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Introduction
Numerous clinical studies have evaluated the effects of beta blockade in cardiac, general,
vascular and trauma surgery subpopulations with varying results. Lindenauer et al. (1)
recently showed that the use of perioperative beta-blocker therapy is associated with a
reduced risk of in-hospital death among high-risk patients undergoing major noncardiac
surgery but was of no benefit in low-risk patients. This retrospective database analysis does
not specify the type of beta blocker or the effectiveness of dosing but draws their conclusion
on the basis of timing of beta blockade administration. The Metoprolol after Vascular
Surgery trial was a prospective, double blind randomized control trial studying the effects of
metoprolol (selective B1 blocker) on cardiac risk in patients undergoing abdominal aortic
surgery or major lower extremity revascularization operations. Yang et al. (2) showed that
metoprolol was not effective in reducing either 30 day or 6 month postoperative cardiac
events in vascular patients. In a retrospective study of trauma patients, Arbabi et al. (3),
found that the use of beta blockade before or after injury was associated with decreased
mortality. This retrospective study in trauma patients does not specify the type of beta
blockade used, however, they advocate the benefits of the drug being its cardioprotective
effects, decreased myocardial oxygen demands, and decreased cerebral oxygen requirements
in head injury (3). A decrease in heart rate (HR) has been shown to be cardioprotective after
myocardial infarction and may also be beneficial after a severe traumatic injury and it
associated systemic inflammatory response.

A significant increase in catecholamines secondary to the stress response to injury has been
shown to be associated with bone marrow (BM) dysfunction (4). This BM dysfunction is
prolonged and lasts for up to 14 days after injury and manifests clinically as increased
susceptibility to infection and persistent anemia (5, 6). The need for multiple transfusions
further contributes to the morbidity and mortality following their severe injuries (7, 8). The
post-injury hypercatecholamine state has been shown to suppress BM function in a dose-
dependent manner (9, 10). Previously we have demonstrated that the administration of non-
selective beta blockade with propranolol, both before and after injury, restored BM function
(11, 12). The BM protective effects of propranolol have been shown to be dose-dependent
(12).
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It remains unclear if the beneficial effects of non-selective beta blockade given after trauma
are via an overall cardiovascular protective effect or an immunomodulatory effect, or both.
Understanding the mechanism of beta blockade protection of BM is important to the
development of effective treatment modalities in the clinical setting. Thus, the aim of this
study is to more clearly define the role of the specific beta adrenergic receptors (B1, B2, B3)
in BM protection following trauma and hemorrhagic shock (HS) and to determine if a
cardiovascular effect is necessary for BM protection.

Methods
Animals

Male Sprague-Dawley rats (Charles River, Wilmington, MA) weighing 300-400g were
housed at 25°C under barrier-sustained conditions with 12 hour light/dark cycles. Animal
were provided ad lib access to water and chow (Teklad22/5 Rodent Diet W-8640; Harlan
Teklad, Madison, WI). The animal facility environment and animals were maintained in
accordance with the regulations detailed in the Guide for the Care and Use of Laboratory
Animals. The New Jersey Medical School Animal Care and Use Committee approved all
animal protocols.

Reagents
Bovine serum albumin (BSA), and 2-mercaptoethanol were purchased from Sigma-Aldrich
(St. Louis, MO). Methylcellulose was purchased from Stemcell Technologies (Vancouver,
Canada). Fetal bovine serum (FBS), Iscove’s Modified Dulbecco’s Medium (IMDM),
glutamine, penicillin/streptomycin, and trypan blue were obtained from Invitrogen
(Carlsbad, CA). All cytokines rhEpo, rhIL-3, rhGM-CSF were purchased from R&D
Systems (Minneapolis, MN). Sodium pentobarbital was purchased from Lundbeck Inc.
(Deerfield, IL) and heparin was obtained from Hospira Inc. (Lakefront, IL). Atenolol (B1B),
butoxamine (B2B), and SR59230A (B3B) were purchased from Sigma-Aldrich.

