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[Abstract] Blood serum or plasma osmolality is the measure of electrolyte to water balance in the body’s
circulation, and is tightly regulated in physiological states in order to maintain normal levels of serum
solute (Bourque, 2008). Osmolality is defined as the number of osmoles of solute per kg of water
(mOsm/kg) (Dufour, 1993) and can be measured using different techniques that rely on the colligative
properties of the solution. The most commonly used in lab settings are vapour pressure and freezing
point osmometry, which are relatively quick and easy to perform. Freezing point osmometry is preferred
because it is insensitive to volatile compounds, such as alcohol, that may be present in the solution.
Measurement of serum or plasma osmolality is clinically relevant for a number of conditions and
diseases, including hypernatremia, diabetic ketoacidosis, and the syndrome of inappropriate antidiuresis
(Ellison, 2013; Lupsa and Inzucchi, 2013; Reddi, 2013). In this protocol, we describe the measurement
of serum osmolality in rats using the freezing point osmometry technique as originally outlined in our
previous study of osmoregulatory perturbations in sepsis (Stare et al., 2015).

Materials and Reagents

1. Underpad (AMG Medical, catalog number: 760-372)
2. 21 G x 1 ½ in. needle (BD, catalog number: 305167)
3. 5 ml syringe (BD, catalog number: 309646)
4. 1.5 ml microcentrifuge tube (Diamed, catalog number: DIATEC610-3169)
5. 1,000 μl pipette tips (Diamed, catalog number: DIATEC520-6753)
6. Kimwipes (Thermo Fisher Scientific, Fisher Scientific, catalog number: 06-666A)
7. 1 rat (Rattus rattus; 100-300 g)
8. Isoflurane (CDMV, catalog number: 19417)
9. 100% oxygen
10. 290 mOsm/kg control solution (ClinitrolTM 290 Reference Solution) (Advanced Instruments,
catalog number: 3MA029)
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Equipment

1. Forceps (Dumont #7b forceps) (Fine Science Tools, catalog number: 11270-20)
2. Veterinary gas anesthesia machine (Dispomed, model: 975-3300-000MRI)
3. Induction chamber (VetEquip, model: 941444)
4. 1,000 μl pipette (Gilson, PipetmanTM, model: F123602)
5. Nosecone connected to Bain circuit (VetEquip, model: 921463)
6. Centrifuge (Spectrafuge 24D) (Labnet International, model: C2400)
7. Vortex (Vortex Genie 2) (Scientific Industries, model: SI-0236)
8. Freezing point osmometer (Advanced Instruments, model: 3320 Micro-Osmometer)
9. Ease-Eject 20-Microliter sampler (Advanced Instruments, model: 3M0825)
10. Sampler plunger wire (Advanced Instruments, catalog number: 3M0828)
11. Sampler tips and chamber cleaners (Advanced Instruments, model: 3MA800)

Procedure

A. Cardiac puncture
This section describes the cardiac puncture method for acquiring and handling a blood sample in
preparation for measuring serum osmolality (see Note A1).
1. Deep anesthesia will take approximately 10 min overall. Place the rat into the induction chamber.
Adjust the oxygen flow rate to 1.5-2 L/min, and the isoflurane vapourizer to 5%.
2. Once the rat has stopped moving for several minutes (2-4 min), it can be transferred onto the
working surface and placed on the mask attached to a Bain circuit.
3. Place the rat parallel to self in the supine position, with the head towards your non-dominant
hand, and tail towards your dominant hand. Adjust the oxygen flow rate to 0.4-0.8 L/min and
continue at 3-5% isoflurane.
4. Verify that it is deeply anesthetized by using the tweezers to pinch the toes. The rat should not
respond. Maintain the isoflurane at 3-5% (see Note A2).
5. Test the plunger on the 5 ml tube, making sure that it moves smoothly. Leave the plunger slightly
retracted. Attach the 21 G 1 ½ in. needle.
6. Using your non-dominant hand, gently press the forelimbs down on the table and inwards into
the body so that the claws face towards its hind legs and the forelimbs are parallel to the chest.
This ‘squeezing’ of the forelimbs into the body will lift up the rib cage providing easier access to
the heart.
7. With your dominant hand, insert the needle to the anatomical left of the xiphoid process at a 30°
angle (upwards from the chest) and slowly push it into the chest while maintaining a gentle
negative pressure with the plunger (see Note A3). You may feel a resistance when you reach
the heart, but this is not always the case.
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8. Once you have reached the heart, a small amount of blood will enter the syringe. Release the
negative pressure. Let go of the forelimbs, and use your non-dominant hand to stabilize the
syringe. Use your dominant hand to slowly pull back on the syringe.
9. Once you have collected your desired amount of blood (see Note A4), gently apply a small
positive pressure by pushing the plunger in, and pull the needle out. A bit of positive pressure
will prevent hemolysis during retraction of the needle (see Note A5).
10. Immediately transfer the blood in the syringe into a 1.5 ml microcentrifuge tube. To do so,
remove the needle from the syringe and gently expel the blood into the tube. The blood will have
begun to coagulate and if this step is done too quickly, it will cause hemolysis.
11. Leave at room temperature (RT, ~22 °C) for 30-60 min, or place the tube on ice in an insulated
foam container with the lid closed for a minimum of 30 min and up to 9 h (see Note A6 and
Representative data).
12. Follow up with a recommended physical method of euthanization (e.g., pneumothorax, cervical
dislocation) as per your institution’s animal use guidelines.

