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ABSTRACT

This study aimed at developing a method for administration of '®F-Fludeoxyglucose ('*F-FDG) in the
common octopus and micro-positron emission tomography (micro-PET) bio-distribution assay for the
characterization of glucose metabolism in body organs and regenerating tissues. Methods: Seven animals
(two with one regenerating arm) were anesthetized with 3.7% MgClz in artificial seawater. Each octopus
was injected with 18-30 MBq of isosmotic '*F-FDG by accessing the branchial heart or the anterior vena
cava. After an uptake time of ~50 minutes, the animal was sacrificed, placed on a bed of a micro-PET
scanner and submitted to 10 min static 3-4 bed acquisitions to visualize the entire body. To confirm the
interpretation of images, internal organs of interest were collected. The level of radioactivity of each
organ was counted with a y-counter. Results: Micro-PET scanning documented a good '*F-FDG full
body distribution following vena cava administration. A high mantle mass radioactivity facing a
relatively low tracer uptake in the arms was revealed. In particular, the following organs were clearly
identified and measured for their uptake: brain (standardized uptake value, SUV max of 6.57£1.86), optic
lobes (SUV max of 7.59+1.66) and arms (SUV max of 1.12+0.06). Interestingly, "*F-FDG uptake was
up to threefold higher in the regenerating arm stumps at the level of highly proliferating areas.
Conclusion: This study represents a stepping-stone over the use of non-invasive functional techniques

to address questions relevant to invertebrate neuroscience and regenerative medicine.
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INTRODUCTION

Cephalopods are among the most intelligent invertebrates and they represent a class of highly specialized
mollusks where neural and morphological novelties emerged together (1,2). Their behavioral capabilities
and highly evolved neural system have prompted their recent inclusion in the list of species undergoing
European Union ethical regulation (3-5). In this perspective, there is an increasing need for minimally
invasive experimental approaches that, by reducing the impact of surgery, will allow functional
investigation on behavior, neurophysiology and body function of live cephalopods. Octopuses are easily
maintaining and handling animals and they can have an appropriate size for a canonical high-resolution
micro-positron emission tomography (micro-PET) system.

8F_Fludeoxyglucose PET (!®F-FDG PET) is a widely used tool for in vivo study of oncological,
cardiovascular, and neurological disorders, as well as for study of cerebral glucose metabolism (6-9).
Due to the interest in developing novel therapeutic strategies in the field of bone and cardiovascular
muscle repair, this technique is also becoming relevant to studies of bone regeneration and cardiac
remodeling (repair and regeneration), because it allows following tissue regeneration through non-
invasive measurements of metabolic processes (10-12).

Animals might use a variety of different strategies of repair and regeneration leading to the partial or full
restoration of the missed function. Given the limited regeneration capacity of mammalians, these
processes have been historically studied in a wide variety of vertebrates and invertebrates. The final aim
is the assessment of common regeneration principles for the development of new therapeutic approaches
in regenerative medicine.

Due to its great regenerative potential, the cephalopod mollusks Octopus vulgaris represents a viable
alternative to vertebrate regeneration models. Cephalopods can regenerate missing or injured structures

such as the shell, the appendages (arms and tentacles), the cornea, peripheral nerves and brain centers
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(for a review, see (13)). In particular, Octopuses have a complex arm structure and physiology (14-16)
that shares similarities in early arm development and regeneration to vertebrate models (13,17,18). This
makes it an ideal model for studying limb regeneration and finding conserved pathways that might be
triggered in various animal species (including mammals) to induce regeneration of injured tissue.

In this study, we developed a protocol of injection of '*F-FDG radiolabeled solution accessing the venous
system of Octopus vulgaris and then tested the use a common '*F-FDG micro-PET technique, employed
in higher vertebrates’ examination, to investigate glucose metabolism in the octopus internal organs and
regenerating limbs. Blood circulation in coleoids is based upon a completely closed and highly efficient
circulatory system composed by a tri-partite heart with a system of mostly contractile vessels that
distribute the blood throughout the body (19). Relevant to our study, the presence of contractile blood
vessels within the arms (20) assures a good rate of blood flow even at far distances from the heart and in
the presence of high internal pressure, which often can occur in soft-bodied animals. We therefore
evaluated the bio-distribution of 'F-FDG along the arms and assessed the occurrence of an increase in

metabolic rate at the regenerating arm tips.