Experimental Groups
Animals were assigned to the following experimental groups. Control groups consisted of
unmanipulated controls (UC) or animals treated with B1B alone that did not undergo any
injury (B1B). B1B animals served as a control to assess the sustained cardiovascular effects
of B1B on a non-injured animal and were given either a 5mg/kg or 10mg/kg daily dose prior
to selecting a dose for the experimental groups. Experimental groups were defined as: lung
contusion followed by hemorrhagic shock (LCHS), lung contusion followed by hemorrhagic
shock and treatment with 5 mg/kg of either atenolol (LCHS/B1B), butoxamine (LCHS/B2B)
or SR59230A (LCHS/B3B).

The immediate effects of injury and drug treatment were assessed by giving a single dose of
selective beta blocker post-resuscitation after LCHS and sacrificing animals at 3 hours (3h).
The sustained effects of injury and HS and beta blockade therapy were assessed by a daily
dosing of selective beta blocker following LCHS and then sacrificing animals on 7 days
(7d).

Physiologic Monitoring
Invasive mean arterial pressure (MAP) and heart rate (HR) were obtained via femoral
arterial lines that were connected to a continuous blood pressure monitoring device (BP-2
Digital Blood Pressure Monitor; Columbus Instruments; Columbus, Ohio) before, during,
and after hemorrhagic shock for up to 3 hours.
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Non-invasive MAP and HR measurements were obtained using the CODA noninvasive tail-
cuff acquisition system (Kent Scientific Corporation, Torrington, CT) at three time points
(initial, day 1, day 7) to determine the effects of selective beta blockade during the study
period.

Combined Lung Contusion and Hemorrhagic Shock Model
Experimental animals were anesthetized with IP injections of sodium pentobarbital (50 mg/
kg). Unilateral lung contusion (LC) was inflicted using a blast wave percussive nail gun
(Craftsman 968514 Stapler, Sears Brands Chicago, IL) applied to a 12mm metal plate
adherent to the right axilla of the rat. This LC model has been shown to produce a clinically
significant lung injury as demonstrated by histology and radiography (13). Using aseptic
surgical technique, the right internal jugular vein and femoral artery were then cannulated
with polyethylene (PE-50; Becton Dickinson and Co., Sparks, MD) and Silastic (Dow
Corning Corp., Midland, MI) tubing, respectively. To prevent clotting, all tubing was
flushed with 10 units/ml of heparinized saline. The femoral artery tubing was then
connected to a continuous blood pressure monitoring device for measurement of mean
arterial pressure (MAP) and heart rate (HR). Animals were bled to a MAP of 30-35mmHg
for 45 minutes. Temperature was maintained at approximately 37 oC with the use of an
electric heating pad under the surgical platform. Shed blood was re-infused at a rate of 1ml/
min following the shock period. Selective beta-blockade was administered post resuscitation
(when MAP > 80mmHg) via intraperitoneal (IP) injection.

Bone Marrow Cellularity
BM cells were obtained by removing the femoral epiphysis post-mortem and aspirating the
bone marrow with an 18 gauge needle on a 5cc syringe filled with of 1mL IMDM
supplemented with 10% FBS. A suspension was prepared by passing cells through a 40μm
sterile nylon strainer to remove particulate matter. Total viable cell counts were then
determined by 0.4% Trypan blue staining using a hemocytometer.

Bone Marrow Progenitor Cell Cultures
Colony-forming unit-granulocyte-, erythrocyte-, monocyte-, megakaryocyte (CFU-GEMM)
were used to assess the effects of LCHS on earlier progenitor cells. To specifically explore
the effects on the erythroid cell lines, burst-forming unit-erythroid (BFU-E) and colony-
forming unit-erythroid (CFU-E) were assessed. The normal differentiation of these
progenitor cells is as follows: CFU-GEMM →BFU-E→ CFU-E→ erythrocytes (14).

Based on the cellularity, a stock solution of BM mononuclear cells was prepared to yield a
concentration of 1×106 cells/mL of IMDM. From this solution cultures were prepared in
duplicate by removing 1.5×105 cells and plating them in IMDM containing 30% FBS, 2%
BSA, 1% methylcellulose, rat growth factor, penicillin/streptomycin, 2×10−4 mol/L 2-
mercaptoethanol, and glutamine. Plates were further supplemented with either, 1.3 U/mL
rhEpo and 6U/mL rhIL-3 for BFU-E/CFU-E, or 3U/mL rhGM-CSF for CFU-GEMM.
Cultures were incubated at 37°C in 5% CO2. CFU-E colonies were counted at day 7, BFU-E
colonies at day 14, and CFU-GEMM colonies at day 17 by an observer blinded to the origin
of the samples.

