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Abstract
The contribution of the adaptive and innate immune systems to the pathogenesis and outcome of
sepsis remains a fundamental yet controversial question. Here, we use mice lacking the
recombination activating gene-1 (Rag-1) to study the role of T and B cells in sepsis after cecal
ligation and puncture (CLP). Spleens of Rag-1−/− mice were atrophic and completely devoid of
CD3+ T cells and CD19+ B cells. Wildtype mice and Rag-1−/− mice (both on a C57BL/6J
background) underwent CLP or sham surgery. Both wildtype and Rag-1−/− mice developed
clinical signs of sepsis within the first day after CLP. This included severe hypothermia as
measured by a decrease in body surface temperature and organ dysfunction as detected by plasma
increases in BUN and LDH levels. Survival curves of wildtype and Rag-1−/− mice after CLP were
superimposable, with 35% survival in the wildtype group and 27% survival in the Rag-1−/− group,
respectively (not significant, P=0.875). Using multiplex bead-based assays, the mediator
concentrations for 23 cytokines and chemokines were measured in plasma of wildtype and
Rag-1−/− mice 8 h after CLP or sham surgery. Compared to sham surgery mice, the highest
mediator levels were observed for G-CSF, KC, IL-6, MCP-1 and IL-10. Levels for most mediators
were unaffected by the absence of T and B lymphocytes. Only the concentrations of IL-6 and
IL-17 were found to be significantly lower in Rag-1−/− mice compared to wildtype mice. In
conclusion, the absence of T and B cells in the CLP model employed does not appear to affect the
acute outcome of severe sepsis.
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INTRODUCTION
The annual incidence of severe sepsis has dramatically increased over the past decades. In
the United States there are estimated 600,000–750,000 cases of sepsis per year, resulting in
~250,000 annual deaths. (1,2). Despite tremendous scientific efforts, the pathophysiology of
sepsis and subsequent multi-organ failure remains poorly understood (3). The roles of innate
and adaptive immune responses are controversial in the setting of sepsis. It has been widely
speculated that engagement of the immune system contains invading pathogens, but may
also contribute to tissue damage. Since both hyperactivation but also anergy of immune cells
seem to occur during the course of sepsis (4,5), it remains unclear what the most beneficial
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nature of an immune response during sepsis should look like. Many humoral and cellular
components of the innate immune system, including cytokines, the complement system,
neutrophils and antigen presenting cells, have been implicated in the pathogenesis of sepsis
(6). The role of adaptive immune cells, namely T and B lymphocytes, is even more complex.
It is undisputed, that the events of clonal selection and expansion of antigen specific T and B
cells require at least 2–5 days and that in experimental sepsis the majority of animals usually
succumb within this time frame. As the influence of antigen specific T and B cells may be
minor for the acute events during sepsis, lymphocytes are also capable of responding to
bacterial products such as endotoxin via Toll-like-receptors and express different classes of
cytokine receptors to respond to the ‘cytokine storm’ (7,8). An import chain of observations
has established the importance of lymphocyte apoptosis during sepsis (9,10). Interestingly,
apoptosis occurring in lymphoid and non-lymphoid organs after cecal ligation and puncture
(CLP) is largely independent of endotoxin and TNFα (11). The genetic engineering of mice
to knockout the recombination activation genes (Rag-1, Rag-2) has produced strains that do
not possess mature T and B cells (12). During experimental sepsis in Rag-1−/− mice, these
mice have similar degrees of apoptosis of parenchymal cells, suggesting that T and B cells
are not necessary for apoptosis to occur and that apoptotic cell death is not restricted to
lymphocytes after CLP (13). This finding might not apply to the intestinal tract, where
apoptosis of the gut epithelium was found 5-fold augmented in septic Rag-1−/− mice (14).
Furthermore, in a model of colon ascendens stent peritonitis, Rag-1−/− mice have been
described as having a survival disadvantage (15). Studies on subsets of lymphocytes imply
that CD4+ T cells may confer anti-apoptotic effects that are protective for sepsis survival
(14). Additionally, we have recently shown that γδ T cells are an important source of
IL-17A during sepsis and that neutralization of IL-17A improves survival in this setting
(16). To further elucidate the role of lymphocytes in sepsis, we have investigated survival
and mediator release in Rag-1−/− mice using the CLP model.

