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Relationship between Plasma Albumin
Concentration and Plasma Volume in
5 Inbred Rat Strains

Rajiv Rose and Harold G Klemcke®

Using the Evans Blue procedure, we previously found strain-related differences in plasma volumes in 5 inbred rat strains.
Because albumin binds strongly with Evans blue, this protein is important in the Evans blue method of plasma volume
determination. Therefore, we speculated that interstrain differences in plasma albumin concentration (PAC) could distort
calculated plasma volumes. To address this concern, we used ELISA techniques to measure PAC in these inbred rat strains.
In study A, the blood volume was measured by using Evans blue dye, and albumin was measured at the start of hemorrhage.
In study B, blood volume was not measured, and albumin was measured twice, near the start and end of hemorrhage (ap-
proximately 14 min apart). Neither study revealed any interstrain differences in PAC, which decreased after hemorrhage in
all 5 strains. No correlation was found between PAC and plasma volume, survival time, blood lactate, or blood base excess.
Percentage changes in PAC during hemorrhage were greater in salt-sensitive compared with Lewis rats. Moreover, these
percentage changes were associated with survival time in Fawn hooded hypertensive rats. Our data show that the plasma

volumes we measured previously were not misrepresented due to variations in PAC.

Abbreviation: STAH, survival time after hemorrhage.

We have been conducting studies with inbred rat strains to
identify quantitative trait loci or genes that regulate early sur-
vival ability after hemorrhage.?>?* For such studies, comparable
hemorrhage volumes among these inbred rat strains were of
crucial importance. Comparable hemorrhage volumes are, in
turn, highly dependent on accurate plasma volume measures
and associated blood-volume calculations. Using Evans blue
dye, a quantitative procedure for blood volume that has been
used for decades,”!” we previously measured plasma volumes
and found them to differ among inbred rat strains.?* This dye
binds almost exclusively to plasma albumin when the molar
ratio of dye to albumin is 8:1 or less.*

Albumin is the most abundant plasma protein, constituting
about 60% of measured serum protein, and is synthesized almost
exclusively by the liver.3! Albumin has multiple physiologic
functions,'33%3lone of which is to provide 80% of the colloid
osmotic pressure of the blood, which is important in maintain-
ing fluid balance between capillaries and the interstitium.?>2
Plasma albumin concentrations are a potential predictor of
survival in patients with various pathologic conditions! and
after trauma.*” In addition, albumin is pivotal for the Evans
blue dye method for blood volume determination, which is
dependent on the high binding affinity of Evans blue dye to
serum albumin.!>32

In evaluating our earlier blood volume studies, we realized
that the potential existed for strain-dependent differences in
plasma albumin concentrations to influence our blood volume
determinations. If albumin concentrations were significantly
lower in one strain than another, then less dye might be bound
to albumin and the dye might be eliminated from the blood more
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rapidly. Such a phenomenon could then lead to overestimation
of the blood volume (more rapid clearance providing lower
plasma concentrations would be interpreted as a larger volume
for dilution). Knowing that the multiple Evans blue binding sites
on each albumin molecule!® would help compensate for putative
differences in albumin concentrations, we hypothesized that
albumin concentrations would not be a confounding factor in
our blood-volume determinations. Nevertheless, this hypothesis
needed to be proven. Moreover, we wondered whether—as in
human trauma studies**—there was any association between
plasma albumin and survival after, or various indices of, severe
hemorrhage. To address these concerns, we conducted 2 studies
to compare plasma albumin concentrations and survival time
after severe hemorrhage among the inbred rat strains in which
we had previously measured plasma volume.

