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ABSTRACT

Spontaneous light emission from living animals can overcome the investigated light signals in small animal lumines-
cence imaging. Despite autofluorescence emission is well studied the spontaneous luminescence background is less
known and its importance is growing due to the new born imaging techniques like Cerenkov Luminescence Imaging
and Radionuclide Luminescence Imaging in which faint sources are often involved. In order to investigate the sponta-
neous emission we studied the background luminescence in vivo from health Nu/Nu mice in optical imaging acquisi-
tions and we related it with the optical properties of the diet of the animals. In particular luminescence images of mice
feed with normal diet used in animal facilities were acquired using a commercial optical imager. The intensity and the
spectral features of the luminescence emission from the animal surface after sunshine exposition and after normal light-
ing laboratory conditions were measured. The same was done with the pellets of food used to feed the animals. We
found a background emission from the entire animal surface and localized light sources in the abdominal/lumbar region.
Their intensity can be modulated by the light exposition of the animals before the imaging session and decreases along
the time when they are put in darkness. The comparison of the luminescence time decay of animals and pellets suggests
that the light sources are related to the persistent luminescence of the molecules contained in the food. So ambient ex-
posure before imaging is important for luminescence imaging in order to keep down the background. The optical prop-
erties of food are also important and it necessary to check them before to feed the animals not only in fluorescence im-
aging but also in luminescence imaging.

Keywords: In Vivo; Small Animal Imaging; Optical Imaging; Bioluminescence; Cerenkov Luminescence Imaging;
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1. Introduction tors can limit such detection. Increasing the light emis-
sion from cells is one of the most effective ways of over-
coming these limitations [8]. In order to increase the sig-
nal to noise ratio another approach can be based on the
reduction of the spontaneous background emission from
the animal surface that can be revealed during the imag-
ing process. The origins of this emission needs to be in-
vestigated and despite they could be due to alarge pleth-
ora of different experimental conditions, it is necessary to
investigate the most important ones. On the contrary the

BLI technol have allowed o autofluorescence at the living organisms is more investi-
technology have allowed quantitative measurements gated and the sources are considered endogenous cro-

of tumor burden and treatment response, immune cell tra- mophores in animal tissues and fluorochromes accumu-
fficking, and detection of gene transfer [1]. Due to its |ated with the diet [9].

versatility, BLI has been adopted to study preclinical
efficacy of drug candidates [2-5] as well as various as-

In vivo bioluminescence imaging (BLI) is a molecular
imaging technique that offers important opportunities for
investigating a wide variety of disease processes. BLI
utilizes luciferase as an internal biological light source
that can be genetically programmed to noninvasively “re-
port” the presence or activation of specific biological
events and it is used to demonstrate expression of cell-
and tissue-specific promoters, label cell populations and
detect protein-protein interaction. These applications of

Besides the well known BLI technique in the last years

N : a novel technique called Cerenkov Luminescence Imag-
pects of mammalian biology viareporter assays[6,7]. ing (CLI) appeared in the in vivo molecular imaging

BLI can detect relatively weak signals and many fac- | angecape [10,11]. CLI is based on the detection of opti-
“Corresponding author. cal photons that are generated in a medium when charged
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particles travel in the biological tissues with a velocity
greater of the speed of light in the same media. The use
of CLI alows the use of nuclear radiotracers such as
18F-FDG in small animal models. More precisely it has
been shown that radiotracers uptake in tumor sites and
can be visualized with CLI technique [10,12]. Moreover
CLI permits now 3D imaging reconstruction for a better
localization of the luminescence sources [13-15].

More recently Optical Imaging techniques were also
used to investigate in vivo luminescence emissions due to
the interaction of alpha particles with biological tissues [16]
or the fainter fluorescence produced by gamma-rays emi-
tted by Tc99 m [17].

BLI, CLI and the new radio luminescence imaging
(RL1) are based on the detection of faint light signals and
thus a CCD detector with high quantum efficiency and
low noise is typically required in order to measure a sig-
nal above the background level. Any other possible un-
specific sources of optical photons need to be reduced in
order to increase the signal to background ratio and or to
avoid misleading conclusions, in particular when study-
ing organs located in the abbdomen.

During measurements conducted with an Optical Ima-
ger (IVIS 200, Caliper, Alameda USA) we noticed a small
light emission from healthy animals before treatment
with luciferine or radioisotopes. The light emission from
control (untreated) mice showed a slow reduction after
the animals were placed in the dark chamber of the in-
strument when performing kinetic studies.

Very little attention to the background emission can be
found in literature [9] and, thus, a more detailed investi-
gation is needed. A deeper understanding of the back-
ground light emission isimportant due to the detection of
weaker optical emission using the novel techniques men-
tioned before.

The main goal of this work was to investigate the lu-
minescence background emission form healthy Nu/Nu
mice, along with the time decay of the signal and its spe-
ctral features. In order to find a possible cause we com-
pared the in vivo results with the optical properties of the
food provided to the animals for two weeks before the
experimental sessions.