MATERIALS AND METHODS
Animals

All procedures were performed in accordance with the National Institutes of Health
guidelines and the University Committee on Use and Care of Animals (UCUCA), University
of Michigan. Male mice of the strains C57BL/6J (wildtype) and B6.129S7-Rag1tm1Mom/J
(Rag-1−/−, on a C57BL/6J background) were purchased from the Jackson Laboratories (Bar
Harbor, USA) at 8–10 weeks of age. All animals were housed under specific pathogen free
conditions.

Cecal ligation and puncture
Mice were anaesthetized by intra-peritoneal injection of a mixture of Ketamine (100 mg/kg
bodyweight, Fort Dodge Animal Health, USA) and Xylazine (8 mg/kg bodyweight, Akorn
Inc., USA) in PBS. After disinfection of the skin with 70% ethanol, a small midline
abdominal incision (1 cm) was performed with a sterile surgical blade. The peritoneum was
opened with surgical scissors and the cecum located and exteriorized. Ligation of 5–7 mm
cecum resulted in survival rates of 20–40%. For the ligation of the cecum we used black
braided silk 4-0 (Henry Schein Inc., USA) and a through-and-through puncture was
performed with a 21 Gauge needle (Becton Dickinson, USA). Patency of the puncture site
was achieved by extrusion of a small amount of intestinal content (1 mm). Next, the cecum
was carefully repositioned into the peritoneal cavity. The peritoneal and skin layers of the
wound were closed with 3–4 simple interrupted stitches using coated braided silk 6-0 (Tyco
Healthcare, USA). Sham-OP animals underwent anesthesia, laparotomy and exteriorization
of the cecum as described above, but without ligation and puncture. For fluid resuscitation,
all mice received 1 ml sterile NaCl 0.9% subcutaneously directly at the end of the surgery
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and again on the first postoperative day. Survival was monitored at least every 12 h for 7
days after surgery. The body surface temperature was measured over the lower left quadrant
of the abdomen with an YSI 4600 scientific thermometer and YSI 427 small surface probe.
For collection of plasma, the mice were deeply anaesthetized by isoflurane inhalation
(Minrad Inc., USA). Blood was collected from the retro-orbital sinus using EDTA (5–10
mM) as an anticoagulant and plasma separated by centrifugation (2000g, 10 min, 4°C).
Samples were stored at −80°C until further analysis. Spleen organ weight was measured on
a Mettler AE 100 digital gram scale.

Clinical Chemistry
Plasma samples were analyzed on an Idexx VetTest 8008 Chemistry Analyzer (Diamond
Diagnostics, USA). Normal reference ranges were: creatinine (0.2–0.8 mg/dL), BUN (18–29
mg/dL), ALT (28–132 U/L), AST (59–247 U/L) and LDH (1105–3993 U/L). All plasma
samples were obtained 8 h after onset of CLP or after sham surgery.

Photography
Digital images of spleens were acquired with a Cyber-shot DSC-W350 digital camera (Sony
Inc., USA) and edited in Adobe Photoshop CS2, Version 9.0.

Measurement of mediator concentrations by Luminex and ELISA
For simultaneous detection of 23 mouse cytokines and chemokines, we used the BioPlex
Pro™ mouse cytokine assay, 96-well, 23-Plex Group I (BioRad, USA). The analytes were:
IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12(p40), IL-12(p70), IL-17,
Eotaxin (CCL11), G-CSF, GM-CSF, IFN-γ, KC (CXCL1), MCP-1 (CCL2), MIP-1α
(CCL3), MIP-1β (CCL4), RANTES (CCL5) and TNF-α. The EDTA-plasma samples were
diluted 10-fold in sample diluent (BioRad). The assay was performed according to the
instructions of the manufacturer. For the washing steps, we used an Aurum™ vacuum
manifold (BioRad). Samples were analyzed on the Luminex xMAP™/Bioplex-200 System
with BioPlex Manager™ Software 5.0. Results for IL-10, G-CSF and KC were confirmed
using ELISA kits from R&D systems according to the instructions of the manufacturer.

