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3 Validation of heart imaging pharmacokinetics 

4 Quantifying uninephrectomy-induced GFR changes 

The measurement of glomerular filtration rate (GFR) is the 
gold standard in kidney function assessment and is used to 
determine progression of kidney disease and drug‐induced 

kidney toxicity.   This is often assessed indirectly in 
preclinical animal models either by surrogate markers, like 
plasma creatinine or blood urea nitrogen. GFR is best 
quantified functionally by assessing plasma clearance rates 
of labeled inulin or labeled inulin analogs, but to-date this 
requires blood sampling - a fairly labor intensive process.  
In an effort to eliminate this procedure, we developed a 
near infrared (NIR) fluorescent-labeled version of inulin 
(GFR-Vivo 680 [GFR680]; ex/em = 670/685 nm) in a 
spectral wavelength that offers high tissue penetration and 
low background suitable for in vivo imaging.  Consequently, 
the blood kinetics of an intravenous bolus of GFR680 is 
readily assessed in small numbers of mice in vivo by 
fluorescence molecular tomographic (FMT) imaging and 
quantification of mouse heart fluorescence over time (1-60 
minutes post-injection).  GFR is then accurately determined 
using two-compartment curve fitting (PKSolver 2.0 , an 
Excel Add-In), yielding average rates of 240-280 mL/min in 
normal mice.  These results are comparable to those of 
studies in which NIR-Inulin levels were assessed by 
bleeding mice at multiple time points for ex vivo assay.  In 
comparison, uninephrectomized (UNX) mice imaged by FMT 
showed a statistically significant 2-fold decrease in GFR (p 
< 0.005).  Similarly, FMT measurement of mice treated with 
Cyclosporine A (80 mg/kg/day) for 14 days showed an 
expected 40% decrease in GFR (p < 0.05).  All imaging 
results corresponded well to ex vivo plasma microplate 
assays showing increased levels of the surrogate markers 
creatinine and blood urea nitrogen (BUN). 

In conclusion, FMT imaging of circulating GFR680 
provides a non-invasive fluorescent imaging approach that 
requires very few mice (3-10 mice per group) to generate 
consistent GFR measurements and detection of changes 
induced by nephrectomy or drug toxicity.  As neither blood 
nor urine sampling is required, and no labor-intensive 
microplate assays, GFR can be determined quickly after the 
imaging procedure is completed.  These results illustrate 
the potential of this imaging approach to facilitate the study 
of kidney disease and the monitoring of drug safety. 

Quantifying Cyclosporine A-induced GFR changes 

Liver 

1 Physical and spectral properties 

Inulin was conjugated to a 680 nm NIR fluorophore to yield GFR-Vivo 680. Purity and 
identity was determined by RPLC-UV-MS (not shown), and GFR-Vivo 680 has an 
absorption peak at 670 nm and emission peak at 685 nm in 1x PBS.    

Physicochemical properties Absorbance/emission 

Property Specification 

Agent Type NIRF-labeled inulin 

Molecular Weight ~6000 g mol-1 

Absorbance 670 nm 

Fluorescence emission 685 nm 

Purity > 95% 

A. Kinetic Imaging of the Heart B. Imaging Approach 

2 Blood Pharmacokinetics Imaging Protocol 

A. GFR-Vivo 680 is injected into either treated or untreated hairless mice (SKH-1E 
mice, Charles River Labs) or into normal mice in which hair in the  thoracic region has 
been removed by depilation (front, sides, and back).  Animals are imaged at 1, 5, 15, 
30, and 45 minutes to acquire images of the fluorescence circulating through the 
heart.   B. The FMT 4000 (upper left) provides tomographic capabilities, using lasers 
to scan the heart region (upper right) and generate 3D quantitative  fluorescence 
images (bottom) from which the heart signal can be isolated and quantified. 

FMT® 4000 

Imaging System Thorax Scan Set-up 

3D reconstruction Selected Heart Signal 

A. Heart Imaging 

Image Quantification Using 3D Heart ROI 

Scan Field Complete Tomographic image 

Heart 

Kinetic imaging of the heart region of mice after GFR-Vivo 680 IV injection offers a 
noninvasive approach to quantifying circulating fluorescence.  A.  A representative 
mouse scanned by FMT yields heart and blood vessel signal throughout the body.  
Heart fluorescence is identified and quantified at the indicated imaging times. B.  
Quantitative results established noninvasively by FMT imaging can be correlated to a 
parallel study in which mice were serially bled and samples assayed ex vivo in 
comparison to a standard curve. C.  Various pharmacokinetic parameters (from data 
generated from mice shown in panel A) were assessed using the Microsoft Excel Add-
In PK Solver 2.0. 