MATERIALS AND METHODS

The study and all procedures involving experimental animals were approved by the Institutional Review
Board and by the Italian Ministry of Health (authorization n. 1111/2016-PR). Our research conformed to
the ethical principles of the three Rs (replacement, reduction and refinement) and of minimizing of animal
suffering, following the Directive 2010/63/EU (Italian D. Lgs. n. 26/2014) and the guidelines from

Fiorito et al. (5).



Animal treatment. Specimens of Octopus vulgaris of either sex were collected from the Liguria coast
during the spring/summer period 2013 and 2017 and placed in 80x50x45 cm marine aquaria. The tanks
were filled with artificial seawater (ASW) and kept at a temperature of 18 °C at 12 h light/dark cycle.
Water cleaning and oxygenation were assured by a pump-filter and aeration system that continuously
circulated the water through biological filters. All relevant chemo/physical water parameters were
constantly checked to prevent the occurrence of unhealthy or stress conditions. Animals were left to adapt
to captivity for at least 10 days. The experimental animals were selected on the basis of the following
criteria: healthy shape (all the arms and body parts had to be intact, the animal showed normal reflexes
and voluntary movements such as arm extension, walking, etc.), regular eating and motivation to attack
a prey (4,5,21-23).

Seven animals weighing 150-450 g were used in the two experimental protocols, two of them were also

employed in the regeneration study, as described below.

Regeneration Protocol. Two animals of 150g (Animal 1) and 182 g (Animal 2) underwent surgical
amputation of the arm tip to induce the process of arm regeneration. In order to do so, each animal was
anesthetized in 2% ethanol in ASW for about 5 min (5,24,25) and until a clear change in body patterns
and posture, cessation of ventilation, unresponsiveness to external stimuli and loss of righting reflex
confirmed that the cephalopod underwent the physiological process of anesthesia. Ethanol was preferred
for this operation given that anesthesia duration and recovering time are both fast (5). A portion not
exceeding 10% of the total arm length was cut from the first left arm (L1) from each animal with fine
scissors on a transverse plane and was then allowed regenerating for 11 (Animal 1) and 33 days (Animal
2). Following surgery, the animals were placed back in their experimental tank where they slowly (about

2-5 min) recovered from anesthesia. The animals did not display behavioral modification nor signs of



distress or suffering after the operation, and the amputated arm regenerated as in the natural environment

(4,5,25-27).

Bio-distribution analysis. Animals were anesthetized by adding a solution of MgClz to the final
concentration of 3.7% in ASW. Animals received a single dose of radiotracer solution (200-300 pl of
isosmotic '*F-FDG, 18-30MBq) while maintained under anesthesia and then immediately transferred to
the fresh ASW container in order to prevent branchial ventilation and heartbeat to stop and to facilitate
the radiotracer distribution along the body. Animals were divided into two experimental groups. The first
one composed of 3 animals (L-BH animals) receiving a single injection of the radionuclide solution
through the left branchial heart and used for microPET scanning and y-counting. The second one
composed of two animals (VC animals) injected through the anterior vena cava and two animals injected
through the vena cava and carrying one regenerating limb. Both administration routes are upstream the
redistribution of the blood to the organs (Fig. 1) and have been described in (5). Following Best practice
protocols, an uptake time of 50 minute was employed in order to maximize the chances of accumulation
of radiotracers overall the animal body. Indeed, following the standard protocol for humans and other
studied models, all organs are assumed to reach a complete FDG uptake at this time (8,28). Animals were
then brought to terminal anesthesia by adding an overdose of MgCl> to the same ASW where the animal
was kept after injection. In this case, MgClz has to be preferred as it produce at the same time animal
terminal death and a complete muscle relaxation, thus avoiding spontaneous reflex movements that can
compromise the goodness of scanning.

The animals were then removed from the water, placed on a bed of a micro-PET scanner (Albira, Bruker,
US) and submitted to a 10-min static 3-4 bed acquisitions (depending on the animal total length). The
animal was positioned so that its mantle, brain and eyes were scanned during the first and second bed

acquisition. PET data were reconstructed using a maximal likelihood expectation maximization method
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(MLEM). An experienced observer, unaware of the experimental type of the analyzed octopuses,
identified a volume of interest (VOI) in the studied organs to measure standardized uptake value (SUV).
Measures were expressed as SUVmax + SE. Internal organs of interest, hemolymph (the cephalopod
blood), brain and muscle portions were sampled, blotted dry, weighted and their radioactivity was
counted in a Cobra II y-counter (Packard Bell) with energy window set at 511 KeV. Decay corrected
activity rate (in counts per minute, cpm) was always performed considering the time interleaved between
counting and injection. Counts were expressed as means (£ SE) percentages of the injected dose per gram

of tissue (%ID/g).

