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Abstract: When injected intravenously, [99mTc]Tc-phytate forms particles in the nanometer range. This size can favor 
its extravasation into tumor and inflammation through pores of the vasculature. The aim of this work is the evalua-
tion of the use of [99mTc]Tc-phytate to assess sterile inflammation in mouse models. Biodistribution studies of [99mTc]
Tc-phytate were performed in two groups of male Swiss Albino mice. Sterile inflammation was induced after intra-
muscular injection of turpentine in the first group (chemically induced sterile inflammation model) and after implan-
tation of sterile metal bolts in the second group (foreign-body induced sterile inflammation model). [99mTc]Tc-phytate 
was intravenously injected after the development of inflammation in both groups and ex vivo biodistribution of the 
radiolabelled complex followed at different time-points. Biodistribution was expressed as percent injected dose 
per gram (%ID/g). Target-to-background ratios were also recorded. For the chemically induced sterile inflammation 
model, ex vivo biodistribution evaluation measurements revealed a pronounced uptake in the inflamed muscle 
when compared to uptake in the control/non-inflamed muscle. Moreover, as expected, there is a high uptake in 
the liver and spleen. For the foreign-body induced sterile inflammation model, a significantly higher uptake was 
observed in the inflamed muscle post [99mTc]Tc-phytate injection, both for the 24 hours post-bolt implantation and 
for the 7 days post-bolt implantation groups. The nanoparticle properties of [99mTc]Tc-phytate are potentially useful 
in the imaging of different types of sterile inflammation with translational potential clinical SPECT (single photon 
emission computed tomography) imaging applications in humans.
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Introduction

[99mTc]Tc-phytate was first introduced by Sub- 
ramanian et al. in 1973 as a non-colloidal agent 
which, when injected intravenously, forms small 
particles in vivo by interaction with calcium and 
other cationic metals [1]. These particles have 
demonstrated extraction from the circulation 
via phagocytosis by the cells of the reticuloen-
dothelial system (RES), mainly in the liver, 
spleen and bone marrow [2]. Based on this 
mechanism, [99mTc]Tc-phytate may be used as 
an alternative to [99mTc]Tc-sulfur colloid or ra- 
diolabeled nanocolloids in liver imaging, main- 
ly for suspected focal nodular hyperplasia [3], 
bone marrow imaging (e.g. in conjunction with 

radiolabeled leukocytes for prosthetic joint in- 
fections [4]) and lymphoscintigraphy/sentinel 
lymph node identification [5].

However, new information has emerged over 
the decades which has led to the consideration 
of [99mTc]Tc-phytate as a radiolabeled nanopar-
ticle tracer with potential new applications [6, 
7]. First, the size of the particles has been 
found to fall within the nanoparticle range [8, 
9]. Second, the RES has evolved to the mo- 
nonuclear phagocyte system (MPS), a newly 
described organic entity which is comprised of 
all categories of phagocytic cells in the body, 
both stationary in various organs (e.g. liver, 
spleen, bone marrow etc.) or circulating in the 
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bloodstream. Examples of cell types participat-
ing in the MPS are the monocytes, the macro-
phages, and the dendritic cells, which play an 
important role in the immune response [9]. 
Third, the recent quest for nanoparticle-based 
drugs or drug delivery systems has brought 
forth the concept of the Enhanced Permeation 
and Retention (EPR) effect, which is the hypo- 
thesized mechanism by which nanoparticles 
are delivered in inflammatory, infectious and 
tumor lesions through appropriately-sized leaks 
in the vasculature that allow the passage of the 
nanoparticles and their subsequent phagocyto-
sis by cells present in these types of lesions 
[10, 11].

Based on the information provided by recent 
literature, the experiments presented in this 
article were designed with the aim to evaluate 
the ability of [99mTc]Tc-phytate to assess differ-
ent types of sterile inflammation induced either 
by a chemical or a foreign body in preclinical 
animal models through the nanoparticle prop-
erties of the radiolabeled tracer.

Materials and methods

All chemicals employed for this research were 
analytical grade. MeOH was purchased from 
Aldrich, USA. The 99mTc generator was pur-
chased from GE Healthcare. Saline was pur-
chased from Demo (Athens, Greece).

Biodistribution studies were performed using 
normal Swiss mice (20±2 g) of the same colony 
and age, purchased from the Breeding Facilities 
of the Institute of Biosciences and Applications 
NCSR “Demokritos”.