Materials and Methods

All rats were maintained at an AAALAC-accredited facility.
This study was approved by the IACUC of the US Army In-
stitute of Surgical Research (Fort Sam Houston, Houston, TX).
Animals received humane care in accordance with the Guide
for the Care and Use of Laboratory Animals.2® We used 5 inbred
rat strains: Brown Norway/Mcwi (BN; study A: Charles River
Laboratories, Wilmington, MA; study B: Medical College of
Wisconsin, Milwaukee, WI); Fawn hooded hypertensive (FHH;
Physiogenix, Milwaukee, WI); Dahl salt-sensitive (SS; Charles
River Laboratories), dark agouti (DA) and Lewis (LEW) (Harlan,
Indianapolis, IN) were used for the study. These 5 strains were
found to be the most divergent in survival time after hemorrhage
(STAH) in a previous study in which blood volume had been
measured.?* Moreover, congenic and consomic strains, which
could expedite analyses of quantitative trait loci in future studies,
were available many of these strains. We used for 2 suppliers for
BN rats because Charles River stopped supplying this particular
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strain. All rats were male, were shipped at approximately 10
wk of age, and were held for an 18- to 24-d acclimation period
before experimentation. Rats were maintained individually in
filter-top microisolation plastic cages containing rodent bedding
(catalog no. T7084, Harlan Teklad Rodent Bedding, Harlan,
Madison, WI) and kept at 19 to 23 °C, with lights on from 0600
to 1800. Food (catalog no. 2018, Harlan) and tap water in bottles
were constantly available. Vendor surveillance records indicated
the rats were free of known bacterial, viral, parasitic pathogens,
including cilia-associated respiratory bacillus, Toolan H1 vi-
rus, Kilham rat virus, pneumonia virus of mice, lymphocytic
choriomeningitis virus, rat parvovirus, rat cytomegalovirus,
Sendai virus, rat coronavirus/sialodacryoadenitis, rat minute
virus, reovirus, and Theiler murine encephalomyelitis virus,
Bordetella bronchiseptica, Corynebacterium kutscheri, Salmonella
spp., Streptococcus moniliformis, Mycoplasma pulmonis, Pasturella
spp., Helicobacter spp., and common ecto- and endoparasites.

All surgical procedures were conducted under aseptic con-
ditions as described previously.?> Rats were anesthetized with
2% to 5% isoflurane (Forane, Baxter Healthcare, Deerfield, IL)
in 100% oxygen. The left common carotid artery was isolated
and then catheterized by using PE50 tubing with a PE10 tip
(Clay Adams, Parsipany, NJ). Each catheter was pretreated with
tridodecylmethylammonium chloride-heparin (Polysciences,
Warrington, PA) before placement. The catheter was passed
dorsally beneath the skin, exteriorized in the intrascapular
region, filled with 100 pL of sterile glycerol, and sealed with a
sterile stainless-steel wire plug (1 cm x 0.635 mm). Rats were
injected subcutaneously with buprenorphine (2.5 ug/100 g body
weight) as an analgesic and with 10 mL/400 g body weight of
sterile 0.9% saline to provide hydration during recovery. Rats
were maintained under a warm lamp for approximately 4 h
and routinely monitored to ensure recovery from anesthesia
and surgery, after which they were returned to the animal room
in the vivarium.

In study A (BN, DA, FHH: n = 9; LEW, n = 8; and SS, n =
10), blood volumes were measured on the day of surgery by
using the Evans blue dye technique as described previously.?*
In study B (DA, n = 8; BN, FHH, Lew, and SS, n = 9), the aver-
age strain-specific blood volumes determined in study A were
used to calculate the volume of blood to be removed. Estimated
numbers of rats per strain (n = 10) needed for each study were
computed by using a power analysis that took into account the
desired power (probability of rejecting a false null hypothesis),
the variability (standard deviation) of the most meaningful
measure being considered (STAH), the least difference of interest
between 2 true means, the critical probability level, and the num-
ber of treatment groups in the study. However, experimental
losses prevented the achievement of n = 10 in most cases. Rats
were randomly assigned to day of surgery, order of surgery on
each day, and order of hemorrhage on each day. Approximately
24 h after surgical catheterization, all rats underwent a conscious
controlled hemorrhage, wherein 47% of the total blood was
removed during 26 min. Rats were observed for a maximum
of 4 h after commencement of hemorrhage. At the end of 4 h,
surviving rats were euthanized with an intravascular injection
of sodium pentobarbital (150 mg/kg). To avoid potential con-
founding effects of any diurnal variations on measures, both
surgeries and hemorrhages were always conducted between
0700 and 1200.

