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Brief Report

CREATINE KINASE IS ELEVATED BY THE SUBMANDIBULAR VEIN BLEED
TECHNIQUE, OBSCURING THE MEASUREMENT OF MUSCLE DAMAGE
IN SEPSIS
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animal welfare

Organ dysfunction is a defining feature of sepsis (per the sepsis-3
guidelines (1)), and it is therefore key to measure organ dysfunc-
tion in animal models of sepsis. For nonterminal studies, organ
damage can be assessed by measuring serum enzymes, including
creatine kinase (CK; indicating muscle damage), lactate dehydro-
genase (LD, indicating tissue damage), and blood urea nitrogen
levels (BUN, indicating impaired kidney function), as shown
by our own lab and others (2—10). When designing an animal re-
search study, it is always important to consider the three Rs: re-
placement, reduction, and refinement. Regarding the latter, prior
reports suggest that it may be preferable to obtain blood from
the submandibular vein of mice versus the retro-orbital plexus
for improved animal welfare, depending on the experimental de-
sign and the experience level of the investigator (11—13). During
the course of our studies, we switched from the retro-orbital bleed
technique to the submandibular vein bleed technique, as an effort
to refine our humane use of animals. However, we encountered
an unexpected effect on the measurement of serum CK, an indi-
cator of muscle damage, which we describe in this brief report.

This study aimed to investigate the effects of sleep interruption
on sepsis pathogenesis. Animal experiments were approved by
the IACUC of TTUHSC El Paso and Mercer University. Male
and female C57BL/6J mice (5—15 weeks old) were subjected to
a subject to a sleep interruption procedure in which they were
housed on an intermittent orbital rotator, as described in a previ-
ous report (14). The equipment was set to oscillate at 100 RPM
for 30 s, and then switch off for 90 s. This cycle was repeated ev-
ery 2 min for 48 h starting at “lights on” in the 12-h light/12-h
dark vivarium cycle. A second group of mice was subject to a
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control procedure in which they were housed on the same orbital
shaker during the nighttime (when mice are normally awake) but
returned to their stationary housing mode during the daytime
(when mice sleep), for 48 h in the same manner. Another control
group of mice was allowed to sleep normally (they were never
placed on the orbital shaker). All three groups received hydrogels
for the 48-h period. The animals tolerated these procedures well
with no overt signs of distress.

The animals subsequently underwent cecal ligation and punc-
ture (CLP) to induce sepsis (1 cm ligation, 2 punctures) and re-
ceived lactated ringer’s solution and imipenem/cilastatin antibi-
otics, per our prior reports (3,4,15—17). Blood was collected at
0 h (pre-operatively), 6 h, 12 h, and 24 h relative to the procedure.
Blood samples were collected from the retro-orbital plexus or
submandibular vein. For both techniques, animals were anesthe-
tized with a precision isoflurane vaporizer. For the retro-orbital
bleed technique, proparacaine was applied to numb the eye, and
then blood was collected by gently easing a capillary tube be-
tween the eye and the retro-orbital plexus and rotating it. Gentle
pressure was applied to stop the bleeding, and ophthalmic oint-
ment was applied to soothe the eye. This procedure is described
in detail in our prior report (18). To reduce the stress to the ani-
mals, we applied a soothing petroleum ophthalmic ointment after
each bleed, and alternated between the eyes for serial bleeds. For the
submandibular vein bleed technique, the puncture site was located
between the mandible and ear, slightly superior to the natural fur
whorl on the mouse face. The vein was punctured with a lancet,
then blood was collected with a capillary tube. Pressure was applied
to stop the bleeding. We limited the total amount of blood collected
to <10% blood volume as the sum of all bleeds. Animals were
weighed pre-operatively to calculate their blood volume based on
weight (using the formula 7.8 mL/100 kg body weight (19)).

