
BEST 
PRACTICES Fluorescence Molecular Imaging

Fluorescence molecular imaging is the visualization of cellular and 
biological function in vivo to gain deeper insights into disease 
processes and treatment effects. 

One key aspect of successful in vivo imaging is using carefully 
selected, validated probes. Importantly, probes with high 
specificity and biologically appropriate characteristics, such as 
clearance rate and route of metabolism, will enable you to 
gain unique and meaningful biological information from your 
fluorescent imaging studies.

PerkinElmer’s fluorescent imaging probes are developed through 
an extensive R&D process, designed to incorporate drug-like 
biodistribution properties, and validated for optimal target delivery 
and performance. By considering both the biology of interest and 
the probe characteristics, you can design imaging studies that yield 
better quantification of early biological changes, and allow you to 
“see” biological activity in a living animal.

PerkinElmer has a variety of NIR fluorescent imaging probes that 
can be used to:

• Study complex biology

• Multiplex up to 4 imaging probes

• Perform deep-tissue imaging

• Combine with bioluminescent microCT, and PET imaging for 
multimodal studies

Designing an Effective Study

Fluorescence molecular imaging approaches can differ depending 
on your ultimate goal. The following are key steps to designing a 
fluorescent imaging study:

1.  Set Clear Goals for Your Study, and Identify Which 
Approach Will Maximize Your Research

• Give careful consideration to which imaging approach will 
provide the most appropriate benefits (see Figure 1). 

For example, is your primary goal to explore early disease, or late 
disease? Waiting until the end of the study to understand the 
limited biology available at that time can miss a lot of biology 
that has already happened. With the proper imaging approach, 
it’s possible to draw useful distinctions between tissues when 
looking at critical early timepoints, where tissues have similar 
status and only subtle but critical biological differences. Later 
imaging sees only gross overt physiological changes from 
disease, with gross overt biological differences. Thus, at later 
points, it becomes harder to make meaningful comparisons, 
given the very different biological landscapes being comparing. 

2.  Know Your Animal Model’s Biology Up Front (Cellular 
Players, Kinetics)

• The timing and/or kinetics of biology is important. If you are 
imaging cells that don’t arrive on the scene until a certain time, 
then it is important to plan your probe injection and the imaging 
window to coincide with when the biology is operant.
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Figure 1. Fluorescence molecular imaging approaches can differ depending on your study goals. The image above compares various imaging approaches for detecting 
disease markers or treatment markers and lists the benefits of each approach.

APPROACHES TO FLUORESCENCE MOLECULAR IMAGING

*Multiplex imaging (See “Two Probe Imaging“ for a detailed protocol.)

3. Identify Optimal Probe Objectives 

• What do you need your probe to be able to do? Examples 
of probe objectives could be to bind a specific cell surface 
receptor, or fluoresce only in the presence of a specific protease 
or biomarker. 

• If antibodies are how you plan to perform your imaging, be 
cautious about using intact antibodies as probes.

4.  Understand Probe Performance for Alignment with  
Your Model

• Consider probe characteristics such as route of metabolism, 
time frame from injection to imaging, or tissue washout time 
(Refer to Technical Datasheets on website).



3

• Test probes to identify best imaging strategies, timepoints, 
and analysis approaches. Depending on your imaging strategy, 
choosing probes to detect disease markers may yield early 
biological information to characterize disease onset and 
progression, whereas probes for detecting treatment markers 
may provide data predictive of non-imaging terminal readouts.

• Many of our probes are designed to be universally applicable 
for most diseases, which usually manifest some component 
of inflammation, vascular damage, metabolic changes, or cell 
death – aspects of disease that our probes are acutely capable 
of detecting. There may not be a “tailored” probe to your 
target biology, however other more downstream probes may 
be effective.

5. Choose Proper Imaging Controls

• Appropriate study design should include both positive 
control and negative control (i.e. un-diseased) mice 
injected with probe(s).

6.  Confirm Results In Vivo with Careful In Situ And/Or  
Ex Vivo Tissue Corroboration

• Use fluorescent probes suitable for ex vivo imaging and 
even frozen sections for microscopy with appropriate 
excitation/emission spectra.

7.  Validate Imaging Results Against “Gold Standard”  
Non-Imaging Metrics

• Proper imaging results will correlate with or sometimes 
surpass current “gold standard” readouts, such as histology.

Imaging with Intact Antibodies

Though easy to label and highly target specific,  
intact antibodies have several disadvantages,  
including:

•  A very long circulating half-life

• Poor tissue penetration

• A tendency for the Fc receptor to bind  
phagocytic cells

For these reasons, accumulation of intact  
antibodies in off-target biology is possible, which  
raises concerns regarding misinterpretation of  
experimental results.