B. Correlation with Plasma     

Parameter Unit Value

Blood t1/2 min 0.04

Terminal t1/2 min 12.8

C0 nM 1333

Clearance Rate uL/min 244.7

AUC 0-t nmol/L*min 7856

AUMC nmol/L*min 2̂ 150166

Mean Residence Time min 18.4

Volume of Distribution mL 4.5

C. Pharmacokinetic Assessment 

GFR = 245 uL/min 

SKH-1E mice underwent either sham surgery or removal of one kidney 
(uninephrectomy [UNX]) to alter total GFR capability.  After 3-4 days of recovery, mice 
were injected IV with 2 nmol of GFR-Vivo 680. A.  FMT 4000 imaging of representative 
mice (i.e. representative of the mean of each group) show defined changes in heart 
region signal over time. B. Quantitative heart results for all mice, established 
noninvasively by FMT imaging, yielded kinetic curves showing delayed clearance of 
GFR-Vivo 680 in UNX mice. C. Various pharmacokinetic parameters were assessed, 
revealing quantitative differences in GFR.  Asterisk indicates statistically significant 
difference between Sham and Uninephrectomy groups (p < 0.005). 

A. FMT Heart Imaging 

B. FMT Heart Quantification 

C. Pharmacokinetic Parameters 

Parameter Unit Control CsA

Blood t1/2 alpha min 0.5 1.3

Blood t1/2 beta min 7.3 17.9

Clearance (GFR) ul/min 251 120*

AUC 0-t nmol/L*min 7860 14039

AUMC nmol/L*min 2̂ 78975 398113

MRT min 9.9 23.9

Vss mL 2.5 2.9

2 min 6 min 

16 min 31 min 

45 min 60 min 

120 min 

FMT Image Acquisition 

Sham = 251 ml/min 

 UNX  = 120 ml/min 

UNX Sham Unit Parameter 

Sham 

UNX 

6 Comparison to creatinine & blood urea nitrogen (BUN) 

Female SKH-1E mice (n = 5/group) were treated with Cyclosporine A (CsA; 80 
mg/kg/day) or vehicle (olive oil) for 14 days.  CsA is well characterized to induce 
~30% changes in GFR upon 2 weeks of dosing.  Mice were then injected IV with 2 
nmol of GFR-Vivo 680 and the heart of each animal was imaged at 1, 5, 15, 30, and 
45 minutes by FMT 4000 tomography.  A.  Average heart levels of GFR-Vivo 680 in 
control and CsA-treated mice. B.  Average calculated GFR for each group. C. Various 
pharmacokinetic parameters were assessed, revealing quantitative differences in 
GFR.  Asterisks indicate statistically significant differences between Control and CsA 
groups (#p< 0.05; *p < 0.005). 

A. Imaging B. GFR Quantification C. PK Parameters 

Parameter Unit Control CsA

Blood t1/2 alpha min 0.04 0.42

Blood t1/2 beta min 14.6 15.3

Clearance (GFR) ul/min 279 163#

AUC 0-t nmol/L*min 6330 10715

AUMC nmol/L*min 2̂ 150452 260770

MRT min 21.0 21.3

Vss mL 5.8 3.5

Experimental and Control mice from experiments represented in Figures 4 and 5 
were also assessed for plasma creatinine and blood urea nitrogen (BUN) levels.  A.  
Plasma creatinine and B.  BUN assessment of these two studies show similarities to 
GFR assessment by GFR-Vivo 680.  Interestingly, the magnitude of GFR effects did 
not necessarily correlate precisely to these other readouts, which are known to be 
less effective in mouse studies either due to the presence of interfering 
chromophores in mouse plasma (creatinine assay) or alterations due to nutrition or 
liver function (BUN assay).  Asterisks indicate statistically significant differences 
between Control and CsA groups (#p< 0.05; *p < 0.005). 

A. Plasma Creatinine B. Blood Urea Nitrogen 

The present studies  provide evidence for the utility 
of GFR-Vivo 680, in combination with FMT imaging, 
in the non-invasive quantification of glomerular 
filtration rate (GFR). Statistically significant changes 
in GFR upon uninephrectomy and cyclosporine A 
toxicity were easily detected with only 4-5 mice per 
group (imaged at multiple time points), and our 
extrapolations predict that as few as 10-15 mice per 
group would be required to detect 30% changes in 
GFR.  Even increases in GFR up to 3-fold (i.e. more 
rapid clearance from the blood) should be readily 
detectable using the protocol described.  
 
In conclusion, heart tomography of GFR-Vivo 680 
fluorescence should provide a robust approach to 
generate consistent GFR measurements in models of 
kidney disease, dysfunction, and drug toxicity. 
 
 
 
 
References 
 
1. K.O. Vasquez, C. Casavant, and J.D. Peterson. PLoS 

One 6(6):e20594 (2011). 
2. C. Sturgeon, A.D. Sam II, and W.R. Law. J. Appl. 

Physiology (84(6):2154-2162 (1998). 
 

 
 
  

Unit Parameter Value 

G
lo

m
e
ru

la
r 

F
il
tr

a
ti

o
n

 R
a
te

 (
m

l/
m

in
) 

H
e
a
rt

 I
n

u
li
n

 L
e
v
e
ls

 (
n

M
) 

Unit Parameter Control CsA 

%GFR Inhibition (GFR-Vivo 680)    
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