Graphics program

All figures were prepared with Adobe Photoshop CS5 version12.0.

Statistical Analysis. Statistical analysis was performed using SigmaPlot 13.0 (Systat Software, Inc.).
The distribution of the data was first assessed with a normality test (Shapiro-Wilk). Differences among
dataset were verified by t-test and ANOVA. Kruskal-Wallis and Mann-Whitney Rank Sum test was used

in non-parametric tests. P values <0.05 were considered significant.



RESULTS

Bio-distribution studies

The level of radioactivity accumulated by various organs in L-BH animals was measured at the y-counter
(%ID/g + SE) and with micro-PET (SUVmax = SE) and data were compared to assess the correlation
between micro-PET whole body and y-counting of the target organs (see below).

y-counting

Activity at non-target sites was also measured to disclose possible signs of contaminations. Octopus beak
was chosen as a non-target organ as it is mostly composed of acellular chitin components and therefore
it does not represent a good site of radiotracer accumulation. Activity at this level was low (Fig. 2;
0.1940.14 %ID/g; n=3). Uptake in the samples of hemolymph was from ~0.4 to 3 %ID/g (n=3) and that
found in the excreted solution (sampled from the water bath where the animal was held after injection
and then brought to terminal anesthesia) was very low (0.013£0.004%ID/g; n=9).

After L-BH injections, activity of the left branchial heart and gill were very high (respectively
11.7242.05%ID/g and 21.08+3.40%ID/g; n=3). The organs with high metabolic rates, such as the brain
and optic lobes showed a good uptake level (2.044+0.28 and 5.37+0.34 %ID/g, respectively; n=3). Several
organs such as the stomach, intestine and hepatopancreas displayed a high and very variable level of
accumulation of the tracer probably due to their digestion related functions (from ~1 up to 12 %ID/g;
n=3). Low uptakes were measured in muscle samples (0.54+0.68 %ID/g; n=3). Organs directly receiving
the blood from the injected heart, such as gill and optic lobe, showed the highest uptake (from ~5 to 21
%ID/g; n=3) with a marked increase in the side of the body injection (Fig. 2; t-test, P<0.05 n=3). Organs

farther from the administration site did not show signs of lateralization (Fig. 2, ANOVA, P>0.05; n=3).



Since this lateralization might have prevented a good and even redistribution of the radiotracer to the two
body sides, in the second set of experiments and in regeneration experiments the radiotracer was injected
through the VC located medially in the body and upstream the branchial hearts. This vena is easy to
access and the intrinsic elasticity of the vein (see Introduction) should help to minimize radiotracer
leakage from the injection point.

microPET scanning
We performed a measure of the radioactivity accumulated in L-BH and VC animals with microPET
scanning. As expected, a marked accumulation of radioactivity at the branchial heart is evident in L-BH
animals (Fig.3A,C) but not in VC animals (Fig. 3C,D). Organs with high metabolic activity such as
central brain, optic lobes and various internal organs were clearly distinguishable for their high SUV
values in both experimental group (Fig.3 A,B). To quantify this data we perfomed SUV analysis of the
organs easily identifiable within the microPET volume image with very low scope for error.
We found that in L-BH animals radioactivity at the injected heart is the highest and is immediately
followed by activity in corresponding gill while the signal drops markedly down in the remaining organs
(Fig. 3E). This is especially evident when comparing SUV values in VC and L-BH groups in which a
generalized lower body uptake can be observed (Fig.3E). Hence, a considerable amount of radiotracer
residues seems to accumulate in the injected heart, thus affecting the radioactivity measured at the level
of both the branchial heart and corresponding gill.
In details, after L-BH administration, the brain (Fig. 3A, yellow arrows; Fig. 3E, SUVmax 2.49+1.32 n=3)
and optic lobes (Fig. 3A, black arrowheads; Fig. 3E, SUV max 3.32+1.83; n=3) showed high SUV.
Relative to the non-neural areas, a low uptake was measured at the level of the arms (Fig. 3A, red
arrowheads; Fig. 3E, SUVmax 0.4410.64; n=3).
Animals receiving VC administration showed similarly high SUV values in brain (Fig. 3B yellow arrows;

Fig. 3E, SUVmax 6.57£1.86; n=2) and optic lobes (Fig. 3B black arrowheads; Fig. 3E, SUV max
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7.59£1.66; n=2) and low SUV at the level of the arms (Fig. 3B, red arrowheads; Fig. 3E, VC SUVmax
1.1240.06; n=2). The low level of arm uptake can be explained considering that muscle energetics mostly
depend on glycogen catabolism, while glycolysis only accounts for a small part of the muscle metabolic
demand.

