S2). The stability of 99mTc-glucarate was
assessed in normal saline and it was 98% ± 0.03 up to
4 hr (Supplementary Figure S3).
Tumor growth and paclitaxel therapy
Nude mice bearing ovarian tumor were injected
with paclitaxel on day 14 after tumor sizes were 200 –
250 mm3 (Figure 1). Tumor sizes were increased
rapidly in control group, while paclitaxel treatment
resulted in tumor growth inhibition (P< 0.05). At the
end of 11 day of paclitaxel therapy, 99mTc-glucarate was
injected and animal biodistribution was conducted. At
this time, the result of tumor growth experiment
showed that paclitaxel inhibited tumor growth in
animal.

Figure 2. Histopathological findings of the effect of paclitaxel on
ovarian cancer tissue (SKOV-3). (A) Control group (B) treatment with
paclitaxel (20 mg/kg/week) for 11 days. Histopathological analysis of
tumoral masses treated with paclitaxel showed increase in necrotic
and fibrotic areas versus control. Sign red star shows necrosis of
tumoral mass. Sign green star shows the neovascularization (H & E. ×
400). Scale bar = 100 µm
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Figure 3. Whole body images of mice bearing human ovarian cancer
were injected 99mTc-glucarate. Human ovarian cancer xenografted
mice are control and paclitaxel treated animals. Tumor-background
ratio is about 2-fold higher in paclitaxel treated mice as compared to
control mice

Biodistribution of 99mTc-glucarate
Biodistribution data in nude mice bearing ovarian
tumor at 30 min post-injection of 99mTc-glucarate are
presented in Table 1. The tumor uptake of 99mTcglucarate was higher than muscle uptake in both
groups of control and paclitaxel treatment. Tumor
uptake of the 99mTc-glucarate was higher in necrotic
tumors (4.71 ± 0.9% ID/g) than in control tumors (3.05
± 0.4% ID/g) (P <0.05). The tumor-blood ratio was 0.7
± 0.1% ID/g and 0.93 ± 0.4% ID/g in control and
treatment groups, respectively. The tumor-muscle ratio
was 2.71 ± 0.3% ID/g and 3.45 ± 0.4% ID/g in control
and treatment groups, respectively. The highest normal
organ uptake of radioactivity was observed in the
kidneys that exhibited the main excretory route of
99mTc-glucarate is renal system, also low radioactivities
were observed in liver and intestines.
Macroscopic observation of tumors
In macroscopic study, in all nude mice, tumoral
mass developed for 24 days after ovarian cancer
(SKOV-3) implantation. When paclitaxel administration
was started, tumoral tissue volume in the treatment
group showed a decrease of 2.5 fold at end of
experiment (Figure 1).
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Table 1. Biodistribution of 99mTc-glucarate in female nude mice bearing human ovarian SKOV-3 tumors at 0.5 hr post-injection
Tissue
Blood
Heart
Lung
Salivary glands & Thyroid
Liver
Spleen
Kidney
Stomach
Muscle
Bone
Intestine
Tumor

Control

Treatment (paclitaxel)

%ID/g

Tumor/organ#

%ID/g

Tumor/organ

4.47 ± 1.00
1.36 ± 0.33
3.69 ± 0.80
1.99 ± 0.04
2.94 ± 0.71
1.03 ± 0.27
49.22 ± 7.77
1.39 ± 0.25
1.14 ± 0.23
2.09 ± 1.25
3.29 ± 0.26
3.05 ± 0.47

0.70
2.38
0.88
1.53
1.12
3.06
0.06
2.27
2.71
1.36
0.93

5.90 ± 2.86
2.83 ± 0.75
4.45 ± 2.01
3.05 ± 1.39
4.43 ± 0.46
1.94 ± 0.18
59.85 ± 14.06
2.32 ± 0.66
1.38 ± 0.17
2.29 ± 0.79
4.66 ± 0.75
4.71 ± 0.96*

0.93
1.75
1.24
1.77
1.08
2.45
0.08
2.21
3.42*
2.24
1.01

Each value is the mean ± SD for four mice.*Significant difference between control and paclitaxel therapy, P<0.05. #Tumor/organ means the ratios of
tumor per each tissue as tumor/blood, tumor/heart, tumor/lung, etc.

In the treated group, tumoral masses seemed soft
tissues that were easily separated from the
surrounding tissue. While in the control group, tumoral
specimens had a firm consistency and infiltrated into
the muscle adjacent to the site of ovarian cancer cell
implanted. Tumoral tissue completely attached to the
muscle and separating the tumoral mass from the
surrounding tissue was difficult. It was clear that
paclitaxel was able to inhibit the tumor metastasis of
ovarian cancer to surrounding tissue. So, treated group
had less severity of metastasized ovarian cancer as
compared to the control group.
Histopathological findings
Cancer tissue grew actively in the control group. In
microscopic study, multinucleate and high cellularity of
ovarian cancer was observed in the control group.
Administration of paclitaxel induced the necrotic and
fibrotic areas with inhibition of angiogenesis in cancer
tissue. Paclitaxel could suppress ovarian tumor growth
and inhibit the neovascularization and cell proliferation
in tumoral mass. The histopathological findings showed
about 20-30% necrosis in tumor samples in paclitaxel
treated mice (Figure 2).
Tumor imaging
The tumor imaging of female nude mice bearing
tumor was evaluated with SPECT at 30 min postinjection of 99mTc-glucarate. The uptake of 99mTcglucarate was observed in tumors of control and
paclitaxel treated mice (Figure 3).
Tumor can be observed in SPECT scan in control
and treated mice; however, tumor visualization in
treatment group was more than control mice. The
radioactivity uptakes were measured as tumor to
muscle ratios in control and paclitaxel treated mice.
These ratios were 3.66 and 8.14 for control and anticancer treated mice, respectively. Imaging finding
showed higher tumor to muscle ratio (2 fold) than
biodistribution data (1.3 fold) in control and paclitaxel
treated mice.
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Discussion