B. Serum separation
This section describes the blood processing necessary to prepare the serum sample for osmolality
measurement.
1. Centrifuge the blood sample at 6,000 x g for 5 min. The resultant thick and dark red pellet will
contain the haemocytes. The clear, off-white-to-yellow supernatant layer will contain the serum.
1.5 ml of blood provides approximately 0.5-0.7 ml of serum (see Notes B1 and B2).
2. Pipette the supernatant into a fresh microcentrifuge tube. Be sure not to disturb the pellet when
collecting the serum.
3. Store at 4 °C until ready for further processing, making sure that the lid is completely closed to
prevent evaporation.

C. Osmolality measurement
This section starts by verifying the reliability of the osmometer by measuring a solution with a known
osmolality value (290 mOsm/kg control solution), followed by the method of measuring serum
osmolality.
1. Make sure that your osmometer has been recently calibrated following the manufacturer’s
guidelines, and is in good working order.
2. This is a quality control step to test the osmometer (see Notes C1 and C2).
a. Attach a sampler tip to the sampler. Use the sampler to draw 20 μl of the 290 mOsm/kg
control solution.
b. Wipe the outside of the sampler tip dry with a Kimwipe, including the tip perimeter. Blot
excess sample so that the meniscus is in line with the tip or slightly concave (see Note C3).
c.

Insert the sampler into the cooling chamber. The measurement will take approximately 1
min.
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d. When the measurement has been completed, pull out the sampler, and remove and discard
the sampler tip (see Note C4).
e. Dry the sampler plunger wire with a Kimwipe.
f.

Clean the cooling chamber with a chamber cleaner as per the manufacturer’s instructions

g. Repeat steps C2 a-f two more times.
3. Check for any residue at the bottom of your serum sample. Should residue be present,
centrifuge the sample again at 6,000 x g for 2.5 min, and pipette the serum into a fresh
microcentrifuge tube.
4. Vortex the sample for 5 sec.
5. Measure the serum osmolality using the same technique described in step C2, briefly vortexing
(~3 sec) the serum in between each measurement (see Notes C1 and C2).
a. Attach a sampler tip to the sampler. Use the sampler to draw 20 μl of the serum sample.
b. Wipe the outside of the sampler tip dry with a Kimwipe, including the tip perimeter. Blot
excess sample so that the meniscus is in line with the tip or slightly concave (see Note C3).
c.

Insert the sampler into the cooling chamber. The measurement will take approximately 1
min.

d. When the measurement has been completed, pull out the sampler, and remove and discard
the sampler tip.
e. Dry the sampler plunger wire with a Kimwipe.
f.

Clean the cooling chamber with a chamber cleaner as per the manufacturer’s instructions.

g. Repeat steps C5 a-f two more times (see Note C5).
6. When all measurements have been completed, clean the cooling chamber as per the
manufacturer’s guidelines.
7. Report the final value as an average of all serum osmolality measurements.

