Good afternoon. Today we are going to talk a bit about mouse
phlebotomy, specifically the Superficial Temporal Vein and the
Retro-Orbital Venous Plexus Collection techniques. The former
you know as the facial vein, Submandibular, or cheek pouch
technique. The reason I have chosen these two methods to
discuss is because they are the quickest, most cost effective
ways to obtain large amounts of blood from a large number of
mice.
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The areas we are going to look at are:
An overview of both collection techniques, how and where we
get the blood.
The impact of these collection methods on the integrity of the
sample for hematology and chemical analysis.
The stress response of the mouse to these procedures.
And lastly, a comparison of the two in terms of cost.
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Here we have a nice microCT image of the facial vascular
system of the mouse. We can easily find the venous plexus
behind the eye that we will access for the retro-orbital bleed,
and also the superficial temporal vein that we will target for the
lancet procedure. Note the location of the superficial facial vein
which was previously referred to as the target for the lancet
technique.
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We’ll start with the Superficial Temporal Vein Collection
technique. Upon dissection of the face, we can see that the
superficial temporal vein is a large vessel positioned behind
the eye which can be traced backward to the jugular vein. We
have confirmed that the superficial temporal vein is the correct
target by dissecting the face after a bleed and examining this
vessel for puncture. Note that the superficial facial vein, which
was previously described as the target vessel, is in fact sitting
too low on the jaw line.
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When performing the Superficial Temporal Vein bleed, which I
will refer to as STV for the remainder of this presentation, facial
landmarks and how the mouse is restrained are extremely
important. The location of the sebaceous gland will lead us to
the puncture site, so it is important to restrain the mouse in
such a manner that this gland is not moved overly much from
its natural location.
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We have developed a technique that works well for locating our
target vein. From the sebaceous gland, the location of which
has been marked by the surgeon through the skin and onto the
muscle, we move one eye length back and one eye width up,
and there we are. This strategy works well with all strains,
excepting nude and hairless mice because the gland is not
visible. In which case, I approximate where the gland should
be located and I can generally find the vein easily.
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For STV, I use the Golden Rod Animal Lancet manufactured by
Medipoint. The 4 mm length is sufficient for most of our mice.
On occasion, I have used the 5 mm length for large strains
such as MRLs or for very obese mice.
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Here, a technologist is preparing to collect the blood. She is
holding the mouse in such a manner that the face is relaxed.
The sebaceous gland is located; she moves one eye length
back and one eye width up.
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She goes in with consistent, swift pressure up to the hub of the
lancet and withdraws swiftly, it is not a jabbing motion, but
smooth and controlled.
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And, the mouse’s coat miraculously changes color! Actually, I
wanted to show you that the proper way to collect the blood is
to allow it to free fall into the collecting tube. This proved
impossible to show with a black mouse and a dark blood
droplet.
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Upon completion, the technologist gently pats the wound with
gauze or a Kim-wipe, mixing the coagulant elements of the
blood with the fur, resulting in swift clotting. The mouse is soon
back in his box and behaving normally.
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Onward to the Retro-Orbital Venous Plexus Technique which I
will refer to as RO for the remainder of this talk.
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First, I will tell you that this mouse is awake. General
anesthesia should be used when performing RO. This mouse
has received the topical eye anesthetic, Tetracaine. For my
corticosterone studies, which we will get to later, I needed to
compare two sets of mice which were conscious, so our ACUC
allowed me to use topical anesthesia for this particular study.
The technique is still the same. The mouse is restrained in
such a manner that it cannot move, but is breathing well. The
lid is gently pulled back from the globe.
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The capillary pipette is gently inserted between the lid and the
globe, pushing backward with even pressure, puncturing the
conjunctiva, and gaining access to the venous plexus. The
blood is then allowed to drip from the capillary tube into the
collection tube.
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Afterwards, the eye may be patted with a wipe and should look
like this, normal with no apparent damage.
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Sample Integrity. The quality of results is only as good as the
quality of the sample, in other words (to put it nicely): junk goes
in, junk comes out.
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Two of the most important pre-analytical variables to avoid are
hemolysis for chemistry and clotting for hematology. Hemolysis
occurs when red blood cells are damaged and rupture. Even
though some disease states, such as hemolytic anemia, or
other injuries to the body, such as extensive burns, can cause
hemolysis, it is usually the result of a difficult phlebotomy. The
serum or plasma will be discolored from light pink to deep red,
depending upon the degree of cell rupture.
Clotting is caused by the activation of platelet factors. Mice
have 3 to 4 times as many platelets/ml of blood as humans,
and thus a lot more platelet factors to excite and activate. It
has been speculated that mice have so many platelets
because they are a prey animal. Therefore, any wounds must
be closed quickly for a chance of survival. This makes
collecting a nice, anticoagulated sample for us to run through
our hematology analyzers quite challenging….but it can be
done!
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This is the slide missing from our previous STV collection
photo shoot. I rarely see hemolyzed samples from STV
collection, but when I do, it is caused by rubbing the face of the
mouse against the receiving tube. The more one rubs, the less
blood will flow, and the more cells will be damaged. The