To make a clearer estimate of the overall body uptake, we plotted the distribution of SUVmax of the
selected organs (excluding left branchial heart and gill, that might have been directly affected by residuals
of the injected radionuclide) in the in the two experimental groups. We compared these values and found
that VC animals have a significantly higher uptake that L-BH (Figure 4A Mann-Whitney Rank Sum Test,
P<0.05; n=5).

We next wanted to address the question of whether the injection method could also produce a
lateralization effect of radiotracer diffusion and uptake. In order to do so, left and right SUV components
were calculated. Interestingly, in VC animals the activity was evenly distributed at the two body sides
while in L-BH animals a significant accumulation in the left side was revealed (Fig. 4B, t-test, P<0.01;
n=5). In the latter, the level of accumulation in the left side was also significantly higher than in left and
right sides of VC animals (Fig. 4B, t-test, P<0.05; n=5).

Overall, our data indicate that following VC injection the radioactive solution efficiently circulates

throughout the body, reaches all organs and is efficiently retained by those with a higher metabolic rate.

IBF-FDG uptake in regenerating arm

Two animals, respectively at 11 (Animal 1) and 33 (Animal 2) days of regeneration, underwent the same
procedure described above; regenerating and non-regenerating arm portions were measured for their '8F-
FDG uptake with micro-PET scanning. Activity in non-regenerating arms was higher at the central arm
axes. This can be due to the presence of a massive population of neuronal cells forming the arm peripheral

nervous system and located right at the center of the arm. As for other neural structure, neurons of the
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PNS consume a large amount of glucose to sustain their function and thus show a high FDG uptake. The
activity in the regenerating arm stump was measured at two different locations, at its base and tip. These
values were compared to the activity of non regenerating arms in the same animal. Activity at the base
of the stump was equal to that of a corresponding region in non-regenerating arms while a 60% (Animal
1) and 20% (Animal 2) increase in '3F-FDG uptake was revealed at the arm tip. We then measured the
proximo-distal extension of the high metabolic areas and found it to cover a region from ~4-6 mm from
the arm tip (Fig. 5A, B; n=2). At the stages of regeneration analyzed, the arm tip is populated by a
different amount of intensely proliferating cells located at blastemal, nervous system and muscle level
(Fig. 6; brown precipitates represent PCNA (proliferating cell nuclear antigen) staining) (29). In
particular, at about 11-17 days of regeneration the arm tip has the highest level of cell proliferation while
around 33 days of regeneration proliferation goes down although still settling above basal levels (29).
This might account for the large variability in uptake increase observed in the two regenerating arms.
Vascular components are also present but we believe that their possible contribution to the activity
measured is very exiguous (Figure 6). This is supported by the following two consideration. First, when
present, the vascular components reached a proximo-distal area of up to 1 mm (see Fig. 6) while high
uptake values extended over 4-6 mm from the arm tip. Second, the activity of the circulating FDG in the
emolymph, that could potentially influence the radioactivity of a high vascularized region and sinus, was
measured right after scanning and resulted to be extremely low.

In conclusion, the high level of FDG uptake observed in the regenerating arm tips might well reflect the
presence of actively dividing cells in blastema, peripheral nervous tissue and muscles characteristic of

regenerating tissues.
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DISCUSSION

To the best of our knowledge, this is the only study after the first 1992 investigation (30) where a labelled
glucose analogue has been used to map the metabolic activity of body regions of a cephalopod. Several
radiotracers have been employed in late ’70 studies to assess, in particular, protein synthesis in various
invertebrates including cephalopods. These investigations demonstrated the reliability of radiolabeling
techniques to mark metabolic active organs such as gills, hearts, liver, hepatopancreas, brain, muscle and
even arm tips (31-35). The accumulation of radioactive compound was detected by means of liquid-
scintillation counting and autoradiography. Both these methodologies suffer from their being limited to
static detection and ex-vivo study and cannot answer questions relative to functional in-vivo body
physiology.

Micro-PET '8F-FDG techniques allows a high resolution live-scanning of high metabolically active body
regions and are widely used in clinical and pre-clinical studies in a variety of different fields.