Ethics approval 

Animal experiments were carried out according 
to European and national regulations. These 
studies have been further approved by the 
Ethics Committee of the NCSR “Demokritos”. 
Animal care and procedures followed are in 
accordance with institutional guidelines and 
licenses issued by the Department of Agricul- 
ture and Veterinary Policies of the Prefecture of 
Attiki (Registration Numbers: EL 25 BIO 022 
and EL 25 BIO 021).

Radiolabelling of phytate and radiochemical 
purity

[99mTc]Tc-phytate was prepared by reconstitu-
tion of a commercial cold kit (Phytacis, IBA 

Molecular). An aliquot of 370 MBq of sodium 
[99mTc]pertechnetate (VII) was added to the vial 
and the solution was kept at room temperature 
(RT) for 15 min.

For quality control, the radiochemical yield  
was assessed by Thin-Layer Chromatography 
(TLC), as described in the Summary of Product 
Characteristics (SPC), using Whatman 1 mm 
strips with a two-solvent system: methanol and 
0.9% NaCl (80/20 v/v) as the solvent system. 
The radiolabelled product was kept at RT before 
use.

Ex vivo biodistribution studies

All applicable institutional and/or national gui- 
delines for care and use of animals were fol-
lowed. Mice were housed under constant en- 
vironmental conditions with 12 h light-dark 
cycles and had free access to food and water.

Chemical-induced sterile inflammation animal 
model

For the induction of inflammation, Swiss Albino 
mice were inoculated with 50 μL of pure tur- 
pentine oil in the left thigh muscle under slight 
ether anaesthesia [12, 13]. All animals devel-
oped an oedema 18 to 24 h after turpentine 
inoculation, which was visible to the naked eye.

Ex vivo animal experiments were performed in 
the animals with chemical-induced inflamma-
tion (20±2 g, n=9 animals). First, the animals 
were injected with 100 μL (3.7 MBq/0.1 mCi) of 
99mTc-Phytate via the tail vein. Animals were 
sacrificed by cardiectomy under slight isofluor-
ane anaesthesia at 1, 2, and 4 h post injection 
(n=3 animals per time-point). The different time 
points were selected in order to look for po- 
tential significant redistribution of the tracer, 
which would favour a specific time-point over 
the others for the identification of sterile inflam-
mation. The main tissues and organs (blood, 
heart, liver, stomach, intestines, spleen, lungs, 
pancreas, and bones) were excised, blotted  
dry and weighed. The inflamed thigh was ex- 
cised and trimmed of the neighbouring subcu-
taneous tissue. The muscle of the non-inflamed 
right thigh was also excised, for reasons of 
comparison. A standard was prepared from  
the injected radiotracer and was counted each 
time simultaneously with the tissues excised, 
allowing for measurements to be corrected  
for physical decay of the radioisotope. [99mTc]
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Tc-phytate distribution over time was expressed 
as injected dose per gram (%ID/g). 

Sterile biomaterial inflammation animal model

For the second experiment, sterile inflamma-
tion was induced with implantation of dry-steril-
ized stainless-steel bolts (180°C, 3 h). Before 
implantation, the mice were anaesthetized wi- 
th a mixture of ketamine/xylazine. An incision 
was carefully made in the left hind leg of each 
mouse, and one bolt was implanted.

Foreign-body-induced inflammation by bioma-
terials was assessed at 24 and 168 h post-
implantation (n=6, i.e. 3 mice per time-point), 
by injection of [99mTc]Tc-phytate (100 μL, 3.7 
MBq/0.1 mCi) via the tail vein. The time points 
were selected according to the pathophysiology 
of foreign body reaction where the persistence 
of the stimulus leads to prolonged inflammato-
ry response, in order to detect any differences 
in the early and late presence of radiolabelled 
particles at the site of inflammation. Animals 
were sacrificed by cardiectomy under slight  
isofluorane anaesthesia at 2 h post-injection, 
and the main tissues and organs (blood, heart, 
liver, stomach, intestines, spleen, lungs, pan-
creas and bones) were excised, blotted dry and 
weighed. The inflamed thigh was excised and 
trimmed of the neighbouring subcutaneous  
tissue. The muscle of the non-inflamed right 
thigh was also excised, for reasons of compari-
son. A standard was prepared and measured 
along with the tissue/organ samples, for rea-
sons mentioned above. [99mTc]Tc-phytate distri-

Ex vivo biodistribution evaluation revealed hig- 
her mean [99mTc]phytate uptake in the inflamed 
thigh compared to mean uptake in the control 
tissue/non-inflamed thigh at all time points as 
follows:

1 hour post injection: 0.44±0.07%ID/g ver- 
sus 0.14±0.08%ID/g, ratio: 3.1:1; 2 hours po- 
st injection: 0.48±0.12%ID/g versus 0.20± 
0.14%ID/g, ratio 2.4:1; 4 hours post injection: 
0.25±0.06%ID/g versus 0.16±0.06%ID/g, ratio 
1.5:1.