Hemoglobin Measurements
Hemoglobin (Hb) was measured in all 7d animals. Peripheral blood was obtained by via
cardiac puncture using a 10-mL heparinized syringe. Three hundred microliters aliquots
were then sampled and analyzed within 10 minutes of collection using a Coulter Hmx
Hematology Analyzer (Beckman Coulter; Brea, CA). Samples were run in duplicate.
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Statistical Analysis
All data are expressed as mean ± SEM. Statistical analyses were performed using one-way
analysis of variance (ANOVA) followed by Tukey-Kramer’s multiple comparison post-test
with GraphPad Prism (Version 4.0, San Diego, CA). Results were considered significant if
*p <0.05 vs. UC or **p <0.05 vs. LCHS.

Results
Control Testing

The average normal UC HR rate in a sedated animal measured by invasive monitoring was
approximately 344±27 beats per minute (bpm). The average UC HR range in an awake
animal measured by non-invasive means was 370-400 bpm. In the non-injury model, to
determine effective cardiac protection dosing of the B1B, dose response testing was
performed. There was a decrease in HR over the course of 7 days by 12% with B1B at both
5mg (394±19 to 343±15) and 10mg (387±21 to 340±18) (Figure 1).

In a non-injury model, animals treated with B1B alone for seven days at either 5mg or 10mg
had no effect on BM cellularity as compared to UC (239±15 and 211±4 vs. 225±7).
Similarly, there was no change in growth of BM CFU-GEMM, BFU-E and CFU-E with the
use of B1B at either 5mg or 10mg as compared to UC (37± 1, 67± 1, 76± 1 and 34±1, 66±1,
74±1 respectively vs. 35±1, 66±2, and 75±1). In the non-injured animals treated with B1B
alone at both 5 and 10mg, Hb values were equivalent to UC levels (14.0±0.9 and 14.1±0.5
vs. 13.8±0.8).

Physiologic Monitoring
Three hours following LCHS, the HR is much lower as compared to UC (261±46 vs.
344±27). Immediate treatment with a B1B after LCHS caused a further significant decrease
in heart rate at 3h compared to LCHS alone (170±38** vs. 261±46, **p<0.05)(Figure 2).
There is no statistically significant decrease in HR when either B2B or B3B was given 3h
after LCHS (Figure 2).

In an LCHS injury model, over 7 days there was no change in HR in LCHS animals
(372±17 to 378±15) or those treated with B2B(396±9 to 386±11) or B3B(370±26 to
405±17) after LCHS. However, though not statistically significant, there was a clear 10%
decrease in HR in LCHS animals given 10mg/kg/day of B1B (379±10 to 348±13) (Figure
3). The decrease in HR in LCHS animals given 5mg/kg/day was less than 10% (data not
shown), therefore, 10 mg/kg/day was used as the treatment dose for LCHS/B1B group.

The average normal UC MAP in a sedated animal measured by invasive monitoring was
approximately 90±7mm Hg. The average UC MAP in an awake animal measured by non-
invasive means was 98±8mm Hg. There were no statistically significant differences noted
in mean arterial pressure (MAP) for any control or experimental group following LCHS at
either three hours or seven days (data not shown).