2. Materialsand Methods
2.1. Animal Preparation

Twelve living Nu/Nu mice of six weeks were feed for
two weeks with Global diet 2018 complete feed for ro-
dents, purchased by Harlan Italy (produced and packaged
by Mmucedola, Settimo milanese, Italy). For the feed
composition see Appendix A. One animal group (n = 6)
was exposed for one hour to the sunshine exposure (SE)
before being placed in the laboratory while the second
group (n = 6) was exposed for one hour to the normal
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laboratory lightening exposure (NE). Animals were han-
dled accordingly with the regulations of the Italian Mini-
stry of Health and to the European Communities Council
(86/609/EEC) directives.

Similarly the pellets of food were exposed to SE and
NE for one hour and then imaged with the optical images
instrument.

2.2. Instrument and Images Acquisition

BLI images were acquired in the IV1S 200 optical imager
(Caliper Life Sciences, Alameda, USA). The IVIS 200 is
equipped with a back-thinned, back-illuminated CCD ca-
mera cooled at —90°C. The CCD has an active array of
1920 x 1920 pixels with a dimension of 13 microns.

Mice were imaged with exposure time = 300 s, hinn-
ing B = 16 for animals, f/1 and a Field of View = 12.8
cm. Pellet of food were imaged with exposure time = 60
s, binning B = 8, f/1 and aField of View = 12.8 cm. Spe-
ctra were measured by acquiring six images with the nar-
row band (FWHM ~20 nm) emission filters (centred on
560 nm, 580 nm, 600 nm, 620 nm, 640 nm and 660 nm)
and corrected for time decay. Images were acquired and
analyzed with Living Image 4.0 (Caliper Life Sciences,
Alameda, USA).

3. Results
3.1. In Vivo Imaging

BLI images of the animals revealed a luminescence
background emission from the entire animal surface and
localized high intensity sources in the abdominal/lumbar
region; this emission can be seen both in mice placed in
dorsal position (Figure 1) and in mice placed in ventral
position (Figure 2).

Luminescence background has similar spatial distribu-
tion in both SE and NE groups; however the total flux
(ph/s) of diffuse and localized light emissions are higher
in the SE animals with respect to the NE ones. Lumines-
cence intensities show an exponential decrease during the
experimental period in SE (prone and ventra) and in NE
(prone) mice. For the NE ventral group the light intensity
emission decrease in the first minutes after the introduc-
tion of the animals in the dark chamber and reaches a
plateau after 10 - 15 min. In both of cases (prone and
ventral) the light emission for the SE group remains
higher than the NE plateau intensity even 30 min after
the introduction of the animals in the dark chamber (Fi-
gure 3, panel a).

The emission spectra were measured on the entire
animal surface in ventral position and in a circular region
of interest (ROI) centred on abdominal ROI (Figure 3,
panel b). The emission increases with the wavelength
from 560 to 660 nm in both the entire animal surface and
in the abdominal region for the two experimental groups.
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Figure 1. Luminescence background in Nu/Nu micejust after sunshine exposition (panel a) and half an hour later in the dark

chamber of the instrument (panel b). Luminescence background in Nu/Nu mice after normal laboratory exposition (panel c)
and half an hour later (panel d). Mice are placed in dorsal position.
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Figure 2. Luminescence background in Nu/Nu micejust after sunshine exposition (panel a) and half an hour later in the dark
chamber of the instrument (panel b). Luminescence background in Nu/Nu mice after normal laboratory exposition (panel c)
and half an hour later (panel d). Mice are placed in ventral position.
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Figure 3. Luminescence background time decay (panel a) and spectrum (panel b) in Nu/Nu mice exposed to sunshine and
normal laboratory conditions. Total body refersto the entire animal surface except ears, arms and legs. Errorbars represent

the Standard Error of the Mean (SEM).

3.2. Imaging of the Pellets of Food

BLI images of the pellets of food shows a generalized
emission from the entire surface with some localized
spots of light. Moreover BLI images shows an higher
light emission from pellets exposed to sunshine with re-
spect to the others (Figure 4). The emissions in both SE
and in NE pellets decrease along the time after their in-
troduction in the dark chamber of the instrument. NE
pellets emission reaches a plateau 5 - 10 minutes after
the introduction in the chamber; SE pellets shows a de-
crease in the emission during al the experimental period
and after 30 min the intensity is still higher than the in-
tensity of the NE pellets’ plateau (Figure 5, panel a).

The spectral features of the light emission from pellets
are reported in Figure 5, panel b. The emission increases
within the wavelength ranging from 560 to 660 nm in
both SE and NE pellets.

In order to compare the time decay emission of the
light from animals and pellets the measures were norma-
lized to the last time-point at 30 min (Figure 6). Time
decay of the light emission from SE mice are comparable

to SE pellets; the same occurs to NE mice and NE pellets.

The fitting parameters for an exponential decay are re-
ported in Table 1. The half-life for the SE animals and
SE pellets luminescence are respectively 25.6 and 22.3
minutes.