It is evident from the above values that the 
inflamed thigh: non-inflamed thigh (control thi- 
gh) ratio was higher at 1 hour post-injection. 
Moreover, there is a high uptake in the liver and 
spleen, as expected from the known biodistri-
bution of [99mTc]Tc-phytate. The results are pre-
sented in Figures 2 and 3.

Sterile biomaterial inflammation animal model

After injection of [99mTc]Tc-phytate and euthani-
zation at 2 h post-injection, mean uptake val-
ues at the site of implantation versus the mean 
uptake at the non-inflamed muscle were:

At 1 day post-bolt implantation: 1.13±0.20%ID/g 
versus 0.34±0.06%ID/g, ratio 3.3:1. At 7 da- 
ys post-implantation, 1.33±0.09%ID/g versus 
0.29±0.08%ID/g, ratio 4.6:1. (Figures 4 and 5).

It is evident from the above values that there  
is a higher inflamed/non-inflamed thigh ratio 
for the mice bearing bolts, at 1 day and 7  
days post-bolt implantation (3.28±0.10 and 

Figure 1. TLC chromatogram of 99mTc labeling of Phytate - Solvent system: 
MeOH:H20 80:20. In this system, the Rf of [99mTc]Tc-phytate is 0, while the Rf 
of uncomplexed 99mTc is 1.

bution over time was expre- 
ssed as injected dose per 
gram (%ID/g). 

Results

Results of the TLC and Quality 
Control of the radiolabelling:

1. PH=6. 2. Radiochemical 
purity =98±0.5%, Rf of [99mTc]
Tc-Phytate is 0, while the Rf  
of uncomplexed 99mTc is 1 
(Figure 1). 3. Stability of the 
complex up to 6 h (as recom-
mended in its SPC).

Chemical-induced sterile in-
flammation animal model
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4.66±0.005, respectively), in comparison to 
the chemical-induced model (2.38±0.01). We 
also observed an increase in radiotracer uptake 
in the inflamed/non-inflamed thigh ratio for the 
bolt model, from 1 day to 7 days, which may be 
attributed to ongoing inflammation, compatible 
with typical foreign-body reaction to biomateri-
al implantation, as previously described in lit-

sence of an infectious agent. The causes of cel-
lular damage that trigger sterile inflammation 
can be exogenous, such as trauma, chemical 
injury, foreign bodies or endogenous such as 
aberrant metabolic products, ischemia, and 
necrosis [16]. Our results are in agreement  
and expand on previously published results by 
Mota et al. [7], who reported increased [99mTc]

Figure 2. Results of [99mTc]Tc-phytate biodistribution in the chemical-induced sterile inflammation animal model. 
High activity is observed in the liver, spleen and kidney, representing the physiological distribution of [99mTc]Tc-
phytate. Activity in the inflamed thigh is significantly higher than in the non-inflamed counterpart at all time points.

Figure 3. Chemical-induced sterile inflammation animal model. Inflamed 
thigh to non-inflamed thigh [99mTc]Tc-phytate uptake ratios at 1, 2 and 4 
hours post-injection. The ratio is higher at 1 hour post-injection.

erature [14, 15]. Finally, the 
absolute mean values of 
[99mTc]Tc-phytate uptake we- 
re higher in the foreign-body 
inflammation model in com-
parison to the chemical-indu- 
ced inflammation model.

Discussion

In this study, we present the 
biodistribution of intraveno- 
usly injected [99mTc]Tc-phyta- 
te in mice, and demonstrate 
that there is increased [99mTc]
Tc-phytate uptake in sites of 
experimentally-induced ster-
ile inflammation mice with a 
satisfactory target-to-nontar-
get ratio. Sterile inflammation 
is defined as the activation of 
the innate immune response 
by cellular damage in the ab- 
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Tc-phytate uptake in images acquired from a 
zymosan-induced sterile inflammation rat mo- 
del. In our experiments, instead of zymosan 
which is a large biomolecule consisting of pro-
tein-carbohydrate complexes, intramuscular 
turpentine injection was used as an agent of 
chemical injury as well as intramuscular implan-
tation of a metallic bolt, in order to elicit a for-

imaging, although this is also influenced by a 
multitude of factors, such as the size of the 
lesion and the resolution of the imaging in- 
strumentation. Therefore, direct comparison 
between the mean uptake ratios in our models 
and the values reported by Mota et al. (up to 
10.24:1 [7]) is not reliable. However, based on 
our results, it is reasonable to speculate that 

Figure 4. Results of [99mTc]Tc-phytate biodistribution in the biomaterial sterile inflammation animal model. High 
activity is observed in the liver, spleen and kidney representing the physiological distribution of [99mTc]Tc-phytate. 
Activity in the inflamed thigh is significantly higher than in the non-inflamed counterpart in both groups of mice.