Short Term Effects of Selective Beta Blockade
Within 3 hours of injury, LCHS resulted in a statistically significant decrease in overall BM
cellularity of 45% from UC levels (122±6* vs. 220±7, *p<0.05) (Figure 4). Treatment with
a B2B after LCHS prevented the decrease in BM cellularity and restored BM cellularity to
within 10% of UC values (198±9 vs. 220±7) (Figure 4). Similarly, treatment with a B3B
after LCHS restored cellularity to within 7% of UC values. Treatment with a B1B after
LCHS had no effect on BM cellularity compared to LCHS alone (124±10 vs. 122±6)
(Figure 4).
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LCHS caused nearly a 60% decrease in all BM HPC colony growth, including CFU-
GEMM, BFU-E, and CFU-E, compared to UC at 3h (12±1*,26±1*,31±1* vs. 36±1,65±1,
73±1 *p<0.05)(Figure 5A-C). Both B2B and B3B given after LCHS prevented all HPC
colony growth suppression as compared to LCHS alone (Figure 5A-C). The use of B2B
recovered BM HPC growth to within 15-18% of UC levels for CFU-GEMM, BFU-E, and
CFU-E (31±2, 53±2, 61±3 vs. 36±1, 65±1, and 73±1). Similarly, treatment with a B3B after
LCHS restored colony growth to within 11-15% of UC levels for the CFU-GEMM, BFU-E,
and CFU-E (32±2, 55±1, 65±2 vs. 36±1, 65±1, and 73±1). Treatment with a B1B after
LCHS had did not prevent HPC colony growth suppression (Figure 5A-C).

Long Term Effects of Selective Beta Blockade
After 7 days, LCHS BM cellularity had improved compared to the 3h time point, but
remained significantly lower than UC levels(190±3* vs. 225±7, *p<0.05)(Figure 6). Both
B2B and B3B restored BM cellularity to UC levels at 7d (210±10 and 221±4 vs. 225±7).
The cellularity of both LCHS/B2B and LCHS/B3B was significantly greater than LCHS
alone at 7d (Figure 6). After 7 days of treatment, LCHS animals given B1B at 10mg still had
significantly less BM cellularity as compared to UC values(203±1.6* vs. 225±7, *p<0.05).

After 7 days, LCHS BM HPC growth for CFU-GEMM, BFU-E, and CFU-E remained
significantly less than UC (28±2*, 50±3*, 58±1* vs. 35±1, 66±2, 75±2*p<0.05) (Figure 7).
Treatment with either a B2B or a B3B for 7 days after LCHS improved CFU-E colony
growth and prevented persistent BM HPC growth suppression as compared to LCHS alone
(Figure 7). Similar trends were seen for the growth of CFU-GEMM and BFU-E,
representative data from CFU-E is shown in figure 7. The administration of 7 days of B1B
after LCHS had no effect on CFU-E colony growth and BM HPC colony growth remained
suppressed (Figure 7).

The Effect of Selective Beta Blockade on Hemoglobin
Hemoglobin (Hb) was used as an additional marker of hematopoietic function in the seven
day animals. LCHS alone decreased Hb levels approximately 1 gram from UC (13.1±0.9 vs.
13.8±0.8). Both B1B and B2B following LCHS did not change Hb levels and they were
similar to LCHS (13.0±0.5, 12.9±0.4 vs. 13.1±0.9). The animals receiving B3B following
LCHS had a significant increase in Hb as compared to LCHS (15.1±0.8** vs. 13.1±0.9,
**p<0.05) (Figure 8).

Discussion
The results of this study demonstrate a protection of the BM when B2B or B3B is given
after trauma and HS, and that this protection is early but also maintained over time with
daily use of either a B2B or B3B. The use of B1B after LCHS produced a 10% decrease in
HR but it was ineffective in protecting the BM either early or late. Thus despite a
cardiovascular effect, B1B does not offer any BM protection. These findings suggest the
beta blockade protection of the BM is not via a cardiovascular effect but rather via an
immunomodulatory effect involving the B2 and B3 receptors.

Our model examines the effects of severe tissue injury (LC), followed by systemic injury
(HS) and their combined effects on BM function. This combined model causes a significant
immediate BM suppression as measured by BM cellularity and BM HPC colony growth.
The suppression of BM cellularity and BM HPC colony growth after LCHS has been
demonstrated previously and is more severe than either LC or HS alone (15, 16). Seven days
following injury, BM cellularity and BM HPC colony growth improve slightly but remain
suppressed as compared to controls. In this study, Hb was used as an additional marker of

Pasupuleti et al. Page 5

Surgery. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



BM function and was shown to be decreased 1 g/dL from control values. These findings are
consistent with previous studies and suppression of Hb was demonstrated seven days after
LCHS previously (16).