The therapeutic strategy in induction of necrotic
pathways converges to achieve a more effective
treatment of cancer. Evaluation of necrosis seems to be
important for monitoring cancer treatment efficacy in
patients. Non-invasive molecular imaging techniques,
such as 18F-FDG-PET have become an essential imaging
tool for the assessment of ovarian cancer treatment
(24, 25). 18F-FDG-PET was applied for determination of
treatment response in a pre-clinical mouse model of
human ovarian cancer xenografts in mice (A2780)
treated with carboplatin and paclitaxel. 18F-FDG uptake
was lower (about 1.3 fold) in the anti-cancers
treatment group as compared to the control group (26).
However, the use of PET is limited due to its high price
and unavailability in some areas (12). We showed that
99mTc-glucarate as a SPECT imaging agent could be used
for in vivo imaging and evaluation of necrotic cells in
ovarian tumor. 99mTc-glucarate has been used as tumor
imaging agent in malignancies of the chest, head and
neck, and breast (16-18, 27-30) and lately evaluation of
necrotic area in NSCLC tumor (31). 99mTc-glucarate
binds to exposed histones in necrotic cells (14, 30, 32).
It has been shown that tumors with higher amount of
necrosis have higher 99mTc-glucarate uptake than viable
cells (17, 18, 28-30). Paclitaxel treatment markedly
decreased 18F-FDG uptake in human ovarian cancer
xenografts in mice (A2780). 18F-FGD uptake is
associated with glucose uptake that is dependent to cell
survival and proliferation (25, 26). In our study, 99mTcglucarate uptake was increased in tumor of paclitaxel
treated mice with highly degree of necrosis. Since
necrotic cells are unable to uptake glucose, 99mTcglucarate is not mediated by glucose uptake in necrotic
cells and other mechanisms are involved in the 99mTcglucarate uptake in necrotic cells. Increased uptake of
99mTc-glucarate in necrotic cells could be due to the loss
of membrane integrity caused by necrosis, which leads
to enhance the penetration into the intracellular space,
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while no membrane damage occurs in viable cells and
99mTc-glucarate has no direct contact with histones. For
this reason, the uptake of 99mTc-glucarate varies
between necrotic and viable cells (30). Although the
exact mechanism of 99mTc-glucarate localization is not
understood, it is likely that negatively charged 99mTcglucarate is attracted to histones and other positively
charged proteins. 99mTc-glucarate based on the specific
chemical properties of diffusion can be actively or
passively transported into cells (14, 15, 27, 30).
In our study, 99mTc-glucarate represents appropriate
characteristics with low accumulation in non-tumor
soft tissue except in its excretion organs. The tumor
uptake of 99mTc-glucarate in treatment group was 4.71
± 0.96 ID/g% that was 1.54 fold higher than in control
group (3.05% ± 0.47 ID/g %). In our study, the mean
tumor to-muscle ratio for 99mTc-glucarate was 3.42±0.4
and 2.71±0.3 in treatment and control groups,
respectively. In other reported study, in U937 leukemia
bearing mice, the uptake of 99mTc-glucarate in necrotic
tumor was 1.71±0.2 ID/g% that was higher than nontreated control tumor 0.61±0.11 ID/g %, and the
tumor-muscle ratio was 5.76 ± 0.35 and 2.5 ± 0.4 in the
necrotic and control groups, respectively (30). The
higher tumor to muscle ratio and uptake for necrotic
U937 tumors could be due to a larger percent necrosis
per volume and the time of sacrificing animal after
injection. However, this study did not present any
SPECT imaging of tumor in control and treated nude
mice (30). In our study, the locations of ovarian tumors
in the mice thigh were observed in the SPECT images in
both groups that were injected with 99mTc-glucarate,
but tumor image was clearer in paclitaxel treated
animal than untreated animal.

Conclusion

Inhibiting the growth and proliferation of cancer has
become one of the effective strategies in cancer
chemotherapy. We examined the use of 99mTc-glucarate
as a radiotracer for assessment of paclitaxel-induced
tumor cell necrosis in nude mice. In paclitaxel -treated
group, it was observed more necrotic cells than in the
control group. The results showed that the uptake of
99mTc-glucarate was higher in necrotic area that was
caused by paclitaxel. Morphologic findings including
inhibition of neovascularization, necrotic area and cell
proliferation were more in paclitaxel-treated group as
compared to control group. Histopathological
examinations confirmed in vivo imaging and
biodistribution with 99mTc-glucarate that was able to
distinguish necrotic cells from viable cells.
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