In study A, blood (the “initial” sample) was collected for albu-
min analysis during a 4-min period toward the beginning (min
4 through 7, approximately 3 mL) of the 26-min hemorrhage. In
study B, blood was obtained at 2 time points, separated by 14

min: at the start of minute 2 to the start of minute 5 (3 min, ap-
proximately 2 mL; the initial sample); and at the start of minute
18 to the start of minute 24 (6 min, approximately 2.3 mL; the
‘final” sample). For albumin, blood samples were collected in
heparinized syringes and centrifuged at 1900 x g for 5 min. The
top (plasma) layer was rapidly frozen in liquid nitrogen and then
stored at —80 °C. For study A, arterial blood gases, electrolytes,
and metabolites were measured (Cobas b221 Blood Gas System,
Roche Diagnostics, Indianapolis, IN). For study B, a handheld
system (iSTAT System with CGS8 cartridge; Abbott Laboratories,
Abbott Park, IL) was used. For these measures, blood was col-
lected in heparinized syringes during the first 1 min (studies A
and B) and last 2 min (study B) of hemorrhage. Two different
instruments were used for measuring arterial blood measures
because the Roche blood gas system was unavailable during
study B. Because we did not directly compare measures be-
tween studies, the necessary use of 2 different instruments has
not confounded our data interpretation. Arterial blood gases
and metabolites were measured to determine the presence of
any strain-dependent associations between such measures and
survival ability after controlled, conscious hemorrhage.

Albumin was quantified by using a rat albumin ELISA kit
(Bethyl Laboratories, Montgomery, TX). The manufacturer’s
protocol was slightly modified to allow correct validation of
the assay for appropriate accuracy and precision. Briefly, the
manufacturer’s procedure included: 1) coat wells of a 96-well
plate with coating antibody, then wash plate; 2) incubate the
plate with blocking solution and wash; 3) add samples or stand-
ards, incubate at room temperature for 1 h, and wash; 4) add
diluted horseradish-peroxidase—conjugated detection antibody;,
incubate for 1 h, and wash; 5) add 3,3,5,5-tetramethylbenzidine
substrate solution, protect from light, and incubate for 15 min at
room temperature; and add stop solution and measure absorb-
ance at 450 nm on a plate reader.

Intraassay variation resulted due to differences in absorbance
at the extremes of the 96-well plate; the albumin standards
measured in the first 3 columns (triplicates) of the plate had
lower absorbance when compared with the same standards
measured in the last 3 columns of the same plate. The differences
in absorbance were possibly due to different incubation times of
samples and standards (step 3 of manufacturer’s procedure) at
well 1 compared with well 96. On average, it took approximately
20 min to add all ingredients to the 96-well plate. Therefore the
incubation time at step 3 was up to approximately 33% longer
in well 1 compared with well 96, resulting in higher coefficients
of variation (CV) for samples loaded at the ends of the plates.
Thus, to minimize this variation, the time to achieve equilibrium
for antigen-antibody binding at step 3 was measured. At step 3,
samples were incubated for various time points: 1, 1.5, 2.5, 3.5,
4,6,12,18, 24,36, and 48 h. At 24 h of incubation and longer, a
plateau in absorbance was evident, indicating that an equilib-
rium condition of albumin binding to the coated antibody had
occurred. In addition, at this incubation time there were lower
CV between samples loaded in the extreme wells. Consequently,
the incubation time at step 3 was increased to 24 h; all other
steps followed the manufacturer’s protocol.