Flow Cytometry of Splenocytes
Mice were euthanized by CO2 inhalation and spleens removed in sterile working technique.
The spleens were placed into cell strainers (100 μm, BD Falcon, USA) and mashed into a 50
ml tube using the plunger end of a sterile 10 ml syringe. The cell strainer was rinsed with 10
ml medium (RPMI 1640 containing 0.1% BSA, 100 U/ml Penicillin-Streptomycin, 25 mM
HEPES). After filtering the cell suspension through a 40μm cell strainer, cells were counted
in a hemocytometer (Hausser Scientific, USA). After centrifugation (500g, 5 min, 4°C) the
cells were resuspended in blocking solution (PBS, 1% normal mouse serum, 0.1% sodium
azide) supplemented with Fc Block™ (BD Biosciences). The cells were distributed in 96-
well v-bottom plates (Corning, USA) at a concentration of 1 million cells in 100μl per well.
Fluorescent antibodies were added at the concentration recommended by the manufacturers
followed by incubation for 30 min. All antibodies used were anti-mouse together with
matched fluorochrome labeled isotype controls. PerCP-Cy5.5 CD3e (clone 145-2C11),
efluor450 CD45 (clone 30-F11), PE CD19 (clone eBio1D3) and isotype controls were
purchased from eBioscience, USA. After 2 washing steps the cells were fixated with 2%
formaldehyde solution. A minimum of 50,000 events were acquired on a BD LSR II flow
cytometer (BD Biosciences, USA) and data were analyzed with the WinList for Win32 3.0
Software (Verity Software Inc., USA).
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Statistical analysis
The GraphPad Prism Version 5.01 software was used for figure preparation and statistical
analysis. All values are expressed as mean and error bars represent s.e.m. Data sets were
analyzed by one-way ANOVA or Student’s t-test. Survival curves were analyzed by the log-
rank (Mantel-Cox) and Gehan-Breslow-Wilcoxon tests. We considered differences
significant when P < 0.05.

RESULTS
Deficiency of CD19+ B cells and CD3+ T cells in Rag-1−/− mice

Rag-1−/− mice displayed distinct phenotypic abnormalities when compared to C57BL/6J
(wildtype) mice. Specifically, the Rag-1−/− strain showed a reduction in spleen size (Fig.
1A). In wildtype mice the average spleen weight was 84 mg, which was reduced 2.7-fold in
Rag-1−/− mice, with an average spleen weight of only 31 mg (Fig. 1B). On a cellular level
the abnormalities of the spleen were reflected by the absence of mature B and T cells (Fig.
1C). CD19 was used as a surface marker that is present on all cells of the B cell lineage
except mature plasma cells. In populations of splenocytes from untreated normal wildtype
mice there were 43.6% CD19+ cells and in spleens from Rag-1−/− mice 0.8%, respectively.
As a surrogate marker for T cells, we used CD3 expression. The frequency of CD3+ cells
was 15.2% in wildtype and 2.5% in populations of splenocytes from Rag-1−/− mice (Fig.
1C, lower panel).

Clinical outcome of Rag-1−/− mice and C57BL/6J mice after CLP
Wildtype mice (C57BL/6J, n=14) and Rag-1−/− mice (n=15) underwent cecal ligation and
puncture (CLP) for the induction of polymicrobial sepsis/septic peritonitis. A third group of
mice (wildtype, n=3) was subjected to sham surgery, defined as anesthesia with laparotomy
without cecal ligation and puncture. All animals were monitored for hypothermia and
survival. Hypothermia has been evaluated before by others as an endpoint for CLP and
possibly early predictor of morbidity and subsequent death (17). Body surface temperature
of all animals was recorded at 8 h after CLP (Fig. 2A). In the sham surgery group the
average body surface temperature was 36.7°C (reference range: 36.0–37.0°C), failing to
show signs of postoperative hypothermia after the surgical procedure. However, both
wildtype mice (31.0°C) and Rag-1−/− mice (32.5°C) displayed a significant decrease in
average body surface temperature after CLP compared to the sham surgery group. There
was also statistical significance comparing the temperatures of wildtype to Rag-1−/− mice
after CLP. The CLP Rag-1−/− mice were slightly less hypothermic than the wildtype mice.

In addition to hypothermia, mice in both groups after CLP developed progressive clinical
signs of sepsis, such as tachypnea, periorbital exudates, lethargy and huddling. Survival
rates are shown in Fig. 2B. The death of most animals occurred between day 2 and day 4
after surgery. In total, 5 out of 14 mice of the wildtype strain survived and fully recovered
from clinical signs of disease until 8 days after surgery. In the group of the Rag-1−/− strain,
4 out of 15 mice survived. Essentially, survival curves of Rag-1−/− and wildtype mice were
superimposable (P=0.875).