The use of B2B or B3B alleviates the BM suppression caused by LCHS. The use of either
drug improves BM cellularity and BM HPC colony growth within hours after injury or over
time with continued administration. Previously, Beiermeister et al. (17), showed a similar
BM protection when B2B or B3B was given prior to injury in a LC model. With daily
pretreatment of B2B or B3B before LC, animals had improvement in BM HPC colony
growth (17). This study differs from ours in that it is single tissue injury model with no
shock and that the drugs were administered before injury. In contrast, our study is the first to
examine the effects of selective BB when given after trauma and HS. The current model is
more clinically relevant as it examines both severe local tissue injury and systemic injury
and it leads to a more severe suppression of BM HPC growth which is a more practical
comparison to the trauma population.

Hemoglobin was chosen as a marker of BM function to demonstrate that with preserved BM
function there is protection of hematopoietic function in peripheral blood. While both B2B
and B3B had similar protective effects on both BM cellularity and BM HPC growth, their
effects on Hb were different. B2B after LCHS had no effect on Hb level, whereas B3B
significantly increased Hb by 1g/dL as compared to LCHS alone. This seems to suggest that
while both B2 and B3 receptors play a role in BM regulation, they may do so in different
ways. Recent work by Mendez-Ferrer et al. (18) shows that these two receptors may be
regulating the BM by distinct mechanisms. The B3 receptor may downregulate Chemokine
CXC ligand 2 (CXCL2), while stimulation of B2 receptors induces clock gene expression
in stromal cells. Their study also demonstrated that under certain circumstances there may
be cooperation of B2 and B3 receptors and a double deficiency of B2 and B3 receptors
significantly decreased mobilization of HPCs to the peripheral blood (18). The B2 receptors
are known to be located in the heart, vascular smooth muscle, bronchial smooth muscle,
intestinal tract, liver, pancreas, and skeletal muscle and the B3 receptors are found primarily
on adipocytes and also intestinal smooth muscle (19). However, recent studies have
demonstrated the presence of both B2 and B3 receptors in the bone and bone marrow
environment. Osteoblasts have been found to express B2 receptors (20). B3 receptors are
found on stromal cells and regulate the circadian release of HPCs to the bloodstream (21). It
appears that it is the cooperation of the B2 and B3 receptors that provides BM protection
following LCHS.

While both B2B and B3B offered BM protection, the use of B1B after LCHS had no effect
on BM function. Measures of BM cellularity, BM HPC growth, and Hb in LCHS animals
given B1B were similar to LCHS alone across all time points. This lack of effect on BM
function was shown previously when B1B was given pre-injury in a LC alone model (17).
No recent studies have demonstrated the presence of B1 receptors in the BM or any BM
protective effect provided by treatment with B1B. The B1 receptors are found mainly in
cardiac and renal tissue and have a well-known cardioprotective effect when dosed
appropriately. Neither B2B nor B3B produced any observable cardiovascular effect. In
contrast, the use of B1B did have a clear effect on HR. Though cardiomyocytes express both
B1 and B2 receptors, B1 is the predominant subtype, accounting for 75-80% of B receptors
in cardiac muscle (22). Hakuno et al. (23) demonstrated in vitro that BM derived
cardiomyocytes had an increased spontaneous beating rate when stimulated by
isoproteronal, which was substantially decreased by 71% when a selective B1 blocker was
given, whereas there was only a 21% reduction in beating rate when a selective B2 blocker
was given. B1B did produce a 15% decrease in HR over seven days in non-injured animals
as opposed to only a 10% decrease in HR when given following LCHS at the same dose.
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This suggests that after LCHS, there are higher circulating catecholamines that trigger both
BM colony growth suppression and egress of HPCs from the BM. This finding is supported
by studies showing that norepinephrine causes a dose dependent suppression of BM HPC
growth (10). Beta blockade works by competitive inhibition of the beta adrenergic receptor
(24). Thus in the presence of such extreme levels of NE, seen after severe injury and shock,
a higher dose of B1B is needed to produce the same change in HR in a non-injured animal
with less circulating catecholamines. In addition, beta adrenergic receptors are down
regulated by the persistent stimulation from elevated catecholamines. This is the mechanism
seen clinically in chronic congestive heart failure, where the density of cardiac beta-
receptors is downregulated in response to the chronically elevated plasma catecholamine
levels (25). Despite dose and injury related effects of B1B there is no impact on BM
function. Thus, cardiac protection after trauma while it may be beneficial due to the
inflammatory state is not directly related to BM protection.