Ab fragments are a better choice, and can be  
labeled with PerkinElmer’s IVISense® Fluorescent  
Dyes, designed to have minimal interaction with  
biological tissue.

Generating a Preclinical Imaging Model

In new model development, it is essential to validate your imaging 
results with non-imaging ex vivo observations/quantifications as 
well as with established “gold standard” readouts.

When adapting an animal model for in vivo fluorescent imaging, it 
is important to know as much as possible about the biology and its 
kinetics in your model. Important factors include:

• Time to first biological changes; time to overt clinical disease

• If using a therapeutic treatment, do you understand the 
biological changes that will be induced?

• For example, in cancer, cytotoxic drug activity may be 
detected by imaging cell death such as IVISense™ Annexin-V, 
whereas an anti-angiogenic efficacy may be best detected 
with a vascular probe such as IVISense Vascular.

• Optimal probe(s) injection time

• Deep tissue or superficial tissue imaging; 2D vs 3D  
(or ex vivo) imaging

• The anatomical region to be imaged and its proximity to difficult 
areas, such as liver, kidney, or bladder, where some probes will 
metabolize. This can cause high background signal, and should 
be a consideration in probe selection.

• The cellular players in the model (i.e. neutrophils, macrophages, 
lymphocytes, tumor cells, bacteria, hepatocytes, etc.)

• Some probes will be obvious choices based on the cells 
involved (e.g. IVISense Pan Cathepsin or IVISense MMP for 
inflammatory cells)

Proper Imaging Technique and Analysis Considerations

In conjunction with properly selected, validated probes, an 
emphasis on (i) effective study design, (ii) understanding your 
imaging model, and, (iii) careful imaging technique as detailed in 
the next section, you can maximize your in vivo biological readouts 
to detect early indicators of standard endpoints, and realize more 
meaningful research results.

Best Practice Techniques for In Vivo Imaging:

• Depilation

• Consistent Animal Positioning

• Injection Method

• Proper Analysis
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DEPILATION

To minimize light scattering and absorption in fluorescence imaging, 
hair should be removed from the appropriate body region of all mice. 
Figure 2 demonstrates the significance of proper depilation. Hair 
removal can be performed under injectable or inhaled anesthesia.

Care should be taken to remove hair from an area larger than 
just the region of focus to assure that target and surrounding 
background fluorescence can be captured. For tomographic 
imaging, hair must be removed from front, sides, and back for the 
region of focus. 

Once animals are properly anesthetized, apply depilatory cream 
(NairTM lotion, Church and Dwight Co., Inc., Princeton, NJ) thickly 
on hair over the imaging region of each mouse. 

Rinse off thoroughly with warm water, and reapply until all hair has 
been removed. 

IMPORTANT: Rinsing must be done carefully and thoroughly to 
minimize any introduction of skin lesions that can cause imaging 
artifacts. Take care to ensure that the mouse does not swallow or 
breathe in any water during rinsing.

Once mouse has been depilated fully, move to a heating pad or to 
its original cage.

Figure 2. The image above demonstrates the impact of no depilation vs. depilation 
on epi-fluorescence signal.

No depilation

No depilation

With depilation

With depilation

Epi-fluorescence signals

CONSISTENT ANIMAL POSITIONING

For most of the probes, intraperitoneal (IP) or subcutaneous (SC) 
injection will either not work at all or will be extremely variable with 

high injection site signal. All probes must be injected systemically 
either through the retro-orbital plexus or the tail vein.

Animal positioning can influence the epi-fluorescence signal, as 
demonstrated in Figure 3. It is important to insure that proper 

positioning based on tumor location is consistently used.

INJECTION METHOD

Figure 3. The images above demonstrate the impact of animal positioning on epi-fluorescence signal. 

Tumor 2D epifluorescence signals 
in different positions
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When analyzing fluorescence imaging data (even without taking 
fluorescent background into account) the results are valid and will 
provide robust and statistically significant data. However, although 
fluorescent imaging probes can provide excellent targeting of 
disease biology, they also distribute widely throughout the body 
and can vary in routes of clearance and kinetics of background 
interference. In some cases (depending on the intensity of the 
signal at the target) more that 50% of the signal in the target 
region could be attributed to background contribution. This 
means that some sort of objective and consistent approach 
for correcting data for background contribution is needed for 
proper interpretation. 

PROPER ANALYSIS

Figure 4. Proper image analysis can greatly impact interpretation of study results.