Evaluation of organ dysfunction after CLP
To characterize the pathophysiologic changes in organ function, we analyzed several clinical
chemistry parameters after CLP or sham surgery (Table 1). Plasma samples were obtained 8
h after CLP or sham surgery. After CLP, there were moderate but not yet significant
increases in the levels for the transaminases, ALT and AST. Mice in both the wildtype and
Rag-1−/− group displayed signs of azotemia with a 2.5–3-fold increase in BUN levels. In the
wildtype group this correlated with a declining glomerular filtration rate (GFR) as shown by
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a rise of creatinine levels. In the Rag-1−/− mice, creatinine levels remained in the normal
range at the time point studied. LDH as a surrogate marker for cellular disintegrity and
organ damage rose more than 6-fold in wildtype as well as Rag-1−/− mice. Noteworthy,
LDH levels remained within the normal range after sham surgery.

Levels of chemokines in wildtype and Rag-1−/− mice after CLP
We simultaneously measured the levels of different chemokines after sham surgery or CLP
using a bead-based multiplex assay. As shown in Fig. 3 levels of all mediators (eotaxin, KC,
MCP-1, MIP-1α, MIP-1β and RANTES) were detectable in low concentrations in mice after
sham surgery. Not surprisingly, levels for all chemokines dramatically increased in mice
following CLP. These findings were similar in wildtype as well as Rag-1−/− mice after CLP.
By far, the highest absolute levels of a chemokine were detected for KC, which averaged 2.2
ng/ml after sham surgery and 279 ng/ml in wildtype mice after CLP and 177 ng/ml in
Rag-1−/− mice after CLP. In wildtype mice, this represented a 125-fold increase compared
to sham surgery. At the 8 h time point studied, the lowest mediator levels were detected for
RANTES, with an average of 220 pg/ml in wildtype mice and 316 pg/ml in Rag-1−/− mice
after CLP. The absolute concentrations of RANTES were about 1000-fold lower than levels
for KC. Most notably, the elevated levels for eotaxin, KC, MCP-1, MIP-1α, MIP-1β and
RANTES after CLP were all not significantly different between wildtype and Rag-1−/−

mice.

Levels of cytokines in wildtype and Rag-1−/− mice after CLP
In addition to the aforementioned data, we characterized the levels of 17 cytokines in
wildtype mice after sham surgery, CLP and Rag-1−/− mice 8 h after CLP (Fig. 4). We
selected the 8 h time point based on our studies that show that most mediators reach a peak
at 8 h when high grade CLP is employed (data not shown). Most mediators were found to be
more abundant in plasma in the setting of CLP, when compared to sham-operated mice.
Surprisingly, plasma levels of IL-5 were diminished about 50% from levels of 200 pg/ml
after sham surgery, falling to approximately 100 pg/ml in wildtype and Rag-1−/− after CLP.
For IL-9, plasma levels did not change after CLP. The levels of GM-CSF and Interferon-γ
levels were only moderately elevated in septic mice. The cytokines IL-2, IL-3 and IL-4,
although induced after CLP, were present in low quantities (<100 pg/ml), with virtually no
differences in plasma samples from wildtype and Rag-1−/− mice. The most abundant
mediator to be found was G-CSF. After sham surgery mean G-CSF levels were elevated
from 2.3 ng/ml to 2150 ng/ml after CLP in wildtype mice. This meant a more than 900-fold
increase in the G-CSF levels for the septic wildtype mice. Very high mediator levels were
also detected for IL-6 (86 ng/ml) and IL-10 (16 ng/ml) after CLP. Interestingly, IL-6 levels
in Rag-1−/− mice were only 34% of levels in wildtype mice after CLP. A trend of lower
IL-10 levels in the Rag-1−/− group did not quite reach statistical significance. However,
Rag-1−/− mice displayed a significant 50% reduction in the values for IL-17. Overall, 14 out
of the 17 cytokines were present in virtually indistinguishable levels in the wildtype and
Rag-1−/− group after CLP.