The blood was spun down in gold-top BD microtainers with
clot activator and serum was collected from above the barrier
gel. Total CK, LD, and BUN levels were measured using re-
agents from Pointe Scientific. Data were compared with a Mann-
Whitney test (pair-wise comparisons), or a Kruskal-Wallis test with
Dunn’s multiple comparison test (3+ groups). P < 0.05 was con-
sidered significant.
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B. Serum CK after CLP (retro-orbital bleeds)
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Fic. 1. Submandibular bleeds elevate serum CK, obscuring muscle damage induced by sepsis. Male and female C57BL/6 mice were subject to CLP to
induce sepsis. Blood samples were obtained via the retro-orbital or submandibular route pre-operatively. Serum enzymes were measured including (A) CK (n = 36
for retro-orbital bleeds, n = 33 for submandibular bleeds), (C) LD (n = 36 for retro-orbital bleeds, n = 16 for submandibular bleeds) and (D) BUN (n = 36 for retro-
orbital bleeds, n = 16 for submandibular bleeds). B, For the retro-orbital route, blood samples were obtained at 0 h (pre-operatively), and at 6 h, 12 h, and 24 h after
CLP and we measured the elevation in CK induced by sepsis (n = 43 mice, with serial samples obtained from the same mice for each time point). BUN, blood urea

nitrogen; CK, creatine kinase; LD, lactate dehydrogenase.

We observed no difference in CK levels between the “sleep in-
terruption,” “control procedure,” and “normal sleep” groups in-
cluded in our study (the comparison is not shown, for brevity).
However, we obtained an unexpected finding that approximately
half of the mice in the submandibular vein bleed technique showed
an elevated serum CK level at baseline (e.g., for the pre-operative
bleed) (Fig. 1A). The CK levels in the animals bled via the retro-
orbital route ranged from 64 to 3,266 U/L, while CK levels in
the mice bled via the submandibular vein route ranged from 87
to 8,450 U/L, with 15/33 exceeding the maximum value in the
retro-orbital bleed group (Fig. 1A). Overall, the CK levels were
significantly higher in the group bled from the submandibular
vein in comparison to the animals bled from the retro-orbital plexus
(Fig. 1A). Importantly, the baseline levels of CK in mice bled via
the submandibular route were similar to those observed in septic
mice bled via the retro-orbital route at 6, 12, and 24 h after surgery
(Fig. 1B). In contrast to the results obtained with CK, the levels of
baseline serum LD and BUN were similar in animals bled via the
retro-orbital versus submandibular vein methods (Fig. 1, C-D).

Our data indicate that the lancet-based submandibular vein
blood collection method elevated the serum CK readings in our
study, in the blood samples obtained before sepsis was induced.
We believe that this was most likely the result of local skeletal
muscle damage when the cheek muscle was punctured by the lan-
cet. Because the magnitude of this effect was similar to the eleva-
tion in serum CK that occurs 6—24 h post-CLP; it obscured the
measurement of muscle damage due to sepsis, and prevented us
from using these blood samples to compare our experimental
groups. We present this as a cautionary tale for others interested
to measure muscle damage in sepsis and related conditions. This
effect could be averted by using a different blood collection tech-
nique, and possibly by refining the submandibular vein bleed

technique. Notably, some investigators use a needle instead of a
lancet to puncture the submandibular vein, and this could possi-
bly minimize the elevation in CK but we have not tested this.
We expect that this effect could also be avoided by measuring
specific CK isoforms for certain applications (e.g., MM-muscle,
MB-heart, BB-brain damage). Notably, the MB-heart isoform is
used to measure myocardial injury in sepsis while the MM-
skeletal muscle isoform defines rhabdomyolysis which also oc-
curs during sepsis (5-7).

Regarding animal welfare, the mice tolerated both procedures
well, with little signs of discomfort. No eye damage was observed
with retro-orbital bleeds. A few mice bled from the ear after sub-
mandibular vein bleeds during our initial attempts at his proce-
dure (an expected adverse effect for this bleed technique). We
found that blood flow was easier to control with the retro-orbital
method in comparison to the submandibular vein bleed method,
minimizing blood loss. Notably, our team is highly experienced
at the retro-orbital bleed technique; however, these findings were
similar for our newer and more experienced lab members. To fur-
ther reduce any harmful effects of repeated retro-orbital bleeds,
one could reduce the number of blood samples collected per mouse,
and this will also reduce the total blood loss. Furthermore, adminis-
tration of fluids such as lactated ringer’s solution postop can help to
mitigate the effects of blood loss. Limitations of this study are that
the data were generated from a single lab in only one mouse strain,
and we have not performed histological analysis to confirm muscle
damage from the lancet puncture, or to examine potential damage to
the retro-orbital plexus from the retro-orbital bleeds.

In conclusion, retro-orbital blood collection may present some
advantages over submandibular blood collection, depending on
the research application and the experience level of the research
team.
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