Figure 5. Biomaterial sterile inflammation animal model. Inflamed thigh to 
non-inflamed thigh [99mTc]Tc-phytate uptake ratio at 1 day and 7 days post-
implantation. The ratio is higher at 7 days after biomaterial implantation.

eign body reaction. Therefore, 
our study does not only pro- 
ve the reproducibility of the 
results provided by the study 
of Mota et al., but it provides 
further evidence that [99mTc]
Tc-phytate may be a useful 
imaging agent for any type of 
sterile inflammation, indepen-
dently of the cause.

The mean target-to-nontarget 
uptake ratio of [99mTc]Tc-phy- 
tate reached 3.1:1 for the 
chemical-induced sterile in- 
flammation model, and 4.6:1 
for the foreign-body-induced 
sterile inflammation model. 
These ratios are thought to 
represent high enough con-
trast for lesion detectability in 
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[99mTc]Tc-phytate uptake varies between differ-
ent types of sterile inflammation and may be 
more suitable for imaging certain aetiologies.

Moreover, comparison between timepoints of 
imaging show that early imaging (1-2 hours 
post-injection) is optimal and results in higher 
target-to-nontarget uptake ratio for all models. 
On the other hand, the optimal time for imaging 
after the stimulus that causes inflammation 
depends on the stimulus itself and the natural 
history of the reaction elicited. This is better 
highlighted in the foreign-body-induced sterile 
inflammation model, where the persistence of 
the stimulus, which is the foreign body, leads to 
a long-lasting response with accumulation of 
inflammatory cells and formation of giant cell 
tissue around the foreign body which may last 
for more than 2 weeks [14, 15]. Indeed, our 
measurements show that delayed assessment 
with [99mTc]Tc-phytate at 7 days after implanta-
tion results in a higher uptake ratio than as- 
sessment 1 day post-implantation.

The biodistribution of [99mTc]Tc-phytate is char-
acterized by the high uptake in the liver and  
the spleen in keeping with the known mecha-
nism of phagocytosis of the particles that  
phytate forms with calcium and other cations 
when injected intravenously by MPS cells [1]. 
Nanoparticles have been shown to be taken up 
and cleared by a variety of liver cells, mainly 
Kupffer cells, but also hepatic B cells and si- 
nusoidal endothelial cells, while attenuation of 
nanoparticles in the spleen is mainly due to 
macrophage populations [17, 18]. It seems rea-
sonable to speculate that the [99mTc]Tc-phytate 
particles are distributed to the same cell popu-
lations in these organs, although no histopath-
ologic confirmation for [99mTc]phytate has been 
reported to our knowledge. The particle na- 
ture of [99mTc]Tc-phytate, which falls within the 
nanoparticle range [8, 9] is most likely respon-
sible for the demonstrated accumulation of  
this tracer at sites of sterile inflammation. 
Specifically, during the inflammatory respon- 
se vasodilation occurs and irregular openings 
appear in the vascular endothelium, which are 
wide enough to allow the passage of intrave-
nously-injected nanoparticles. This creates an 
enhanced permeation effect that contributes 
to the increased concentration of nanoparti-
cles in inflammatory lesions [19-21].

The increased vascular leakage results in the 
rapid delivery of the body’s innate defences to 

the offended site, such as antibodies, comple-
ment, granulocytes and monocytes. The latter 
cellular components are phagocytic cells of the 
mononuclear phagocyte system (MPS), which 
also can internalize the nanoparticles that have 
already leaked through the endothelial open-
ings. This is described as enhanced retention 
effect and combined with the enhanced per- 
meation, gives rise to the concept of the en- 
hanced permeation and retention (EPR) effect 
which is believed to be the main mechanism 
that drives the delivery of nanoparticles in 
inflammatory lesions. Similarly, the EPR effect 
is thought to be also manifested in cancer  
[19-21]. The EPR effect can therefore explain 
the increased lesion distribution of [99mTc]Tc- 
phytate, which having the size of a nanopar- 
ticle accumulates in the sites of sterile in- 
flammation.

