
European Journal of Pharmaceutics and Biopharmaceutics 177 (2022) 61–67

Available online 11 June 2022
0939-6411/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Preclinical safety of negatively charged microspheres (NCMs): Optimization 
of radiolabeling for in vivo and ex vivo biodistribution studies after topical 
administration on full-thickness wounds in a rat model 
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Iván Peñuelas a,b,c,d 

a Translational Molecular Imaging Unit (UNIMTRA), Clínica Universidad de Navarra, Avenida Pío XII, 31080 Pamplona, Spain 
b RADIOMIN Research Group, Radiopharmacy Unit, Clínica Universidad de Navarra, Avenida Pío XII, 31080 Pamplona, Spain 
c Nuclear Medicine Department, Clínica Universidad de Navarra, Avenida Pío XII, 31080 Pamplona, Spain 
d Instituto de Investigación Sanitaria de Navarra (IdiSNA), Spain 
e BioKeralty Research Institute AIE, Albert Einstein, 25-E3, 01510 Miñano, Spain   
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A B S T R A C T   

Negatively charged microspheres (NCMs) are postulated as a new form of treatment for chronic wounds. Despite 
the efficacy shown at clinical level, more studies are required to demonstrate their safety and local effect. The 
objective of the work was to confirm the lack of NCM systemic absorption performing a biodistribution study of 
the NCMs in an open wound rat animal model. To this end, radiolabeling of NCMs with technetium-99 m was 
optimized and biodistribution studies were performed by in vivo SPEC/CT imaging and ex vivo counting during 
24 h after topical administration. The studies were performed on animals treated with a single or repeated dose 
to study the effect of macrophages during a prolonged treatment. NCM radiolabeling was achieved in a simple, 
efficient and stable manner with high yield. SPECT/CT images showed that almost all NCMs (about 85 %) 
remained on the wound for 24 h either after single or multiple administrations. Ex vivo biodistribution studies 
confirmed that there was no accumulation of NCMs in any organ or tissue except in the wound area, suggesting a 
lack of absorption. In conclusion, NCMs can be considered safe as local wound treatment since they remain at the 
administration area.   

1. Introduction 

The skin represents the largest external organ of the body whose key 
roles include protection against outside pathogens and excessive water 
loss. Wounds are injuries that break the skin barrier and can be repaired 
by wound healing in a complex process that involves homeostasis, in-
flammatory and remodeling processes and the migration and prolifera-
tion of different cell types [1]. Chronic and hard-to-heal wounds are 
those in which the healing process does not progress normally and 

remain unhealed for several weeks [2]. These types of injuries have 
serious consequences for patient quality of life, which include loss of 
mobility, difficulty in carrying out daily activities and dependency. This 
scenario generates a significant burden to the healthcare system. In 
addition, the growing aging population worldwide, the rise of chronic 
diseases such as diabetes (closely related with healing disorders), and 
the significant increase of resistance of multiple pathogens to currently 
existing antibiotics, make the efficient care of wounds and the search for 
new healing strategies a matter of great importance [3,4]. 
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In this context, biomaterials and systems such as liposomes, nano-
particles, microparticles or scaffolds can help treat this type of wound. In 
addition to including bioactive molecules, these products can provide by 
themselves a suitable surface where cells involved in the healing process 
can attach. This union helps organize tissue reconstruction and modu-
late the immune and inflammatory response in the wound [5,6]. 

Among these new treatments, negatively charged microspheres 
(NCMs) appear to be a helpful and cost-effective treatment for reac-
tivating the healing process. This technology is based on use of poly-
styrene NCMs (~5 µm) that carry sulfonate groups on their surface. 
Polystyrene possesses physical–chemical properties suitable for cell 
attachment, migration and proliferation [7]. In vitro studies have 
demonstrated that the increase of sulfonation and therefore the negative 
charge in this material leads to an increase in the number of cells 
attached on its surface and also the cell proliferation [8]. 