After optimization, the ELISA procedure was validated for
inter- and intraassay variation and accuracy. The CV for absorb-
ance was 7.9% among assays for the internal control. For most
standards, duplicates samples yielded CV of 4.5% to 8.3% for all
assays conducted. However the lowest 2 standard concentrations
had CV of 13% and 10.5%. All samples had absorbance values
toward the higher end of the standard curve. Accuracy—meas-
ured by adding 4 known and different amounts of standards to
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the unknown internal control sample—averaged 105.5% over
3 independent determinations, and average slopes of expected
compared with measured (b = 1.00) did not differ from 1 (P>0.05).

After completion of validation procedures, plasma concentra-
tions of albumin in rats were measured in both studies. Data were
analyzed by using SAS version 9.2 (SAS Institute, Cary, NC).
One-way ANOVA (PROC ANOVA) was used to test for strain
differences in albumin concentrations of study A and in change
(initial - final) and percentage change in albumin concentration in
study B. Percentage change was calculated by dividing the change
in albumin concentration by the initial value and multiplying the
quotient by 100%. Repeated-measures ANOVA (PROC MIXED)
were used in study B to compare the albumin concentrations of
the initial and final samples. The initial albumin concentration
of study A was compared with that of study B by using 2-way
ANOVA. Tests for differences among individual means included
the a posteriori Student-Newman—Keuls test (1-way ANOVA)
and the PDIFF procedure of SAS with adjustment for multiple
comparisons by using the false-discovery rate (2-way and
repeated-measures ANOVA).5 Pearson correlation analyses were
conducted by using PROC CORR. Because correlation coefficients
and their associated probability levels can be deceptive, all data
were plotted (using PROC GPLOT), and the scatter of data points
around the best-fit line and outliers were noted. High correlation
coefficients due to an outlier were eliminated. Only those correla-
tions associated with coefficients of determinations (r2) of 0.5 or
greater were considered potentially biologically relevant; that is,
50% or more of the variation in one variable is due to variation
in the second variable. Data were analyzed for homogeneity of
variance (Levene test) and for normality of distribution (PROC
Univariate Normal with associated Kolmogorov-Smirnov test).
Data were transformed where necessary to meet assumptions
of ANOVA. A probability level of 0.05 or less was considered
significant.

Results

For all 5 inbred rat strains, the initial plasma albumin con-
centration (g/dL) did not differ between study A and study B
(P = 0.31) or among strains (P > 0.05; Tablel; Figure 1) for both
the initial (studies A and B) and final sample (study B, P = 0.98;
Figure 1). Final plasma albumin concentrations were lower
(P < 0.0001; Figure 1) than the initial concentrations in all 5
strains. Changes in albumin concentrations—which were highly
variable among the rats in each strain—did not differ among
inbred rat strains despite the almost 2-fold numerical difference
between SS and LEW rats (P = 0.09; Figure 2). However, the
percentage changes in albumin concentrations were greater in
SS compared with LEW rats (P = 0.047; Figure 2).

In study A, wherein blood volume was determined in each
rat on the day of surgery, Evans blue concentrations differed
(P = 0.0052) among inbred rat strains and were approximately
5-fold less than the albumin concentration (Table 1). In addi-
tion, the ratio of the concentrations of Evans blue to albumin
differed among inbred rat strains (P = 0.0006; Table 1). Finally,
in neither study were there relevant correlations—either within
a given strain or across all strains—between plasma albumin
concentrations and other phenotypes of interest (for example,
survival time, plasma volume, mean arterial pressure, base
excess, blood carbonate, blood lactate, and so forth; data not
shown) that both met the criteria detailed in the methods section
and that were reproduced in both studies. However, FHH rats
showed a positive association between the percentage decrease
in plasma albumin concentration and STAH (r = 0.69; P = 0.04).
Given that the r? value (0.48) associated with this measure was

Plasma albumin, blood volume, and hemorrhage

very close to our defined threshold value (r? = 0.50), we accepted
the association as potentially relevant.