This is particularly important when making other calculations, such 
as % inhibition, background, or ratios of two different imaging 
probes. Consider Figure 4 below, showing hypothetical datasets 
in which there are untreated animals and treated animals but the 
examples differ only in background levels. Assuming there is no 
background yields a calculation of 44% inhibition (Example 1), 
however Examples 2 and 3 show the impact of a modest 
background and a high background, with percent inhibition raising 
to 57% and 80% respectively. Taking background into account in 
your analysis will provide you with higher precision and improved 
data interpretation. 

Protocol for Monoplex, Multiplex, and Longitudinal 
Imaging with IVISense Fluorescent Probes 

Study Preparation 

1.  Two weeks before the imaging study, switch mice to 
low fluorescence chow. Regular mouse chow contains 
chlorophyll that auto fluoresces around 700 nm which can 
interfere with imaging. 

2.  On the study day, it is essential to prepare ahead of time for 
optimal results. Group and number the mice to be injected 
and imaged. Remember that appropriate study design 
should include both positive control and negative control (i.e. 
un-diseased) mice injected with probe(s). 

3.  Mouse hair removal is essential for sensitive, high quality 
fluorescence imaging. Either genetically hairless mice (SKH-1E) or 
normal, haired mice (BALB/c, C57BL/6, etc.) with depilation must 
be used for optimal fluorescence tomographic imaging. Follow 
the depilation procedure above for haired mice.

4.  Establish the readiness of the imaging system by checking the 
anesthesia chamber and connections to the system. Activate 
the anesthesia, setting evaporator to the appropriate settings 
for your particular set-up. 

5.  Make sure you know ahead of time the proper positioning 
of the mouse you will use to facilitate acquisition of the best 
quality data for your particular animal model.

Single Probe Imaging 

1.  Prepare the imaging probe according to included 
instructions. Note that systemic injection is required, either 
through the retro-orbital plexus or the tail vein.

2.  Place a heating pad beneath the anesthesia induction chamber 
to keep the body temperature of the mice constant. Be careful 
not to overheat. Anesthetize the first mouse by placing it in a 
gas anesthesia induction chamber. 

3.  Remove the mouse from the induction chamber when it 
appears completely anesthetized, and confirm the depth of 
anesthesia through unresponsiveness to toe pinch. 

4.  Inject the appropriate volume of probe (100 - 150 µL, as per 
each probe’s specific instructions) via the retro-orbital plexus (or 
tail vein) of the anesthetized mouse. Record the injection time. 

5.  Return the mouse to the cage for recovery and go to the next 
mouse for injection. 

6. Repeat steps 1 - 6 until all mice are injected.

7.   Imaging is performed at the suggested time(s) using a single 
excitation/emission filter pair optimal for the wavelength of 
the probe to be imaged (see table). Anesthetize mice using 
inhaled anesthesia and place them carefully in the appropriate 
orientation in the imaging system. Multiple images can be 
acquired with little or no concern for photobleaching of the probes.
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Two Probe Imaging 

1.  Prepare the first imaging probe as described in that probe’s 
instructions. Note that systemic injection is required, either 
through the retro-orbital plexus or the tail vein. 

To minimize injection volume, either use the Probe 1 solution to 
solubilize Probe 2 or make each probe at half-volumes for mixing. 
(Note: Bear in mind that three of the probes come in 10X liquid 
form: IVISense Annexin-V 750, MMP 680, and Pan Cathpsin 680). 
Multiple specific strategies for preparation are possible, but it is 
ideal to keep mouse injection volumes under 250 µL. 

2.  Prepare and inject mice as described above in Single  
Probe Imaging.

3.  Imaging should be performed as described in step 7 above, but 
for both 680 nm and 750 nm using the appropriate excitation 
and emission filter pairs. Correct times for acquisition should be 
noted; although most of the probes are optimal for 24 h imaging, 
some have flexibility to be imaged earlier, while others should 
only be imaged earlier. For example, IVISense Annexin-V 750 
imaging is optimal for most applications at 2 hours, whereas Pan 
Cathepsin 680 is optimal at 24 hours. You can either image both 
wavelengths at both 2 hours and 24 hours, or you can image 
750 nm at 2 hours and 680 nm at 24 hours. 

4.  Multiple repeat acquisitions can be performed with little or no 
concern for photobleaching of the probes. 

Longitudinal Imaging 

1.  PerkinElmer probes are well characterized with respect to 
tissue clearance kinetics, providing guidance for longitudinal 
imaging strategies. Depending on the probe, reinjection 
generally can be performed three to seven days following 
the first image acquisition. 

2.  Imaging bone turnover with IVISense Osteo 680 requires 
a different strategy due to the very long tissue clearance 
kinetics. Secondary imaging time points must be performed 
using a pre-imaging strategy; briefly, mice should be imaged 
immediately prior to each additional probe injection to allow 
subtraction correction of additional imaging datasets.