Recently, in vitro studies with NCMs have demonstrated that they 
possess excellent cell-adhesive properties in human fibroblast and ker-
atinocytes and also promote a prompt response in their proliferative 
capacity [9]. Besides providing this passive temporary surface for cell 
attachment and proliferation of cells involved in wound healing, they 
seems to promote angiogenesis and collagen synthesis during this pro-
cess [10,11]. Importantly, in vitro studies suggest that NCMs may to be 
taken up by macrophages which modify their surface-marker expression 
to a noninflammatory phenotype and modulate their cytokines pro-
duction to favor the anti-inflammatory response [9,12]. This point is of a 
great importance, because one of the characteristic of chronic wounds is 
the inflammatory stage, where the excess and persistent inflammation 
prevents correct healing. 

Beyond in vitro studies, NCMs have already shown to be effective in 
the treatment of hard-to-heal wounds and ulcers of different etiologies at 
a clinical level [10,13,14]. However, more studies are required to 
demonstrate their safety, showing that when used topically NCMs are 
neither absorbed, nor spread potentially causing undesired side effects. 
In this sense, special attention must be paid to the macrophages present 
during the healing process. This type of cells performs multiple benefi-
cial functions during the overall healing process, promoting the transi-
tion from the inflammatory to the proliferative phase through 
production of cytokines and growth factors [15]. However, taking into 
account that NCM treatment requires daily applications for a variable 
period of time, and that in vitro studies suggest that macrophages take up 
NCMs, they are likely to be degraded by macrophages present in the 
wound contributing to potential spread of fragments via the lymphatic 
pathway [15,16]. Therefore, NCM biodistribution studies are required 
to ensure that their local effect is restricted to the wound site. 

One strategy to study the in vivo biodistribution of different nano or 
microsystems is by labeling with radioisotopes such as technetium-99m 
(99mTc), which permits to detect radioactivity in different organs and 
tissues both through in vivo or ex vivo techniques [17,18]. 99mTc is 
without any doubt the most widely used radionuclide in any nuclear 
medicine department worldwide. Its availability (as it is easily produced 
from a commercial 99Mo-99mTc generator), along with its 140 KeV 
gamma ray emission and 6-hour half-life make 99mTc the radioisotope of 
choice for many clinical imaging procedures. Multiple radiochemical 
strategies for 99mTc labeling have been developed in the last 60 years, 
and many biodistribution studies of different nanosystems using 99mTc 
have been published [19–22]. 

In summary, the aim of this work was to confirm the lack of NCM 
systemic absorption after topical administration on impaired skin as 
well as their safety in the treatment of chronic and hard-to-heal wounds. 
For this, NCM labeling with 99mTc was optimized to perform in vivo 
biodistribution studies by means SPECT/CT imaging in an open wound 
rat animal model using a repeated dose experimental design. 

2. Materials and methods 

2.1. NCM samples 

NCMs from a commercial microsphere formulation (PolyHeal® 
Micro), consisting in negatively charged polystyrene microspheres (4.5 
× 106 microspheres/mL; 4.5 µm) suspended in 22 % glycerol and 
phosphate buffer (KH2PO4/Na2HPO4) in water for injection, were used 
for all experiments. The commercial formulation was washed with 
ddH2O, centrifuged at 27.000g for 10 min and opportunely re-suspended 
in ddH2O. 

2.2. NCM labeling with [99mTc]TcO4
- 

NCMs were labeled by a previously reported direct method [21] with 
technetium-99 m obtained from a 99Mo/99mTc generator as Na[99mTc] 
TcO4

- ). In short, NCMs were labeled by [99mTc]TcO4
- reduction with tin 

chloride in a helium atmosphere. The process was optimized in a series 
of sequential experiments using different tin chloride concentrations 
and incubation times for NCM radiolabeling, and then, to evaluate both 
the specificity and stability of the radiolabel using a DTPA-challenge in 
saline and human plasma (see Supplementary information). 

2.3. Final conditions for NCM labeling with [99mTc]TcO4
- 

After optimization of the radiolabeling conditions, experiments were 
carried out using 30 µL of NCMs in aqueous suspension (0.81 mg) that 
were labeled with 370 MBq of [99mTc]TcO4

- using 40 µL of 0.5 mg/ml 
SnCl2, for 10 min. NCMs were then recollected by centrifugation at 
27.000 g for 2 min, washed twice with NaCl 0.9% and resuspended in a 
volume of vehicle solution (22% glycerol and phosphate buffer in water 
for injection) to obtain a final concentration of 17.5 µg in 70 µL. 