The results of this study may have some broader implications for the use of propranolol, a
non-selective beta blocker, in the clinical setting. A nonselective beta blocker would be
associated with a decreased mortality rate in the trauma population due to the cardiovascular
protection and/or decreased oxygen demands in these patients (3). As nosocomial infections,
persistent anemia, increased transfusions all contribute to worse outcomes in the critically
injured trauma population, the non-selective beta blocker could also provide BM and
immune protection. Using HR to titrate a non-selective beta blocker for a positive non-
cardiac effect has been done successfully in the burn population. Herndon et al. (27), have
titrated propranolol for a goal HR decrease of 20% in order to decrease hypermetabolism
and reverse muscle-protein catabolism in pediatric burn patients.

Recent work in our lab shows that non-selective BB after LCHS is both time and dose-
dependent and that the effective therapeutic window is three hours from the time of injury in
rats (12). This is similarly supported by the work of Krzyzaniak et al. (28) who
demonstrated vagal nerve stimulation following thermal injury in rats must be performed
within ninety minutes of injury to provide protection of the gut mucosal barrier. Though the
BM protective effect of beta blockade only requires the use of B2B or B3B, the use of these
drugs selectively may not be practical without any visible clinical parameters to assess
efficacy and appropriate dosing of the medications. The endpoints of hemoglobin or
infection rates are not evident until days after injury. However, by using a non-selective beta
blocker, the B1B effect on HR could be used as a guide for effective dosing, while also
providing BM protection with B2B and B3B. Also, since it appears that B2B and B3B offer
BM protection in different ways, administering a non-selective BB to get the protective
effect of both seems prudent. This is especially true if the cooperation of B2 and B3
receptors enhances mobilization of HPCs from the BM (21). Therefore, use of a non-
selective BB after shock and injury may be more effective than the use of selective BB.