Notes

A. Cardiac puncture
1. Any blood collection method is sufficient for the purpose of measuring serum osmolality. We
outline the cardiac puncture method as described in the original article (Stare et al., 2015).
2. Since the cardiac puncture is a terminal exsanguination procedure, maintaining body heat is
unnecessary. Isoflurane can be maintained at maximum levels (5%) throughout the entire
procedure.
3. Approximately 40-70% of the needle will need to be inserted, depending on the size of the rat.
If the needle is completely inserted and there is no indication of blood in the syringe, then it is
likely that the heart has been missed. In this case, withdraw the needle without removing it from
the chest cavity, and try again. If an additional attempt is unsuccessful, replace the needle with
a new one. Sometimes an attempt is unsuccessful because the needle becomes blocked.
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4. A 100-300 g rat will provide > 5 ml of blood, however only ~0.15 ml of blood is required to
produce the minimum amount of serum (3 x 20 μl, see Note C1) necessary for osmolality
measurement. This protocol describes the collection of 1.5 ml of blood because it is the amount
that we usually collect for our own experiments (Stare et al., 2015).
5. Hemolysis is the rupture of erythrocytes and can be visually detected in the serum by a change
of colour from yellow/white to red. Hemolysis can alter the composition of the serum and thus
potentially alter serum osmolality measurements (Lippi et al., 2012).
6. A difference between serum and plasma is that serum does not contain coagulants. Therefore
it is important to allow the blood to coagulate fully prior to centrifuging the sample. Storage time
and temperature recommendations prior to centrifugation of the whole blood sample vary and
is to this day debated (Abbadi et al., 2014; Curia et al., 2009; Seifarth et al., 2004), however we
routinely place the sample on ice in an insulated foam container with the lid closed for up to 9 h
without any adverse effects (see Representative data). Once the serum is isolated, it can be
stored at 4 °C for up to 24 to 48 h (see Representative data; Curia et al., 2009).
B. Serum separation
1. If the serum layer contains particles that are visible to the eye, re-centrifuge the sample at 6,000
x g for 2-5 min, and collect the serum into a fresh microcentrifuge tube.
2. Occasionally a thickened, off-white substance appears in the serum layer after the blood has
been centrifuged. There are two options to consider: either re-centrifuge at 6,000 x g for 2.5-5
min, or collect the serum around it if possible.
C. Osmolality measurement
1. The listed osmometer uses 20 μl per measurement, and has a resolution of ± 1 mOsm/kg.
However, we keep a minimum of 200 μl of serum sample.
2. Keep the lid of the microcentrifuge tube closed in between sampling to prevent evaporation.
3. When using the sampler, make sure to closely follow the manufacturer’s guidelines to acquiring
a reliable and measurable 20 μl sample. This will include ensuring that there are no bubbles in
the sample, and keeping a consistent meniscus level. Consistency is very important as these
subtle differences can cause inconsistencies with the measurements that may mimic calibration
problems with the osmometer or sampler plunger wire deterioration.
4. Should the measurements of the control solution be outside of the stated value of the standard,
re-calibrate the osmometer.
5. If the measured serum osmolality values are consistently varying by more than 3 mOsm/kg per
test, clean the freezing chamber with alcohol as per the manufacturer’s guidelines. If values are
still highly variable, replace the plunger wire in the sampler following the manufacturer’s
guidelines.
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Representative data

We investigated the effects of different coagulation times and temperatures on serum osmolality
measurements determined immediately and after one day of cold storage. We found that there was
no appreciable impact of various coagulation times for blood samples left at room temperature (RT,
~22 °C; 30 min and 60 min) or ice (~0 °C; 30 min, 60 min, 90 min, and 9 h; Figure 2A and 2B). We
also found that serum samples were stable for a day at 4 °C (Figure 2C).
1. Experimental design
Seven adult male Westar rats were subjected to the cardiac puncture procedure outlined above.
Collected blood was divided into six 1.5 ml microcentrifuge tubes, and left to coagulate at RT or
on ice in an insulated foam container with the lid closed for various lengths of time. Each serum
sample was separated as described above, and aliquoted into 2 microcentrifuge tubes: one tube
was used for immediate osmolality measurement (time point ‘0 h’), and the other was kept at
4 °C for one day (time point ‘24 h’). Reported values are means of 3-7 measures per sample
with ± SEM, and standard deviation (SD) where specified. Statistical analysis and graphing was
performed using SigmaPlot 12 and Prism 6 to compare means by One Way ANOVA and paired
t-test. A P value of < 0.05 was considered to be significant.
2. Results

Table 1. Sample data used for graphing the standard curve
Measured Osmolality

Mean Osmolality

(mOsm/kg)

(mOsm/kg)

100 mOsm/kg

100; 101; 100

100.3

0.577

290 mOsm/kg

291; 290; 290

290.3

0.577

500 mOsm/kg

500; 501; 499

500.0

1.00

900 mOsm/kg

901; 901; 901

901.0

0

Control Solution

SD (mOsm/kg)

Figure 1. Standard curve used to test the calibration and performance of the osmometer
used in this study
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Table 2. Sample data

Sample ID

Control (290

Protocol

Serum Osmolality
(mOsm/kg) -raw values

Mean
Osmolality
(mOsm/kg)

SD
(mOsm/kg)

/

290; 290; 290

290.00

0

2A

Ice-30 min

307; 305; 306

306.00

1.000

2B

Ice-60 min

305; 308; 309; 303; 302

305.40

3.050

2C

Ice-9 h

302; 303; 305; 306; 302

303.60

1.817

2D

RT-30 min

308; 303; 307; 305; 305

305.60

1.949

2E

RT-60 min

308; 304; 305

305.67

2.082

2F

Ice-90 min

305; 306; 305

305.33

0.577

mOsm/kg)

Figure 2. Effects of storage temperature and duration on serum osmolality. A. Serum
osmolality values of blood samples (n = 7 each) allowed to coagulate for 30 min to 9 h at RT
(~22 °C) or on ice (~0 °C). There was no statistical difference between categories (One Way
ANOVA, F(5, 36) = 0.472, P = 0.795); B. Osmolality values normalized to RT-30min; C. Effect of
one day of cold storage (4 °C) on serum osmolality values. There was no statistical difference
(paired t-test, P = 0.241) between samples that were measured immediately and samples that
were stored at 4 °C for one day (0 h, 303.72 ± 0.44 mOsm/kg, n = 26; 24 h, 303.146 ± 0.60
mOsm/kg, n = 26).
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