2.4. Biodistribution studies 

2.4.1. Animal model 
All the procedures involving animals were carried out in accordance 

with the guidelines of the European Communities Council Directive 
(2010/63/EU) and the Spanish Government (RD 53/2013) and were 
approved by the Ethics Committee for Animal Experimentation of the 
University of Navarra (protocol CEEA/030-17[A]). Twenty-four female 
Wistar rats (212 ± 22.5 g, Harlan Laboratories) were used. Animals 
were socially housed on 12 h light–dark cycles under standard condi-
tions in compliance with the current regulation and given free access to 
food and water. An open wound animal model was created as previously 
reported [21]. Briefly, surgical full-thickness wounds were created in the 
upper part of the back using a 10 mm punch biopsy tool under anes-
thesia. Immediately after wound creation, 99mTc-NCMs (17.5 µg/animal 
in 70 µL; 6.5 ± 0.5 MBq; n = 12) or free [99mTc]TcO4

- used as control (6.1 
± 0.75 MBq in 70 µL; n = 12) were administered on the wound. After-
wards, wounds were covered with a non-woven gauze and one layer of 
petrolatum gauze (Tegaderm®, 3 M GmbH) secured with a self-adhesive 
tape (Hypafix, BSN medical). Half-life of 99mTc and total administered 
dose were considered for data analysis. 

2.4.2. Experimental design 
Animals were divided in two categories depending on the number of 

administered doses: (A) single and (B) repeated doses, used to study the 
action of macrophages over NCMs. Fig. 1 shows the experimental con-
ditions and design for in vivo and ex vivo biodistribution studies. For the 
single dose condition (1 day), 99mTc-NCMs or free [99mTc]TcO4- were 
administered at day 0 and SPECT/CT images obtained at 1, 2, 12 and 24 
h. After the last image, rats were euthanized using the euthanasia so-
lution T-61 (intravenous injection, 0.3 ml/kg). In the case of the 
repeated dose group (11 days), 99mTc-NCMs or free [99mTc]TcO4

- were 
administered at days 0 and 10, while unlabeled NCMs (treated group) or 
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saline solution (control group) were administered daily from day 1 to 
day 9. Finally, SPECT/CT images were obtained at 1, 2, 12 and 24 h of 
day 11, before rats were euthanized for ex vivo studies. 

2.4.3. In vivo biodistribution studies by SPECT/CT 
SPECT/CT images were acquired using a Symbia T2 TruePoint 

SPECT-CT system (Siemens). Rats were placed in prone position under 
inhalation anesthesia with isoflurane (2% in 100% O2 gas) administered 
by a respiratory mask. To quantitatively compare the images avoiding 
the effect of 99mTc radioactive decay, image acquisition time was 
increased over the temporal points proportionally to the elapsed 99mTc 
time decay. Parameters of the SPECT images were: matrix 128 × 128, 90 
images, 7 images per second; and of the CT images: 110 mAs and 130 kV, 
130 images, slice thickness 3 mm. Images were reconstructed applying 
attenuation and dispersion corrections. Fused images were viewed using 
the Syngo MI Applications TrueD software (Siemens). Following the 
qualitative analysis, images were exported to the specialized software 
PMOD v3.2 (PMOD Technologies, Switzerland) for quantitative anal-
ysis, which was carried out drawing volumes of interest (VOIs) on CT 
anatomical images that were then transferred to SPECT images. VOIs of 
the whole body, wound area, stomach and intestine were drawn. Per-
centage of the activity in each organ was calculated considering the total 
dose as the measured activity in the VOI of the total body in the image 
acquired at 1 h. 