Spectral features of the abdominal emission and of
pellets of food in SE and NE conditions normalized at
560 nm are reported (Figure 7). The results are compati-
ble with the bluer absorption of the wavelengths travel-
ling in the biological tissues.
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4. Discussion

We observed light emission from pellet of food and the
abdominal/lumbar region in living animals.

The cause of the light emission in pellets is probably
referable to the persistent luminescence. A material shows
persistent luminescence when emits—usually in the visi-
ble range—for hours after the irradiation (or excitation)
source has been switched off. The irradiation source used
may be visible light or UV, X-ray, or gamma radiation.
Persistent luminescence has been, and till is, unfortu-
nately in a misleading manner, called phosphorescence
because of the long emission time. Phosphorescence may
be an appropriate term to be used in the context of lumi-
nescence from organic compounds involving triplet-to-
singlet transitions [18].

The results presented here show a strong correlation
between the spontaneous emission in living animals and
the food used in the diet. The correlation is supported by
the anatomical distribution, the very similar decay time
and the spectral features. This suggests that the cause of
light emission observed in animals is compatible with
food ingested with the diet.

Moreover the persistent emission explains aso the
higher intensity emission observed both in SE animals
and in SE pellets with respect the NE ones. This suggest
that the ambient exposure conditions are important be-
fore the imaging sessions and this result, to our knowl-
edge, is not reported in literature.

Interestingly we noticed also in other experimental
observations (data not reported here) that the animals can
present high persistent luminescence after the tail vein
incannulation treatment due to the lamps used to illumi-
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Figure 4. Luminescence emission from pellets of food normally used in animal facilities. Emission after sunshine exposition
(pand a, top) and just after normal laboratory exposition (panel a, bottom). Emission from the same pellet half an hour later
in the dark chamber of the instrument (panel b).

Total Flux (p/s)

X107

=&\~ food, normal exp
food, sunlight exp

SR NS NS WY " " S S S—" —", |

10 15 20 25 30
Time (min)

0 5

@

x10°
[=8A=+ food, normal exp |
food, sunlight exp
3
2.5
—_
2
g 2
%
=
[
= 1.5
5]
=
1
0.5

560 580 600 620 640 660
Wavelength (nm)

(b)

Figure 5. Luminescence background time decay (panel a) and spectrum features (panel b) from pellet of food exposed to
sunshine and normal laboratory conditions. Errorbarsrepresent SEM.
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Figure 7. Comparison between animal and pellet emission
spectrum after sunshine exposure and normal laboratory
conditions. Data are normalized at 560 nm. Errorbars rep-
resent SEM.
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Table 1. Fitting parametersfor the luminescence time decay
from the abdominal region and pellets of food. Parameters
wer e evaluated at the middle exposure time for each acqui-
sition.

Data Fitting y =A*exp(-Bx) R2 t1/2=1In2/B (min)
Abdominal _
region SE y=2264e-0.027x  0.9822 256
Food SE y =2.300e—0.031x  0.9369 223

nate the animals. This persistent luminescence is often
greater in one side than in the controlateral side accord-
ingly with the position of the lamps during the animal
handling.

The light emission from food could vary with the com-
ponents. We can hypothesize that not only different diets,
but also the different percentage of the components of the
food, the harvest-time, the time of warehousing can in-
fluence the optical properties of the food. At the same
time the animal conditions (health, age) and the meta-
bolic activity can ater the background emission. Also
chemical reactions in the body can be considered respon-
sible to the light emission [9].

5. Conclusions

In our study we demonstrated the sensitivity of the spon-
taneous luminescence emission both to the ambient ex-
posure and to the optical properties of food. We demon-
strated that the emission is not stable during the time, it is
tunable with the external light exposure and it is strongly
correlated with the optical properties of the food (persis-
tent emission).

We found that animals exposed to both normal ambi-
ent light either sunshine presents a persistent emission
ranging from few minutes (in case of normal light) up to
half an hour and it persists also after the end of our ex-
perimental measures (in case of sunshine exposure).

The background emission in BLI, CLI and RLI images
depends on the laboratory exposition and it must be taken
into account during the experimental sessions to avoid
misleading conclusions.

In summary our results suggest: 1) avoid direct expo-
sure of the animals to sunshine; 2) start the imagine pro-
cess 10 - 15 min after the positioning of the animals in
the dark chamber of the instrument; 3) in any case ac-
quire pre treatment images of the animals; 4) apply an
image processing to subtract the “pre treatment” back-
ground emission. Moreover we suggest to check the op-
tical properties of the food and administer a diet with
minimal persistent emission at |least two weeks before the
imaging sessions.
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phate monohydrate) 44 mg, E6 Zn (zinc sulphate mono-
hydrate) 31 mg, E4 Cu (cupric sulphate pentahydrate) 7
mg, E3 Co (basic cobalt carb. monohydrate) 0.5 mg, E2 |

(calcium iodate anhydrous) 6.2 mg. Technological addi-
tives: E562 Sepiolite 975 mg. Analytical constituents (%):
Moisture 12.00, Crude protein 18.50, Crude oils and fats
5.50, Crude fibres 4.50, Crude ash 6.00.
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