Despite the undeniable success of the EPR 
effect concept in explaining and predicting the 
distribution of a plethora of nanoparticle-based 
anti-tumour drugs [22], there have been publi-
cations that challenge some aspects of this 
phenomenon [23, 24]. It has been proposed 
that the description of the EPR effect encom-
passes a multitude of mechanisms, particularly 
in tumours with complex biology [25].

Another discussed limitation is the low specific-
ity of the phenomenon, as nanoparticles are 
not preferentially taken up by the target only, 
but there is high physiological uptake in large 
organs such as the liver, spleen and bone  
marrow [23]. Indeed, our results demonstrate 
that despite the significantly higher [99mTc]Tc- 
phytate uptake at the inflammatory site, it is 
only a small proportion of the injected tracer 
that reaches the target lesion. According to the 
biodistribution, the largest ratio of the radio-
tracer is retained by the liver and the spleen. A 
possible way to bypass this issue may be the 
injection of cold nanoparticles before the radio-
labelled tracer injection, which might reduce 
the ability of the liver and the spleen to take up 
[99mTc]Tc-phytate resulting in higher relative dis-
tribution to the target [26]. Further experiments 
need to be performed to prove the feasibility 
and efficiency of this approach.

The results of our study indicate that [99mTc]
Tc-phytate, having properties such as particle 
formation in the circulation after injection with 
the appropriate size, satisfactory uniformity, 
neutral charge and circulation time of approxi-
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mately 3 minutes that allows for early imaging, 
may be a suitable radiotracer for nanoparticle-
based SPECT imaging of inflammation. Clini- 
cally relevant examples of human diseases 
where sterile inflammation plays a significant 
role, apart from the demonstrated foreign-body 
reaction, are type 2 diabetes, endometriosis 
and fungal infections, among others [16].

The most extensively studied nanoparticle-
based imaging agents are superparamagnetic 
iron oxide nanoparticles (SPIONs) which are 
used as contrast agents for MRI [27]. In the 
field of radiopharmaceuticals, experimental 
PET-based radiopharmaceuticals are being 
developed labelled with isotopes such as 18F, 
64Cu and 89Zr [28]. It is unknown if [99mTc]
Tc-phytate has comparable imaging results to 
the above-mentioned imaging agents. How- 
ever, [99mTc]Tc-phytate has significant advan-
tages such as low toxicity and proven safety for 
human use, commercial availability, and low 
cost.

Our study presents a number of limitations, the 
main one being the lack of in vivo imaging. The 
reason is that our group does not have access 
to small animal SPECT imaging, therefore we 
opted for the ex vivo biodistribution design. In 
this design, the measurement of the activity in 
the tissue requires the sacrifice of the animal, 
thus the sample size per time point was limited 
to 3 animals according to the “3Rs” principle 
(Replacement, Reduction and Refinement) for 
the humane use of animals in experiments 
[29]. This may indeed limit the statistical power 
of our quantitative analysis. However, the quali-
tative demonstration of significant [99mTc]phy-
tate uptake at the sterile inflammation site in a 
total of 15 animals, including a variety of sterile 
inflammation models and time points, not only 
strongly corroborates and expands on the 
results of the only previous experiment in this 
setting [7], but is also predictive of increased 
likelihood of successful translation in future 
preclinical and clinical imaging studies. 

A further limitation of the study is the lack of 
particle size measurement and particularly of 
the size range of particles preferentially trapped 
at the inflammation sites. According to previous 
studies on [99mTc]Tc-phytate, the particle size 
ranges from 5-1000 nm. Particles in the range 
of 300-1000 nm are preferentially withheld in 
the liver and spleen [30], therefore the majority 
of the remaining particles are likely to be up to 

300 nm. Although the prevalent definition of 
nanoparticles sets a size threshold at 100 nm, 
in the case of pharmaceuticals, larger particles 
which have similar functional characteristics  
to nanoparticles may be considered as nano-
technological products according to the FDA 
[31]. Further studies with selected homoge-
nous radiolabelled nanoparticles could confirm 
the size of particles preferentially trapped at 
the inflammation site. Such a tracer will like- 
ly have better target-to-background ratio with 
less non-target uptake in the liver and spleen.

Conclusion

This study has succeeded to demonstrate that 
the nanoparticle properties of [99mTc]Tc-phytate 
are potentially useful in the imaging of different 
types of sterile inflammation, such as chemi-
cal-induced and foreign-body-induced sterile 
inflammation. The results of the preclinical ani-
mal experiments presented in this article, con-
firm and expand on previously published stud-
ies, which demonstrate that [99mTc]Tc-phytate 
has the right properties for safe and low-cost 
nanoparticle-based SPECT imaging of inflam-
mation with various potential clinical transla-
tion applications in humans.
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