2.4.4. Ex vivo biodistribution studies after dissection 
The ex vivo biodistribution studies were carried out 24 h after 

administrating 99mTc-NCMs or free [99mTc]TcO4
- (at day 1 and day 11 for 

single and repeated dose, respectively). After animal euthanasia, the 
following organs were dissected as a whole: ovaries, kidneys, stomach, 
small intestine, large intestine, caecum, lung, thyroid, brain, eye, 
gastrocnemius muscle and axillary nodes. Moreover, samples of liver, 
skin (abdominal area), blood and urine were taken. To analyze the 
wound area, skin adjacent to the wound, subcutaneous tissue under the 
wound corresponding to the fat (panniculus adiposus) and muscle tissue 
under the wound (panniculus carnosus) were dissected separately. All 
tissue and organ samples, together with the dressing (non-woven gauze 
and Tegaderm®) used in each animal were measured in a gamma 
counter. Biodistribution was calculated and expressed as a percentage of 
the total dose per whole-organ (% dose/organ), measuring two equal 
doses as those administered to the animals in the gamma counter and 
considering the obtained mean value as total activity. To calculate the 
activity in blood and whole liver (standard weight of 13.31 g), total 
blood volume (TBV) was calculated using the following formula [23]: 
TBV = (0.06 × body weight) + 0.77. 

3. Results and discussion 

NCMs are proposed as a new biomaterial able to reactivate the 
wound-healing process in open and hard-to-heal wounds. The aim of this 
study was to provide relevant information about the safety of NCMs in 

Fig. 1. Experimental conditions and design of biodistribution studies.  
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relation to their possible systemic absorption after topical administra-
tion on skin open wounds performing for the first time a biodistribution 
study of this compound. For such purpose, NCMs were radiolabeled with 
99mTc, a gamma-emitting radioisotope that allows their detection by 
means of a SPECT/CT scanner. This novel approach allows longitudinal 
in vivo biodistribution studies in the same animal, helping to evaluate 
the residence time of NCMs on the wound and the possible accumulation 
in other organs. 

This study is of great importance, since It has previously been 
demonstrated that macrophages can phagocyte NCMs, inducing a 
phenotype switch towards a non-inflammatory state [9,12]. However, 
macrophage migration from the wound site could potentially imply 
accumulation of NCMs in distant organs/tissues. The proposed bio-
distribution studies could demonstrate the absence of NCM absorption 
after topical administration, implying a significant reduction in the 
potential side effects. These biodistribution studies were carried out 
evaluating the presence of NCMs in different organs after single and 
repeated doses in an open-wound rat model after a surgical full- 
thickness excision on the dorsum. It must be taken into account that 
no animal model is capable of mimicking the healing processes of 
chronic wounds due to the anatomical differences of the skin and the 
physiological processes involved [24]. In our study, the choice of rats is 
justified by their wide availability and adequate size for in vivo imaging. 
Moreover, within the rat animal models, this specific model is widely 
used to study chronic wounds [25]. Despite the experimental model has 
its limitations, it may allow us to obtain useful data to study the in vivo 
biodistribution of NCMs at tissue level. 

3.1. NCM radiolabeling 

NCMs were radiolabeled with [99mTc]TcO4
- by a direct method with 

high efficiency. The radiolabeling reaction is based on the binding of 
99mTc to negatively charged moieties on the surface of the NCMs. 99mTc 
forms strong coordination bonds that finally lead to the formation of 
stable technetium-labelled structures. In fact, such kind of reaction is the 
basis of the radiochemistry processes underlying the preparation radi-
olabeling of many 99mTc radiopharmaceuticals used in the clinical 
setting. In our case, consecutive experiments were performed in order to 
optimize the radiolabeling process and to ensure that radiolabeling was 
stable. When obtained from the 99Mo/99mTc generator, 99mTc is ob-
tained as [99mTc]TcO4

- , in which 99mTc has a 7 + oxidation state, that is 
extremely stable and non-reactive, so reduction of unreactive Tc(VII) to 
more reactive technetium species with lower oxidation states (such as Tc 
(IV)) are needed for efficient radiolabeling. In radiopharmacy practice, 
the most commonly reducing agent used is SnCl2. However, low con-
centrations may be insufficient to quantitatively reduce [99mTc]TcO4

- 

while an excess may lead to the formation of 99mTc-tin colloids [26]. 
These colloids can form in the presence of a large excess of tin when the 
reduction capacity of this ion is altered by an oxidant if it were present in 
the reaction (O2 excess). Thus, selection of the most suitable SnCl2 
concentration is a critical point in the radiolabeling procedure. Our re-
sults showed that an optimum radiolabeling (98.42 ± 0.75 %) was 
achieved using a SnCl2 concentration of 0.5 mg/mL. Decreasing con-
centrations of SnCl2 rendered poor labeling efficiencies (0.05 mg/mL, 
72.9 ± 16.9 %; 0.005 mg/mL, 0.77 ± 0.3 %). Once the optimal con-
centration of SnCl2 was determined, time required to radiolabel NCMs 
after [99mTc]TcO4