In particular, clinical imaging is an indispensable tool for characterizing damaged tissue in regenerative
medicine. At present, only a few investigations take advantage of this technique to assess and follow
regeneration processes; these have particular relevance for issues relative to bone regeneration and
cardiac remodeling (10,11).

Due to the innate constrain of vertebrates in their regeneration ability, the use of alternative animal
models to study regeneration has been long envisaged. Cephalopods and octopods are renowned for their
high regeneration abilities and might serve as models for comparative regenerative investigations. In
addition, cephalopods are endowed with a ‘vertebrate-like’ completely closed circulatory system
working at high pressure, a characteristic that is unique among invertebrates and that assures a fast and

efficient blood flow throughout the body (36,37).
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As glucose metabolism in cephalopods is based upon enzymes and reactions essentially similar to that
of higher animals, in this study, we assessed the use of the common'®F-FDG micro-PET clinical
methodology to perform full body bio-distribution assay in Octopus vulgaris.

Circulation in cephalopods is assured by a vascular and an aortic system, one pair of branchial hearts,
each associated with the corresponding gill at the one side of the body, and one central systemic heart
(Fig. 1). In addition, a system of contractile veins assures that the oxygenated blood reaches the central
systemic heart that will in turn actively pump it to the rest of the body. Blood pressure and flow rate in
cephalopods give a time around 120 sec for the complete circulation of total blood volume, thus allowing
fast circulation of the tracer (38). Here, we performed a direct injection of small doses of radionuclide
into the animal venous system; this resulted in a full body distribution of the radiolabeled compound. A
clear lateralization of the uptake occurred following administration through the BH in organs localized
immediately downstream the injection location. This might be explained by the nature and structure of
the octopus branchial heart that is mainly nonmuscolar and formed by a mass of spongy and poorly
associated cells. Such a conformation might prevent a rapid efflux of the radionuclide solution towards
the circulatory system. Following injection through the VC, a higher level of uptake was revealed in the
overall body along with the absence of lateralization. This suggests that VC administration is the only
alternative to avoid radionuclide redistribution biases.

The injected dose (ID) of the radionuclide was calculated based on standard protocols used for rats of
similar weight. The rationale behind our choice is based on the similarity of blood volume (around 5.8%
of the animal wet weight and extracellular volume of 28%) and circulating glucose (in the order of 0.8-
2 umol/ml) between cephalopods and mammals (39,40). Glucose in cephalopods is an important fuel for
all the organs, including muscles, but is essential for brain and heart for which oxidation of blood glucose
is the main energy source. Our imaging results well reflected the expected glucose distribution and

consumption in the various organs. In particular, organs with a high metabolic rate such as the brain,
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optic lobes and heart have high incorporation values, while a low uptake was found in the arms (mostly
muscular).

We next wanted to test the sensitivity of the '®F-FDG microPET methodology to investigate differences
in the metabolic activity of regenerating and non-regenerating arms. During the early stages of
morphogenesis, the arm is characterized by the massive presence of highly proliferating cells largely
dependent on a fast and efficient energy production through glucose metabolism (14,17,18,29,41). Adult
fully differentiated muscles have a low growth rate at rest, a moderate activity of hexokinase and rely
more on glycogen catabolism (35,42,43). Therefore, regenerating tissue might accumulate labelled
glucose at a higher rate than other cells located in non-regenerating tissues.

Our detailed micro-PET analysis shows that the uptake values of the regenerating arms are up to threefold
higher than that of control non-regenerating arms. Interestingly, a 3D reconstruction of the regenerating
arms also showed that the localization of the higher metabolic areas matches that occupied by highly
proliferating muscular and undifferentiated tissue, as previously described in a fine morphology
investigation (29). The present study might provide an important step towards the functional and
molecular assessment of the regeneration process in various tissues and organs, as well as the live
visualization of the nervous system activity. In order to do so, animals must be repeatedly scanned to
assess metabolic changes occurring in the organ of interest over time. Hence, it will be necessary to test
the animal recovery from deep anesthesia under which it should be maintained for the entire scanning
duration. Available data on anesthesia duration suggest this implementation to be possible in this animal
species as it can be kept fully anesthetized for ~20 minutes (5). Moreover, animal size can be downscaled
to reduce scanning time to 10-20 minutes (1 to 2 beds) and a coverage of the entire animal with 3.7%
MgCl12 ASW embedded tissue coats would prevent skin and eye to dry and will help keeping the animal

under a prolonged anesthesia.
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Further upgrades, such as the use of a dynamic micro-PET scanning and the employment of cell-specific
radiolabeled compounds can be envisaged to achieve various targets. Taken together, this will be
particularly relevant in the field of behavioral neuroscience thus giving the possibility to link in vivo

brain activity and behavioral traits with minimally invasive investigations.

