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Purpose

In virtually all diabetes research the most commonly
measured varable is glucose. In some cases it is
desirable to have a minute by minute profile of the
glucose changes. In other cases average values
over longer periods of time are more valuable.

Existing Methods

Glucose has traditionafly been measured in blood.
In small animals there is a limit to the amount of
blood which can be removed. There is also the prob-
lem of vascular access. Blood can be obtained from
mice by cardiac puncture or from the orbital sinus.
In rats, blood can be obtained by cardiac puncture or
from the tail vein. None of these procedures can be
performed easily and without some stress to the ani-
mal. The stress of the procedure has the potential
of altering the very variable being measured.

Ultrafiltration Method

An alternative to traditional methods of glucose
moniioring is the measurement of glucose in ultrafil-
trate obtained from a subcutaneously implanted
probe. It has be shown, in long term studies with
dogs, that there is a high correlation of blood and
ultrafiltrate glucose in diabetic and nomal dogs [1}.
The ultrafiliration (UF) probe can be used to follow
the progression of diabetes in naturally diabetic
mouse models or following the injeclion of a diabeto-
genic drug. The probe can also be used to follow
the glucose response to feeding or a glucose challenge.

EXPERIMENTAL

Diabetic Mouse Models

There are several genetic mouse models of diabetes
such as the C57/BLKsJ db/db mouse and the NOD
mouse, Diabetes can be induced in normal mice
with infraperitoneal injection of sireptozotocin [2] or
alloxan [3].

Ultrafiltrate probes

There are two UF probes which are suitable for im-
plantation in the mouse. The probe with one 2 cm
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Monitoring Glucose in Diabetic Mice with the Ultrafiltrate Probe

long fiber, UF 1-2 (PN MF-7027) provides a flow rate
of 2-4 ul/hour. This is a suitable flow rate to obtain
a daily average glucose value. Te monitor glucose
in the mouse for shorter intervals, the UF 3-2 probe
with 3 ultrafiltrate fibers each 2 cm long (PN MF-
7026) provides a flow rate of 8-10 pl/hr [F1].
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Figure 1. Flow rate is an important factor in choos-
ing an appropriate UF probe. The UF-3-2 probe pro- -
vides a flow rate of 8-10 pl/hr (a) and the UF-1-2
provides a flow rate of 2-4 pL/hr (b).

If long term studies are planned, the probes should
be sterilized with ethylene oxide to prevent degrada-
tion of the glucose in the ulirafiltrate sample by bac-
terial contamination.

Sample Collection

The negative pressure for sample collection can be
generated in two ways. A needie hub can be at-
tached to the UF probe fubing. The needle is in-
serted into a Vacutainer® (PN MF-7024). The Vacu-
tainer® serves as the vacuum source and sample
vial. Alernatively the probe tubing can be aftached
to a mini-peristaltic pump (PN MF-5200) and the
samples can be collected automatically in a refriger-
ated fraction collector (PN MF-5148). For iong term
studies, where the goal is to to determine the pro-
gression of diabetes and only one or two samples a
day are required, the hub and Vau::utauner® sysiem
is preferable. The Vacutainers® are sierile and the
hub can be ethylene-oxide sterilized. For shorl term
studies which require frequent sampling, the pump
and fraction collector are preferable.

Ultrafiltrate Probe Implantation

The subcutaneous UF probes are implanted accord-
ing_to the procedure described elsewhere [4] __Mice

(765) 463-4527 = FAX (765) 497-1102 * bas@bioanalytical.com



are anesthetized with an intrapsritoneal injection of
0.01 mL/kg of KX (10 mL Ketamine (100 mg/mL) + 1

* mL Xylazine (100 mg/mL). A 1/3 cc insufin syringe

{(Becton-Dickenson) is useful for this injection.

The fur is clipped from the imptantation site on the
back at the base of the neck. The probe is placed in
the introducer cannula (PN MF-7021}. A small inci-
sion is made at the insertion site. The cannula is in-
serted under the skin and withdrawn, leaving the #i-
ber portion of the probe under the skin. The probe
is sulured in place. In order to prevent the mouse
from chewing or scratching a hole in the probe tub-
ing, a three-inch piece of lightweight spring or hard
plastic tubing can be placed over the probe tubing.
A collar (PN MF-5371) is placed around the neck of
the mouse.

For Vacutainer® collection inserl the probe tubing
into the hub assembly (PN MF-7021) and insert the
needle into the Vacutainer®. The mouse is placed in
an awake animal system. The collar of the mouse is
tethered to a fightweight lever system and the Vacu-
tainer® is secured to the tether [2]. An acrylic cover
is placed over the contalner to prevent the escape of
the mouse.

Figure 2. Awake animal system for mouse with a
UF probe.

For automatic fraction collection, the mouse is
placed in a CMA/120 awake animal system (PN MF-
5172) and the probe tubing is attached to the swivel
with a tubing connector (PN MF-5163).

Glucose Analysis

Glucose is analyzed by flow injection analysis using
the BAS 480 glucose analyzer with an immobilized
enzyme reactor column (MF-6152), maintained at
35 C by an LC-22A temperature contreller with an
L.C-23A column heater. The mobile phase is 20 mM
NaHzPO4 pH 5.5 with 5 mL/L of BAS Kathon CG
reagent (CF-2150). The flow rate is 1 mL/min. For
electrochemical detection a platinum elecirode is
maintained at + 500 mV vs Ag/AgCl. The electrode
is coated with Nafion® to minimize interferences [5-
6]. UF samples are diluted 50 to 100 times with mo-
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bile phase, depending on the concentration of glu-
cose in the samples.

Results and Discussion

The technique of monitoring glucose levels with the
UF probe allows the documentation of the degree of
exposure lo hyperglycemia which each animal has
sustained. This is valuable information in cormelating
the effect of hyperglycemia on long-term complica-
tions or evalualing drugs or treatments. F3 shows
the glucose history of three mice treated with the
same dose of streptozotocin. The degree of diabe-
fes induced in the three mice was quite different.
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Flgure 8. Three mice develop different levels of hy-
perglycemia after injection of streptozolocin.

F4 shows that the variation in glucose levels in a
single mouse over a 12 hour period can be two hun-
dred mg/dl.. Because of these fluctuations, a few
isolated blood glucose values may not be a valid in-
dication of the degree and duration of exposure lo
hyperglycemia.
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Figure 4. Glucose levels can fluctuate over 200
mg/dL in the course of a day.
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