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ABSTRACT

INTRODUCTION

METHODS AND MATERIALS: HEMORRHAGIC SHOCK MODEL

This study investigated the systemic (heart rate, mean arterial
pressure) and microcirculatory (vasoactivity, interstitial fluid
oxygenation [PISFO2]) impact of two resuscitation fluids: a novel
carbon monoxide/oxygen delivery agent (PEG-COHb [SanguinateTM]
Prolong Pharmaceuticals, LLC, South Plainfield, NJ), and a nonoxygen carrying colloid volume control (HextendTM; Hospira, Inc,
Lake Forest, IL). Male Sprague-Dawley rats underwent a controlled
45% blood volume hemorrhage at 3.5 ml x min-1 x kg-1 through a
cannulated carotid artery and were maintained in this hypovolemic,
hemorrhagic shock phase for 30 minutes. Resuscitation fluids were
infused at a rate of 3.5 ml x min-1 x kg-1 to a volume equal to 20% of
the total estimated blood volume through a cannulated jugular vein.
Systemic measurements were recorded via a cannulated femoral
artery that was connected to a pressure transducer (MP150; Biopac
Systems, Inc, Goleta, CA) while microcirculatory parameters were
collected through phosphorescence quenching and intravital
microscopic examination of the exteriorized spinotrapezius muscle.
Compared to baseline, the 45% hemorrhage produced a significant
reduction in heart rate, blood pressure, arterial diameter and PISFO2
in all animals. Resuscitation with either PEG-COHb or HextendTM
animals improved the systemic parameters towards baseline, but
only PEG-COHb-treated animals showed an improvement in PISFO2.
The impact of improved systemic variables was evident in mortality
with untreated animals (sham) expiring an hour after hemorrhage,
while HextendTM resuscitated animals expired after 4 hours. PEGCOHb animals survived for the entire 8 hour observation period. In
addition to extended survival times, PEG-COHb animals showed
steady systemic and microcirculatory parameters. HextendTM
resuscitated animals, however, developed rigor mortis in their limbs
at approximately 3 hours post-hemorrhage, which was concurrent
with a rapid decline in systemic variables. These results demonstrate
that while reestablishing blood pressure is acutely important for posthemorrhage survival, restoring oxygen delivery to peripheral tissues
is critical for improving long-term outcomes.

Hemorrhage and its complications are the
leading cause of preventable death in combat
casualties.
Survival
of
hemorrhage
is
dependent on prompt hemorrhage control,
sufficient - but not excessive - restoration of
volume, and mitigation of ischemia/reperfusion
injury by careful reintroduction of oxygen
carrying capacity.
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Isoflurane (induction)
Alfaxalone (continuous rate of infusion)

•
•

Vessels and tracheal cannulation (Fig. 2A)
Spinotrapezius muscle exteriorized (Fig. 2B)

Experimental Protocol
•
•
•
•
•
•

D

‘Baseline’ parameters collected
45% BV withdrawal at 3.5 ml/kg/min
‘Post-hemorrhage’ parameters collected
Observe HS and resuscitate moments from
death: MAP ≤ 22 mmHg and/or no breath
20% BV infused at 3.5 ml/kg/min
Observed until demise or 8 hours

•
•
•

RESULTS: BIOMARKERS
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Figure 2: Survival times were measured from the point of injury (onset of
hemorrhage) for Sham and HextendTM and SanguinateTM reperfused animals and
are expressed as mean ± SD. Systemic cardiovascular parameters were collected
continuously and plotted discretely. Mean arterial pressure is reported as mean ±
SD. Arteriolar diameters were measured discontinuously at the indicated time points
and are expressed as mean ± SD.
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Figure 3: Tissue Oxygenation. PISFO2 was measured in the spinotrapezius muscle
for animals reperfused with either HextendTM or SanguinateTM. Sham animals
(omitted for clarity) showed a truncated profile similar to HextendTM where PISFO2
was undetectable following hemorrhage. Data are reported as mean ± SD.
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Figure 1: (A) Vessel cannulations and airway intubation.
(B) Animal mounted to thermostabilized platform.
(C) Spinotrapezius muscle mounted to thermostable
pedestal ready for intravital microscopy. (D) Impact of
hemorrhage on arteriole/venule pair. Baseline (left),
Post-hemorrhage (HS t0, right).

Sham (no treatment)
SanguinateTM – PEG-COHb
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Phosphorescence Quenching Microscopy
• Palladium porphyrin (R0) oxygen probe
distributed into interstitium.
• Phosphorescence
decay
curve
captured and fit to standard curve for
translation to PISFO2 in mmHg.

Surgical Preparation

RESULTS: OXYGENATION
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Male SD rats 300-350g.
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Oxygen therapeutics are often categorized into
hemoglobin-based oxygen carriers (HBOCs)
and perfluorocarbons (PFCs).
HBOCs are
derived from hemoglobin, while PFCs are made
from modified carbon chains.
This study
focuses on the former. SanguinateTM is a
PEGylated carboxyhemoglobin (PEG-COHb),
which has been engineered with increased
particle sizes to prevent extravasation and
attenuate immunological responses, and affixed
with a CO molecule to regulate oxygen delivery.
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Figure 4: Inflammatory markers. TOP: mRNA was isolated from whole blood
collected prior to hemorrhagic shock and at the end of study from untreated,
HextendTM or SanguinateTM treated animals. CT values, generated by qPCR, for
indicated RNA were normalized to GAPDH and are expressed as fold change in
relative RNA levels at end of study compared to baseline. BOTTOM: Average RNA
values for IL1-VEGF, CRP-IL6, and CYGB-IL10 x, y pairs at end-of-study were
calculated and normalized to baseline values. Intersection of dotted lines and
arrows represent the baseline and change in the magnitude of RNA, respectively.

CONCLUSIONS
• Withdrawing 45% estimated blood volume at a
constant rate of 3.5 ml/kg/min induces a
rapidly lethal state of hemorrhagic shock
• 20% volume resuscitation with an iso-oncotic
volume expander (HextendTM) immediately
prior to animal demise extends life to ~4 hours
• Resuscitation
with
a
PEG-COHb
TM
(Sanguinate ) further increases survival (> 8
hours)
• SanguinateTM effectively carries and delivers
oxygen to peripheral tissues without inducing
adverse vasoactivity
TM
• Sanguinate
improves
inflammatory
biomarkers compared to HextendTM or Sham
(no treatment)
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