- addition was also studied. Additionally, the presence 
of 99mTc-tin colloids in the sample was determined because colloidal 
impurities could interfere with biodistribution studies that might lead to 
misinterpretations and erroneous conclusions [27]. In this case, centri-
fugation was selected as a very efficient and simple way to separate 
colloids due to the large size of NCMs (4.5 µm) [28]. Data showed that 
10 min was enough to achieve an appropriate labeling yield and that the 
presence of 99mTc-tin colloids in those conditions was negligible (see 
Table 1 in Supplementary material). Finally, to simulate the in vivo 
environment and assess radiolabeling stability of NCMs, two different 

experiments were performed. Firstly, radiolabeling was tested with 
different DTPA concentrations (“DTPA challenge”, Table 2). DTPA is a 
chelating agent that has high affinity for metal cations and may mimic 
transchelation of [99mTc]TcO4

- that might occur in physiological condi-
tions. Our results showed the high affinity of 99mTc for this type of 
NCMs, as very high labeling yields were achieved even in the presence of 
significant DTPA concentrations (almost 89 % of labeling with DTPA 
concentrations of 0.1 mM, Table 2A in Supplementary material). In 
additional experiments, radiolabeling stability was tested in vitro after 
incubation with saline or human serum. Stability was tested up to 24 h 
post-radiolabeling, as that was the duration of the in vivo NCM bio-
distribution studies. An excellent labeling stability was observed at 24 h 
both in saline (92.2 % ± 3.6 at 24 h) and human serum (97.3 % ± 2.5 at 
24 h) (Table 2B in Supplementary material). Both experiments indicate 
that radiolabeling was very stable, supporting that the detected signal in 
the in vivo experiments corresponded to 99mTc-NCMs, and not to other 
technetium-labeled species that could have been released over time. 

3.2. In vivo biodistribution studies by SPECT/CT 

99mTc-NCMs were used for in vivo biodistribution studies by SPECT/ 
CT imaging at 1, 2, 12 and 24 h post-administration (Fig. 2). Qualitative 
analysis of the volumetric images showed that 99mTc-NCM signal was 
stable over time on the wound area, demonstrating that NCMs remained 
on the wound without being absorbed for at least 24 h (Fig. 2A). The 
same pattern was observed for those animals treated with repeated doses 
(Fig. 2C). Analysis of the image sections proved that the signal location 
was on the surface of the animal and not at a lung level (Fig. 2E). 
Administration of [99mTc]TcO4

- on the wound area was used as a nega-
tive control, necessary to rule out that the detected signal in the treat-
ment group came from 99mTc released from the radiolabeled NCMs [18]. 
Regarding the control animal group, a main difference was observed 
compared to animals treated with single or repeated doses (Fig. 2C, 2D). 
A rapid and higher absorption of 99mTc was detected in the animals 
treated with a single dose, where an uptake in the stomach was observed 
in the images around 1 h after administration, and that decreased over 
time as it moved along the gut. This pattern is compatible with the 
natural uptake of free [99mTc]TcO4

- , which is metabolized by the gastric 
mucosa [29]. However, control animals with repeated doses showed 
much lower uptake, probably because the natural healing process on the 
wound hindered the absorption of free [99mTc]TcO4

- administered at day 
10. 

Results from the quantitative analysis of the SPECT/CT images 
confirmed the information obtained from the visual analysis (Fig. 2E and 
2F). Calculation of the activity percentage was performed in the areas 
where a clear signal was detected and an accurate VOI could be drawn 
(wound area, stomach and intestinal area), showing that nearly 100 % of 
the signal was maintained over time on the wound area in the animals 
treated with 99mTc-NCMs with single or repeated doses. Only in those 
control animals receiving a single dose of free [99mTc]TcO4

- a signal 
displacement was observed over time. A summary of the numeric data 
obtained from the in vivo studies is shown in Table 3 of Supplementary 
material. 