DISCUSSION
T and B cells are the essential cellular components of adaptive immunity. The aim of the
current study was to investigate the role of these cells in polymicrobial sepsis after CLP. The
phenotyping of the Rag-1−/− mice used in our experiments confirmed atrophy of the spleen
due to the virtual absence of CD3+ T cells and CD19+ B cells. These and similar findings
have been established by other investigators before (12,18,19). After CLP clinical chemistry
analytes, namely transaminases, BUN, creatinine and LDH levels increased in comparison
to the animals with sham surgery. Although the rise in transaminases was not significant at
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the 8 h time point studied, it can be assumed that progressive liver failure develops in later
stages of polymicrobial sepsis. Rag-1−/− mice maintained lower creatinine levels, which
may suggest that decline of glomerular filtration rate (GFR) and loss of renal function is
delayed in the absence of T and B cells. It should be noted, that creatinine levels closely
correlate with GFR in a steady state situation, which most likely does not exist during the
early phases of sepsis. Mice undergoing CLP rapidly developed clinical signs of septic
shock, including severe hypothermia, with only moderate differences between wildtype and
Rag-1−/− mice. Most importantly, survival curves were strikingly similar in the genetic
absence of T and B cells, employing a severe technique in the CLP model, typically
resulting in 60–80% mortality rates (20). This finding is consistent with another report, that
Rag-1−/− mice after CLP did not die prematurely and displayed no apparent observable
differences in severity of illness during sepsis, although in this study mice were only
monitored for 24h after CLP (13). The comparable survival patterns of C57BL/6J and
Rag-1−/− mice are consistent with our results obtained for the characterization of the
‘cytokine storm’ in both strains. The levels for most mediators were unaffected in the case
of T and B cell deficiency, when compared to CLP wildtype mice. Only the concentrations
of IL-6 and IL-17 were markedly reduced in the Rag-1−/− strain. This is consistent with the
idea that T cells are a major source for IL-17, and we have recently shown that γδ T cells
appear to be the source of IL-17A in the setting of CLP (16). However, cellular sources
other than T cells exist for IL-17. For example, in the endotoxemia model, macrophages
might be more important as early producers of IL-17A (Bosmann and Ward, unpublished
findings). Reduced levels of the proinflammatory mediator IL-6 and IL-17 in Rag-1−/− mice
may be counterbalanced by a concomitant trend towards reduced levels of the anti-
inflammatory cytokine IL-10. In both wildtype and Rag-1−/− mice the levels for G-CSF
were extraordinary high, suggesting that this mediator may be involved in the physiological
responses to CLP. G-CSF has long been known to activate neutrophils and promote
granulopoiesis in the bone marrow as well as neutrophilia in the peripheral blood. This
effect is routinely employed using G-CSF administration to hemato-oncologic patients with
chemotherapy induced neutropenia, who are very prone to develop infectious complications
and subsequent sepsis. During sepsis, the influx of innate immune cells to the site of
infection is orchestrated by chemokines such as KC (IL-8 in humans), MIP-1α and MIP-1β
to direct the migration of neutrophils and MCP-1 for chemoattraction of macrophages/
dendritic cells. We found all these mediators to be released in high concentrations after CLP,
this being independent of the presence of T and B cells. On the other hand, RANTES, which
is a major chemokine to attract T cells, was present in 1000-fold lower quantities after CLP.