movement of the fur over the wound activates clotting.
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Once more, here is the proper way to collect the blood. Let the
drops free fall into the tube. This not only avoids cell damage,
but the blood is also mixing quickly with any anticoagulant
which may be present.
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I believe the reason that I see more hemolysis and platelet
clumping with the RO technique is the capillary tube. The blood
is forced down this narrow tube from the venous plexus
causing cell rupture. Often clotting occurs even when using
anticoagulated capillary tubes. Remember, each capillary tube
is designed to anticoagulate 75 uL of blood, by the time the
needed 200 uL of blood for hematology analysis is drawn; the
anticoagulant has long since been used up.
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These are the microtainers that work well in our laboratory. For
hematology, the purple-topped BD microtainers have the
K2EDTA anticoagulant flow coated onto the sides of the tubes.
It’s not like the olden days when there was just a big lump of
EDTA powder on the bottom. This flow coating technology
allows for proper anticoagulant ratio to blood volume and is
why we only need 200 uL of blood for good recovery of results.
We verified this sample volume by performing validation
studies with samples from the same mouse at 200, 250, and
500 uL volumes.
The yellow-topped BD SST tubes work very well for obtaining
serum without including stray red blood cells. After
centrifugation, a barrier gel forms separating the serum from
the clot, allowing for quick removal and a pure sample. Serum
is the sample of choice for most chemistry assays.
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When chemistry samples come into my lab, I can tell at a
glance which ones were collected by STV and which by RO.
You can see the difference here, the STV sample is clear; the
RO is reddish tinged, hemolyzed.
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Why is hemolysis so bad? When red blood cells rupture, heme
and enzymes are released into the sample matrix which
adversely affects many of the tests we run on mice, such as
Bilirubin, electrolytes, muscle and liver enzymes, and
colorimetric assays. Most often, results are falsely elevated. If
you are not getting notations from your lab about the presence
of hemolysis, your data could be skewed. You may think that
you are discovering a new strain of mouse model for liver
disease or muscular dystrophy when, in fact, you are only truly
observing the results of bad samples.
Our chemistry analyzer has a feature called the hemoglobin
index. With this, we can semi-quantitatively measure the
amount of hemoglobin, which equates to hemolysis, in our
samples.
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This is the result of a comparison study we did with STV and
RO collected samples. The Y axis represents the Hemoglobin
Index, the X axis are our samples. You can see that there was
a much greater degree of hemolysis in the RO samples, which
resulted in a significantly false elevation of these Creatine
Kinase values. This is very typical of interference by hemolysis.
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On to hematology and platelet clumping. Here we see a
comparison of RO and STV samples, whole blood
anticoagulated with K2EDTA. The RO samples have many
more platelet clumps resulting in a falsely decreased total
platelet count, but there is another significant parameter which
can also be affected by these clumps.
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This is a histogram from our Siemens Advia 2120 Hematology
analyzer. This is a great sample, typical of a STV collection.
The platelet clumps are low and nicely captured by the gates.
The cell populations of the differential are cleanly separated
and captured as well.
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Here is an RO sample with many platelet clumps. There are so
many of them that the Advia cannot gate and capture them all.
Instead, they flow into the Eosinophil area of the differential
count causing this count to be falsely elevated. Now, if you
were not looking at your histograms and going only on this
data submitted in Excel, you might think that you have a nice
mouse model for allergy studies because of this eosinophilia,
when what you truly have is, once more, just bad samples. So,
be aware of how pre-analytical variables such as hemolysis
and clumping can cause a serious false bias on your research.
It behooves all of us to avoid these pitfalls as much as
possible.
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Ok, but can we tell if one of these collection methods causes
more stress than the other to the mouse? The best way to do
this is by measuring the corticosterone levels.
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Add only that in humans, cortisol is the major stress hormone.
This means that glucose goes up and insulin goes down, as
the mouse prepares for flight or fight. This can be bothersome
when monitoring mice for diabetes, are we getting a true
result? Or, is it a falsely elevated result due to stress?
Also, that all of my studies were performed between 9:30 AM
and 1:30 PM.
For the remainder of this talk, I will refer to corticosterone
simply as cort.
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Here are the results from a study we did comparing the cort
and glucose results from these two procedures. Previous work
in mice has demonstrated a rise in cort levels associated with
stress. As you can see, the cort level was significantly lower for
the STV method. I believe this is because the restraint time for
STV is at least half that for the RO method. It took on average
30 seconds from time of restraint to complete the STV bleed. It
took 90 seconds, allowing 30 seconds for the topical
anesthetic, for the RO method. Approximately 200 uL of blood
was collected for this study.
You can also see that Glucose levels were lower with the STV
group. Glucose response lags behind the cort response. The
longer the restraint, the higher the stress, the higher the cort,
and the higher glucose (and conversely, the lower insulin levels
will go). This cascade of these events can adversely affect
diabetic studies.
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Labor is the most important factor when comparing the cost of
these methods. This chart shows us that it takes less time to
collect more sample when utilizing the STV technique. Again, I
think this is because the drops of blood from STV are larger
(about 40 to 50 uL) allowing for a quicker collection than the
average drop size of 25 uL from the capillary tube used for RO.
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Summary
Other facts 1% mortality rate, RO 100 % morbidity
Ergonomics Slide 19

32

Acknowledgements

33