3.3. Ex vivo biodistribution studies using dissection 

In addition to these imaging studies, ex vivo studies were also carried 
out at the experiment end-point (24 h post-administration) by dissecting 
different organs and detecting gamma emission in the tissues with a 
gamma counter. Due to the extreme sensitivity of these equipments, this 
technique allows a more detailed study of the biodistribution of com-
pounds at a tissue level of those organs that are difficult to study in vivo 
due to the low uptake or resolution limits of SPECT/CT scanners. Thus, 
ex vivo biodistribution studies are the ideal complement to in vivo im-
aging studies [30,31]. In this study, a large list of organs and samples 
was studied to rule out the possible dissemination of NCMs from the 
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wound (Table 1). The physiological phagocytic action of macrophages to 
remove foreign materials from a wound followed by migration to nearby 
draining lymph nodes could be an important route for NCM dissemi-
nation [9], especially in animals with long lasting treatments (repeated 
dose). Consequently, it is important to consider the sample of the axil-
lary lymph nodes from Table 1. Such nodes were dissected as they would 
be the main draining lymph organs from a wound located on the upper 
back, such as the one in our animal model. In the control animals, 
different areas of the intestine were dissected (small intestine, large 
intestine and caecum), as the signal was mainly detected in the digestive 
system. Finally, the ex vivo technique allowed dissecting the wound area 
in detail (skin, muscle), as well as studying the presence of NCMs in the 
dressing, an important factor to keep in mind in this type of treatments 
(Fig. 3) [21]. All these tissues and components were impossible to 
discriminate in the SPECT/CT images, and were all included in the VOI 
called “wound”. 

Ex vivo experiments confirmed that nearly 85 % of the activity was 
found at the wound level in treated animals (Fig. 3). In animals treated 

with a single dose, and after having contact with the wound, most of the 
NCMs were taken away when the dressing was removed (78.07 % ±
5.65), and some NCMs remained in the skin surrounding the wound 
(6.31 % ± 1.6 %). NCM presence was almost testimonial on the sub-
cutaneous tissue (panniculus adiposus, 0.13 % ± 0.11), but was absent on 
the panniculus carnosus (muscle). Presence of NCMs on the wound skin 
was lower in the animals treated for several days (2.93 % ± 2.40), 
probably because the wound healing process hindered NCM adsorption 
as previously discussed. Signal from other organs or tissues was negli-
gible in animals treated with a single dose and nearly undetectable in 
most cases, even decreasing in animals that received repeated doses 
(Table 1). Remarkably, no signal was detected in axillary lymph nodes in 
any of the experimental conditions (single or repeated doses). Although 
it is not possible to completely rule out the uptake of NCM by macro-
phages, this fact suggests that there is no massive degradation of NCMs 
by this cell type at least during the time interval of the experiment. 

Taken together, all the data indicate that NCMs remain on the wound 
area during treatment, and that there is no direct absorption or 

Fig. 2. Volumetric images of the SPECT/CT studies of animals from a single dose group (A, C) or repeated dose group (B, D). Representative images of the same 
animal are shown at 1 h and 24 h post-administration of 99mTc-NCMs (A, B) or free 99mTcO4- (C, D). Red arrows point out the signal at a wound level. Green and blue 
arrows point to the stomach area and to the intestine respectively. E) Images of sections of the three axes (longitudinal, sagittal and coronal) of a representative 
animal treated with 99mTc-NCMs on the wound. Signal was observed on the animal surface without reaching the lungs, although the spillover effect due to limitations 
of the tomograph resolution caused that part of the signal appeared inside the body. Bar graphs representing quantitative data from SPECT/CT images over time from 
a single dose group (F) or repeated group (G) (mean ± SD, n = 6). (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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degradation. Different topical treatments studied by radiolabeling have 
shown a variable degree of absorption, probably due to the chemical 
nature of the product and its size [21,32]. In our case, the large size of 
the NCMs and their surface charge can favor their retention in the 
dressing, despite remaining in contact with the wound throughout the 
treatment. Absorption of [99mTc]TcO4

- was higher in animals receiving a 
single dose of free [99mTc]TcO4

- immediately after wound creation. In 
this case, only 12.9 % of signal retention was observed at the dressing, 
while the highest signal was detected in organs associated with the 
digestive system. Noteworthy, in these animals a large part of the dose 
was not detected, as after 24 h an important part of the radioactivity was 
probably eliminated in the feces. In control animals receiving repeated 
doses, an important increase in the signal from the dressing (up to 68.8 
%) was observed, and a lower [99mTc]TcO4

- presence in other organs, 
probably because the wound healing process hindered its absorption. 