In contrast to our findings, other studies have reported a higher mortality of Rag-1−/− mice
in experimental sepsis (15,21). One report used a model of colon ascendens stent peritonitis
(CASP) instead of CLP. Notably, the mortality after the CASP procedure occurred within 1–
2 days, which is much more rapid than in the CLP model. The authors of that study
performed intra-peritoneal fluid resuscitation during the CASP procedure, which may
accelerate spreading of fecal bacteria. Rag-1−/− mice may also be more susceptible to
polymicrobial sepsis than wildtype mice, when a two-step model of burn injury followed 10
days later by CLP is used (22). In an earlier report, Rag-1−/− mice after CLP had a survival
of only 5% compared to 45% in the control group (C57B46 mice). In comparison to our
experimental design, that group had used antibiotics (metronidazole, ceftriaxone), leading to
mortality occurring at later time points (3–4 days) after surgery and likely involving a more
prolonged hyperinflammatory phase (21). Apparently contradictory results in the CLP
model may be related to the wide variability of this model with survival outcome dependent
on severity of the surgery and the regimen for post-surgical use of antibiotics and fluid
resuscitation (23,24). In addition, age and sex of mice must be carefully matched for
comparing the survival after CLP and inbred strain background effects may further
complicate the interpretation of results (25,26).
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It is undisputed that lymphocytes participate in the complex immune response during the
course of sepsis. We speculate that, with the complete absence of T and B cells, the potential
favorable and detrimental properties of these cells in polymicrobial sepsis are being
counterbalanced. T and B cells are very heterogeneous cell populations. It may well be that
approaches specifically addressing the role of lymphocyte subsets such as CD4+, CD8+, αβ
T, γδ T, Treg cells and B cells come to diverse conclusions (14, 27). For example, CD4 cell
deficient mice displayed reduced survival rates after CLP when compared to CD8 cell
deficient mice, although differences between CD4 deficient mice and wildtype mice were
only significant 30 h after CLP and not after 192 h (27). The extensive apoptosis of
lymphocytes and non-lymphocytic cells during sepsis has been intensively investigated (28–
31). Furthermore, lymphocytes possibly come into play for the later phases of sepsis,
especially the stages of recovery from acute disease. Indeed, it will be interesting to further
elucidate to what extent the apoptotic loss of lymphocytes, including memory T and B cells,
has long term effects with respect to immune suppression occurring after survival of sepsis
(32,33). Recent studies also indicate that immune suppression following sepsis appears to
involve Treg cells (34,35). Furthermore, experimental evidence supports the idea that
individuals after sepsis are at a higher risk not only for a recurrent infectious episode but
also possibly neoplasms (36). It remains to be seen if these and future findings on the role of
lymphocytes during sepsis will lead to new treatment options for this disease and the means
to prevent secondary complications such as recurrent infections or tumor growth.
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FIGURE 1.
Phenotypic characteristics of Rag-1−/− mice. (A) Photograph of spleens from a normal
untreated C57BL/6J (wildtype) mouse (left) and from a Rag-1−/− mouse (right). (B) Spleen
total organ weight from Rag-1−/− mice (n=6) compared to wildtype mice (n=8). (C)
Flowcytometric analysis of splenocytes from untreated Rag-1−/− and wildtype mice. Cells
were stained for the common leucocyte antigen CD45 and either CD19 for B cells (upper
panel) or CD3 for T cells (lower panel). Error bars represent ±SEM and ***P < 0.001,
student’s t-test.
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FIGURE 2.
Survival of Rag-1−/− mice after cecal ligation and puncture. (A) Body surface temperature
of wildtype mice after Sham-OP (n=3), CLP (n=6) and Rag-1−/− mice (n=6) after CLP, 8h.
(B) Survival of wildtype mice (n=14) and Rag1−/− mice (n=15) was monitored for 7 days
after CLP surgery. Error bars represent ±SEM and **P < 0.01, ***P < 0.001, student’s t-
test.
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FIGURE 3.
Characterization of chemokine levels after cecal ligation and puncture. C57BL/6J (wildtype)
mice underwent either sham surgery (Sham-OP, n=4) or CLP (n=6). Rag-1−/− mice (n=6)
underwent CLP and plasma from all 3 groups was collected after 8 h. Chemokines were
simultaneously detected with a bead-based assay. *P < 0.05 vs. Sham-OP. P-values of
C57BL/6J-CLP vs. Rag-1−/−-CLP were not significantly different for all analytes shown.
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FIGURE 4.
Characterization of cytokine levels after cecal ligation and puncture. C57BL/6J (wildtype)
mice underwent either sham surgery (Sham-OP, n=4) or CLP (n=6). Rag-1−/− mice (n=6)
underwent CLP and plasma from all 3 groups was collected after 8 h. Mediators were
simultaneously detected with a bead-based assay. *P < 0.05 vs. Sham-OP, #P < 0.05 C57BL/
6J-CLP vs. Rag-1−/−-CLP.

Bosmann et al. Page 13

Shock. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bosmann et al. Page 14

TABLE 1

Serum Markers

Sham-OP CLP

C57BL/6J C57BL/6J RAG-1−/−

ALT (U/L) 92.5 ± 16.5 158.0 ± 31.4 130.7 ± 20.0

AST (U/L) 197.5 ± 37.5 420.3 ± 92.9 328.0 ± 69.5

BUN (mg/dL) 18.0 ± 1.0 62.7 ± 5.0** 50.3 ± 2.9**

Crea (mg/dL) 0.25 ± 0.05 0.46 ± 0.03* 0.23 ± 0.03††

LDH (U/L) 951 ± 526 6410 ± 1252* 6604 ± 1247*

Samples were obtained 8 h after onset of CLP or after sham surgery. Data are shown as mean ± SEM.

*
P < 0.05 vs. Sham-OP

**
P < 0.01 vs. Sham-OP

††
P <0.01 C57BL/6J (CLP) vs. RAG-1−/− (CLP)

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase;

BUN, blood urea nitrogen; Crea, creatinine; LDH, lactate dehydrogenase
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