Conclusion

The standard '®F-FDG micro-PET system is a valuable tool for investigating metabolically active body
regions at a single organ resolution in the cephalopod mollusk Octopus vulgaris. Administration of a
radioactive compound through the anterior vena cava has to be preferred in bio-distribution studies and
this methodology can be employed for the assessment of regenerating events occurring at various regions
of the animal body. This study represents a first step toward the use of nuclear medicine imaging
techniques in new emerging research areas such as neurobiology of invertebrates and animals with

particular relevance in the field of regenerative medicine.
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FIGURE.1 Schematic representation the injection locations into the octopus venous system used
in this study. Red dots label the two injection locations, these are both upstream the redistribution of the
blood to the organs (L-BH: Left branchial heart; VC: anterior vena cava). For clarity, the systemic heart
is also shown. Red and blue arrows indicate respectively the main direction followed by the blood return

flow and by the oxygenated blood in the hearts and gills. L-BH: left branchial heart, R-BH: right

branchial heart, VC: anterior vena cava
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FIGURE.2 y-counting analysis of '3F-FDG uptake in L-BH animals.

y-counts of selected organs after L-BH injection are plotted as mean and SE. Data are expressed as
percentages of injected dose per gram (%ID/g; n=3). Left branchial hearts (L BH) and gills (L Gill)
showed the highest uptake (t-test, *P<0.05). Organs farther from the administration site did not show
sign of lateralization (ANOVA, Kruskal-Wallis, P>0.05; n=3); Epato: epatopancreas, Hem: hemolymph,
Int: intestine, L BH: left branchial heart, L Gill: left gill, L OL: left optic lobe, L Wb: left white body, R
BH: right branchial heart, R Gill: right gill, R OL: right optic lobe, R Wb: right white body; Stom:

stomach
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FIGURE.3 8F-FDG micro-PET images of L-BH and VC animals.

A,B. High metabolic active body regions accumulate vast amounts of 18F-FDG in both L-BH (A) and

VC (B) animals. Yellow arrows point at the central brain; black arrowheads denote optic lobes and red
22



arrowheads point to the arms. C,D. Accumulation at the branchial heart site is evident in L-BH animal
(C), as compared to VC animal (D). E. SUVmax values in L-BH (n=3) and VC animals (n=2) in the
selected organs. Data are plotted as mean and SE. L BH: left branchial heart, L-BH: left branchial heart
injected animals, L Eye: left eye, L Gill: left gill, L OL: left optic lobe, R BH: right branchial heart, R

Eye: right eye, R Gill: right gill, R OL: right optic lobe, VC: vena cava injected animals
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FIGURE.4 Comparison of SUV measures in L-BH and VC animals.

A. Box plots demonstrating the lower uptake in L-BH organs vs VC animals (Mann-Whitney Rank Sum
Test, *P<0.05; n=5). B. L-BH animals show a significantly higher uptake on the left side (L) than on
right side (R) (t-test, **P<0.01; n=5). %Uptake of L in L-BH animals was also higher than L and R of
VC animals (t-test, *P<0.05; n=5). Values are reported as percentages of the total uptake in the L and R

organs selected; median values are shown as black bars. L-BH: left branchial heart injected animals, L:

left side, R: right side, VC: vena cava injected animals
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FIGURE.5 8F-FDG uptake in regenerating arms.

A. micro-PET image of Animal 1 carrying the first left arm at 11 days of regeneration (red asterisks). B.
FDG uptake measured in the arms of two animals carrying one regenerating arm each (L1) respectively
at 11 (Animal 1) and 33 days of regeneration (Animal 2). SUVmax values in normal non-regenerating
arms (NO REG) and in regenerating arm tip (REG tip) and base (REG base) are reported after

normalization to the maximum arm uptake for each animal. REG: regenerating
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FIGURE.6 Histological section of a regenerating arm tip.

The tip of a regenerating arm at day 17 shows a high proliferation rate (represented by brown
precipitation after PCNA reaction) in particular at the region of the blastema (bl) and at both the nervous
(NS) and muscular system (m). Vascular components (v) are also present and cover a proximo-distal area
of up 1 mm from the arm tip (scale bar 100um). blastemal: bl, m: muscular system, NS: nervous system,

v: vascular components
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