4. Conclusions 

NCM labeling with [99mTc]TcO4
- was achieved in an easy and effec-

tive manner. 99mTc-NCMs were obtained in high yield, with high 
radiochemical purity (>99 %) and radiolabeling was stable over time 
both in saline and human serum. Data from in vivo biodistribution 
studies (SPECT/CT images) revealed excellent retention of NCMs on the 
wound area for at least 24 h after product administration, both for single 
and repeated doses. Roughly 100 % of the radioactivity remained on the 
wound area and no signal was detected in other areas of the body. Ex 
vivo studies revealed that, after being in contact with the wound, most of 
the NCMs were removed with dressing changes, and only a small pro-
portion remained on the skin surrounding the wound. No activity in 
lymph nodes was found during repeated administration suggesting 
absence of phagocytosis exerted by macrophages and their subsequent 
migration. In conclusion, no systemic absorption was found on the 
wound either after single or multiple administrations of NCMs. As a 
whole, our results validate NCMs as safe for local treatment of chronic 
and hard-to-heal wounds. 
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Table 1 
Ex vivo biodistribution results. Data from the ex vivo biodistribution studies 
correspond to those obtained after sacrifice at 24 h post-administration in ani-
mals treated with a single dose (1 day) or repeated doses (11 days). Results are 
expressed as percentage of the injected dose and were calculated per whole- 
organ, whenever possible, except from urine and skin samples. Results are 
showed as mean ± SD (n = 6).   

99mTc- 
NCMs 
1 day 

99mTc-NCMs 
11 days 

[99mTc]TcO4
- 

1 day 
[99mTc]TcO4

- 

11 days 

Organs and tissues 
Total blood 0.05 ±

0.03 
0.04 ± 0.07 0.25 ± 0.18 0.14 ± 0.25 

Skin 0.00 ±
0.00 

0.01 ± 0.02 0.01 ± 0.01 0.01 ± 0.01 

Muscle 0.00 ±
0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Urine 0.10 ±
0.09 

0.00 ± 0.00 0.68 ± 0.24 0.03 ± 0.02 

Ovaries 0.00 ±
0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Spleen 0.00 ±
0.00 

0.00 ± 0.00 0.01 ± 0.00 0.00 ± 0.00 

Kidneys 0.31 ±
0.21 

0.01 ± 0.01 1.08 ± 0.62 0.14 ± 0.0.05 

Stomach 0.09 ±
0.04 

0.00 ± 0.01 6.55 ± 3.07 1.07 ± 0.75 

Small intestine 0.05 ±
0.03 

0.00 ± 0.00 1.36 ± 0.48 0.13 ± 0.07 

Large intestine 0.08 ±
0.04 

0.01 ± 0.01 4.79 ± 2.04 0.44 ± 0.30 

Caecum 0.06 ±
0.04 

0.00 ± 0.00 5.33 ± 1.93 0.57 ± 0.28 

Liver 0.03 ±
0.02 

0.00 ± 0.00 0.35 ± 0.07 0.07 ± 0.03 

Lungs 0.00 ±
0.00 

0.00 ± 0.00 0.02 ± 0.01 0.00 ± 0.00 

Thyroid 0.00 ±
0.00 

0.00 ± 0.00 0.02 ± 0.01 0.00 ± 0.00 

Brain 0.00 ±
0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Eye 0.00 ±
0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Axillary lymph 
nodes 

0.00 ±
0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Fig. 3. Procedure to dissect the wound area to obtain tissue samples for the gamma counter. (A-B) Cut of skin surrounding the wound area. The arrow in picture B 
points to tissue sample corresponding to skin. (C) Subcutaneous tissue (panniculus adiposus) sample taking. (D) View of the muscle under the wound area (panniculus 
carnosus) used for counting in the gamma counter. Table shows ex vivo counting data expressed as percentage of injected dose (mean ± SD, n = 6). 
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