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APPLICATION NOTE

Measuring mouse GFR
By FITC-Inulin using the Thermo Scientific
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NanoDrop 3300 Fluorospectrometer

Introduction

The measurement of glomerular filtration rate (GFR)

is the gold standard in kidney function assessment,

and as such is used as an indicator of kidney disease.
Currently, GFR is determined by measuring the level of
the endogenous biomarker creatinine? or radioactively
(®H or “C) labeled inulin in blood plasma and/or urine.’
Rodents, particularly mice, have high concentrations

of non-creatinine chromagens in plasma and urine that
interfere with commercially available creatinine assays.
As a consequence, these assays, which are based on
the alkaline picrate Jaffé reaction or enzymatic reactions,
overestimate creatinine concentration in plasma compared
with HPLC determination.?® In addition to this, creatinine
has also been proven to be secreted in the proximal
tubule of the mouse, further adding to the inaccuracy of
creatinine-based estimates of GFR.* For these reasons,
alternate tracer molecules have been sought to help
increase the accuracy of GFR measurements.

GFR measurements using radioactive labeled inulin
clearance, the traditional gold-standard, typically require
approximately 3-5 ul of sample per measurement. This
inulin radioassay can be used in both anesthetized

and conscious mice, but harbors the disadvantages of
numerous safety regulations and strict handling issues
inherent with the use of radioactive isotopes. An alternative
protocol presented by Qi et al.® utilizes FITC-labeled inulin
as the exogenous marker to measure GFR in conscious
mice. This protocol retains the sensitivity of the traditional
assay by using fluorescence detection and circumvents
the disadvantages of radiolabel-based assays. The FITC-
inulin assay has been used in a reduced volume format

to take advantage of the microvolume capability of the
Thermo Scientific™ NanoDrop™ 3300 Fluorospectrometer in

order to further reduce the total volume of the assay.* -1
The NanoDrop 3300 Fluorospectrometer uses a patented
“cuvette-less” sample retention system for fluorescence
measurements using samples as small as 1-2 pl.

Samples are pipetted onto the optical surface and held
in place during the measurement by surface tension
(Figure 1). After measurements, the samples are quickly
and easily removed from the optical surfaces with a dry
laboratory wipe.

Figure 1: A) Loading of a 1-2 pl FITC sample on the optical surface
with a low volume pipette and B) measurement of a FITC sample
using the 470 nm blue LED.

The use of the FITC labeled inulin method in conjunction
with the microvolume technology of the NanoDrop 3300
Fluorospectrometer enabled researchers to reduce the
volumes of blood required from 20 pl to 2-10 pl per
collection.* %2 This reduced blood volume per collection
facilitated studies using serial measurements from the
same individual mouse without compromising the accuracy
of the GFR measurement data or the health of the mouse.
This application note briefly summarizes the experimental
protocol used and results obtained by Vallon et al.,® who
use a microvolume FITC-inulin procedure for use on the
NanoDrop 3300 Fluorospectrometer.
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Experimental procedures

Briefly, FITC-inulin (5% in 0.85% NaCl) is dialyzed for 24 h
against 0.85% NaCl which results in a ~2% solution and
serves to establish the standard curve. The dialyzed FITC-
inulin solution is sterile filtered and injected into the retro-
orbital plexus (2 pl/g/body weight) during brief isoflurane
anesthesia. At 3, 7, 10, 15, 20, 40 and 60 min after injection,
blood is collected from a small tail nick the end of the

tail into a Na™- heparinized 10 pl microcap (Hirschmann
Laborgerate, Eberstadt, Germany). After centrifugation,

1 ul of plasma is diluted 1:10 in 0.5 mol/I HEPES (pH 7.4)

and fluorescence is determined in 2 pl samples using the
NanoDrop 3300 Fluorospectrometer. GFR is calculated using
a twocompartment model of two-phase exponential decay
(GraphPad Prism, San Diego, CA). The mathematical modeling
to obtain GFR by single-bolus injection method was described
in detail earlier.'”® The standard curve is created by diluting

the FITC-Inulin (1:100, 1:1000, 1:2000, 1:10000, 1:20000 and
1:100000). Because of the autofluorescence of mouse plasma,
it is necessary to use mouse plasma (diluted 1:10 with HEPES)
from the same strain as diluent for the standard curve. Of
note, FITC-inulin can also be used for determination of GFR in
anesthetized mice using steady-state infusion clearance.*

Results

To measure GFR in conscious mice, plasma kinetics of

FITC-inulin following a single-dose intravenous injection

were used. For calculation of GFR, a two-compartment
model is employed. In the two-compartment model, the

Figure 2: Representative plasma clearance kinetics of FITC-inulin
using the microvolume procedure.
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initial, rapid-decay phase represents redistribution of
FITC-inulin from the intravascular compartment to the
extracellular fluid. The later phase with slower decay in
FITC-inulin concentration predominantly reflects systemic
clearance from the plasma (Figure 2). An example from
Vallon et al.® of individual mouse GFR measurements and
the population average GFR result derived from the FITC-
inulin clearance decay curve is shown in Figure 3.

Conclusion

The method described in this application note demonstrates
the feasibility of non-radioactive and repeated determination
of GFR in conscious mice without surgical procedures
(implantation of osmotic mini pumps) or metabolic cage
experiments. Using this method, diabetic hyperfiltration

as well as reduced kidney function after nephrectomy

have been shown.5® The data shown in this study clearly
demonstrate the advantage of measuring GFR using
FITC-inulin with a NanoDrop 3300 Fluorospectrometer. By
combining the sensitivity of the FITC-inulin technique with
the microvolume format of the NanoDrop 3300, required
blood volumes were significantly reduced. This reduction

in blood draw volume facilitates further studies that until
now were not possible because of the physiological effects
of the removal of larger fluid volumes. Further, this method
negates the need for radioisotopes, the use of which can
be inconvenient considering the high levels of radioactivity
used (especially in micropuncture experiments) and the
associated high costs.