In summary, this study demonstrates that the cardiovascular effect produced by B1B does
not provide any protection against BM dysfunction. The use of B2B and B3B following
injury and HS provide BM protection and prevent BM HPC growth suppression and
decreased BM cellularity. B2B and B3B likely protect the BM through different
mechanisms because only B3B provided 1 g/dL increase in hemoglobin seven days after
injury and HS. Therefore, the use of non-selective beta blockade following severe traumatic
injury needs to be further studied to determine its potential therapeutic effects.
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Figure 1. Heart rate in non-injury model
After seven days of treatment with B1B at either 5mg or 10mg/kg/day, a non-injured animal
had almost a 15% decrease in HR. N=4-10/animals per group. (UC=unmanipulated control;
B1B=animals given daily doses of beta 1 blockade). Shaded area represents normal UC
heart range.
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Figure 2. Heart rate three hours after injury and shock
B1B was the only beta-adrenergic antagonist to cause a statistically significant decrease in
HR when given after LCHS. N=4-6/animals per group. (UC=unmanipulated control;
LCHS=lung contusion followed by hemorrhagic shock; LCHS/B1B=LCHS followed by
beta 1 blockade after resuscitation, LCHS/B2B=LCHS followed by beta 2 blockade after
resuscitation, LCHS/B3B=LCHS followed by beta 3 blockade after resuscitation). **p<0.05
vs. LCHS. Dashed line represents UC levels.
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Figure 3. Heart rate over seven days following injury and shock
LCHS alone, LCHS/B2B, and LCHS/B3B animals had no overall change in HR compared
to the normal UC range. However, LCHS animals receiving 7 days of B1B had a 10%
decrease in HR. N=4-10/animals per group. p >0.05 for LCHS vs. each selective BB
counterpart. (UC=unmanipulated control; LCHS=lung contusion followed by hemorrhagic
shock; LCHS/B1B=LCHS followed by beta 1 blockade after resuscitation, LCHS/
B2B=LCHS followed by beta 2 blockade after resuscitation, LCHS/B3B=LCHS followed
by beta 3 blockade after resuscitation). Shaded area represents normal UC heart range.
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Figure 4. BM cellularity three hours after injury and shock
The cellularity after LCHS alone or treatment with B1B is significantly decreased from UC
levels. Treatment with B2B or B3B after LCHS restores BM cellularity to UC levels.
N=4-6/animals per group. (BM=bone marrow; UC=unmanipulated control; LCHS=lung
contusion followed by hemorrhagic shock; LCHS/B1B=LCHS followed by beta 1 blockade
after resuscitation, LCHS/B2B=LCHS followed by beta 2 blockade after resuscitation,
LCHS/B3B=LCHS followed by beta 3 blockade after resuscitation). * p<0.05 vs. UC,
**p<0.05 vs. LCHS. Dashed line represents UC levels.
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Figure 5A-C. BM HPC colony growth three hours after injury and shock
BM HPC colony growth after LCHS alone or LCHS/B1B treatment is significantly
decreased versus control in CFU-GEMM(Figure 2A), BFU-E(Figure 2B), and CFU-
E(Figure 2C). After LCHS, treatment with B2B or B3B prevents BM HPC growth
suppression in all three cell lines. N=4-6/animals per group. (BM=bone marrow;
HPC=hematopoietic progenitor cells; UC=unmanipulated control; LCHS=lung contusion
followed by hemorrhagic shock; LCHS/B1B=LCHS followed by beta 1 blockade after
resuscitation, LCHS/B2B=LCHS followed by beta 2 blockade after resuscitation, LCHS/
B3B=LCHS followed by beta 3 blockade after resuscitation). * p<0.05 vs. UC, **p<0.05 vs.
LCHS. Dashed line represents UC levels.
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Figure 6. BM cellularity seven days after LCHS
After 7 days, LCHS BM cellularity was still significantly decreased when compared to UC
levels. Treatment with B2B or B3B after LCHS showed a significant improvement in
cellularity. Treatment with B1B after LCHS had no effect on BM cellularity. N=4-10/
animals/group. (BM=bone marrow; UC=unmanipulated control; LCHS=lung contusion
followed by hemorrhagic shock; LCHS/B1B=LCHS followed by beta 1 blockade after
resuscitation, LCHS/B2B=LCHS followed by beta 2 blockade after resuscitation, LCHS/
B3B=LCHS followed by beta 3 blockade after resuscitation). * p<0.05 vs. UC, **p<0.05 vs.
LCHS. Dashed line represents UC levels.
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Figure 7. CFU-E colony growth seven days after injury and shock
After 7 days, LCHS still suppresses CFU-E colony growth as compared to UC. Treatment
with B1B after LCHS had no effect on colony growth, while treatment with B2B or B3B
significantly improved colony growth. N=4-10/animals per group. (UC=unmanipulated
control; LCHS=lung contusion followed by hemorrhagic shock; LCHS/B1B=LCHS
followed by beta 1 blockade after resuscitation, LCHS/B2B=LCHS followed by beta 2
blockade after resuscitation, LCHS/B3B=LCHS followed by beta 3 blockade after
resuscitation). * p<0.05 vs. UC, **p<0.05 vs. LCHS. Dashed line represents UC levels.
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Figure 8. Hemoglobin seven days after injury and shock
One week after LCHS, average Hb levels are lower than UC levels. Treatment with B1B or
B2B after LCHS did not impact Hb level. However, there was a statistically significant 1 g/
dL improvement in Hb in LCHS animals given B3B. N=4-10/animals per group.
(Hb=hemoglobin; UC=unmanipulated control; LCHS=lung contusion followed by
hemorrhagic shock; LCHS/B1B=LCHS followed by beta 1 blockade after resuscitation,
LCHS/B2B=LCHS followed by beta 2 blockade after resuscitation, LCHS/B3B=LCHS
followed by beta 3 blockade after resuscitation)**p<0.05 vs. LCHS Dashed line represents
UC levels.
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