Figure 3: Single measurements (left) and average (right) GFR in mice
with a mixed genetic background of 129Sv/J and C57/BL6. Data are
from Reference 6.

(@)
O
250 - o
= 8 ¢
= 2
= 3
0 200 -
O
150 -
L 129SV/J

C57/BL6



thermo scientific

References

1.

10.

1.

12.

13.

Find out more at thermofisher.com/nanodrop

For Research Use Only. Not for use in diagnostic procedures. © 2021 Thermo Fisher Scientific Inc. All rights reserved. All trademarks
are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. T110 0121

Meneton, P., Ichikawa, I., Inagami, T., Schnermann, J. Renal Physiology of the Mouse.
Am. J. Physiol. Renal Physiol. 2000. (278): F339-F351

Meyer, M. H., Meyer, R. A., Gray, R. W., Irwin, R. L. Picric Acid Methods Greatly
Overestimate Serum Creatinine in Mice: More Accurate Results with High-Performance
Liquid Chromatography. Anal. Biochem. 1985. (144): 285-290

Dunn, S. R., Qi, Z., Bottinger, E. P., Breyer, M. D., Sharma, K. Utility of Endogenous
Creatinine Clearance as a Measure of Renal Function in Mice. Kidney Int. 2004. (65):
1959-1967

Eisner, C., Faulhaber-Walter, R., Wang, Y., Leelahavanichkul, A., Yuen, P. S., Mizel,
D., Star, R. A., Briggs, J. P., Levine, M., Schnermann, J. Major Contribution of Tubular
Secretion to Creatinine Clearance in Mice. Kidney Int. 2010. (6):519-526

Qi, Z., Whitt, 1., Metha, A., Jin, J., Zhao, M., Harris, R. C., Fogo, A. B., Breyer, M. D.
Serial Determination of Glomerular Filtration Rate in Conscious Mice Using FITC-inulin
Clearance. Am. J. Physiol. Renal Physiol. 2004. (286): 590-596

Vallon, V., Schroth, J., Satriano, J., Blantz, R. C., Thomson, S. C., Rieg, T. Adenosine
A1 Receptors Determine Glomerular Hyferfiltration and Salt Paradox in Early
Streptozotocin Diabetes Mellitus. Nephron Physiol. 2009. (111): 30-38

Chen L., Kim S. M.,0Oppermann M., Faulhaber-Walter R., Huang Y., Mizel D., Chen M.,
Lopez M. L., Weinstein L. S., Gomez R. A., Briggs J. P., Schnermann J. Regulation

of Renin in Mice with Cre Recombinase-Mediated Deletion of G Protein Gsa in
Juxtaglomerular Cells. Am. J. Physiol. 2007. (292): 27-37

Doi K., Leelahavanichkul A., Hu X., Sidransky K. L., Zhou H., Qin Y., Eisner C.,
Schnermann J., Yuen P. S. T., Star R. A. Pre- existing Renal Disease Promotes
Sepsis-Induced Accurate Kidney Injury and Worsens Outcome. Kidney Int. 2008. (74):
1017-1025

Faulhaber-Walter R., Chen L., Oppermann M., Kim S. M., Huang Y., Hiramatsu N.,
Mizel D., Kajiyama H., Zerfas P., Briggs J. P., Kopp J. B., Schnermann J. Lack of A
Adenosine Receptors Augments Diabetic Hyperfiltration and Glomerular Injury. J. Am.
Soc. of Nephrology. 2008. (19): 722-730

Kim S. M., Theilig F., Qin Y., Cai T., Mizel D., Faulhaber- Walter R., Hirai H., Bachmann
S., Briggs J., Notkins A. L., Schnermann J. Dense-Core Vesicle Proteins IA-2 and
IA-2B Affect Renin Synthesis and Secretion Through the B-Adrenergic Pathway. Am. J.
Physiol. Renal Physiol. 2009. (296): 382-389

LiJ. H., Chou C., Li B., Gavrilova O., Eisner C., Schnermann J., Anderson S. A., Deng
C., Knepper M. A., Wess J. A Selective EP4 PGE2 Receptor Agonist Alleviates Disease
in a New Mouse Model of X-Linked Nephrogenic Diabetes Insipidus. J. Clin. Invest.
2009. (10): 3115-3126

Corpe C. P., Tu H., Eck P., Wang J., Faulhaber-Walter R., Schnermann J., Margolis
S., Padayatty S., Sun H., Wang Y., Nussbaum R. L., Espey M. G., Levine M. Vitamin C
Transporter Slc23at Links Renal Reabsorption, Vitamin C Tissue Accumulation, and
Perinatal Survival in Mice. J. Clin. Invest. 2010. (4): 1069-1083

Sturgeon, C., Sam II, A. D., Law, W. R. Rapid Determination of Glomerular Filtration

Rate by Single-Bolus Inulin: a Comparison of Estimation Analyses. J. Appl. Physiol.
1998. (84): 2154-2162

ThermoFisher
SCIENTIFIC


https://www.thermofisher.com/us/en/home/industrial/spectroscopy-elemental-isotope-analysis/molecular-spectroscopy/ultraviolet-visible-visible-spectrophotometry-uv-vis-vis/uv-vis-vis-instruments/nanodrop-microvolume-spectrophotometers.html?icid=MSD_SPEC_UV_AppNote_PROD_0121_T110_epdf