Discussion

In the current work, we measured plasma albumin concen-
trations in the 5 inbred rat strains for which we had previously
shown strain-dependent differences in plasma and blood vol-
umes.?* Inbred strains that differed in blood and plasma
volumes?* did not differ in plasma albumin concentration,
nor were than any correlations between plasma volume and
albumin concentration. To ascribe differences in plasma volume
to differences in albumin concentrations, one must remember
that each albumin molecule has 8 to 14 binding sites for Evans
blue.!>32 Therefore, plasma albumin concentrations would have
to decrease markedly before significantly less Evans blue would
be bound and presumably more rapidly cleared from the blood,’
thereby leading to the false conclusion of a larger blood volume.
The concentrations of Evans blue dye achieved through our
injections and the concentration of albumin present strongly
suggest that dye would be bound equivalently in all inbred rat
strains. In the current study, we did not measure equilibrium
dissociation constants (K,) for the binding of Evans Blue to
albumin. The most recent study to measure K, for multiple spe-
cies (human, rabbit, bovine, canine)'> determined an average K,
of 8.33 x 107 M for those species. Given the concentrations of
albumin and Evans blue present in the current study and assum-
ing 13 binding sites for Evans blue per albumin molecule and
a fraction of albumin-bound dye of greater than 0.99,1° then a
100-fold increase in the K, (decrease in affinity) would have to
occur before one would measure decreases in the concentration
of bound Evans blue as calculated by the method of Scatchard.?”
Theoretically, this situation would lead to associated increases in
free Evans blue dye, which could be eliminated from the blood
more rapidly.® Such data and considerations strongly suggest
that previously measured blood volume differences were not
due to variable albumin concentrations or affinity. Therefore,
our previously-stated hypothesis and the validity of our original
blood volume measures®* have been confirmed.

Additional findings of the current studies include: 1) plasma
albumin concentrations did not correlate with STAH in the 5
inbred rat strains we evaluated; 2) final albumin concentrations
during late hemorrhage were lower than initial concentrations
in all 5 strains; and 3) Evans blue dye injected 24 h prior did not
appear to affect ELISA-based quantification of plasma albumin.
Lack of correlation with STAH suggests that plasma albumin
concentration (initial or final) may not be a useful predictor of
survival ability for these inbred rat strains undergoing conscious
controlled hemorrhage. Numerous studies have shown an as-
sociation between increased plasma albumin concentrations
and improved health outcomes.?’ In addition, some earlier
studies have reported increased albumin concentrations to be a
predictor of more positive outcomes after trauma*’ and ischemic
stroke.12 Furthermore, albumin has been successfully used in
resuscitation fluid to improve survival in specific cohorts of
pa’cien’cs.6 However, in patients with brain injury, albumin may
increase mortality,®* and its use in hypovolemic patients remains
controversial.!* Because of the many supportive functions of
blood albumin,'*3! we had hypothesized that plasma albumin
concentration would be correlated with survival time, but at the
time points measured, our data do not support this hypothesis.
It is noteworthy, however, that the percentage changes in albu-
min concentrations between the initial and final samples were
correlated with STAH in FHH rats. The potential relevance of
this association is discussed later.
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Table 1. Differences in plasma albumin and Evans Blue dye concentrations in inbred rats strains for which blood volumes were determined by

using the Evans Blue dye procedure (study A)

Albumin concentration

Evans blue dye Ratio [Evans Blue] :
Inbred rat strain g/dL uM concentration (uM) [Albumin]
Brown Norway (1 = 9) 3.86+0.18° 593.2 +28.4° 107.3+1.9° 0.18 £0.01¢
Dark agouti (n = 9) 3.59+0.15* 551.9 £23.72 128.5+2.32 0.24+0.01 2b
Fawn hooded hypertensive (1 = 9) 3.84£0.18° 591.7 £27.12 121.8 +4.92 0.21 £0.01 b¢
Lewis (n =8) 3.31+£0.10° 509.7 £ 16.0° 123.8 £3.8* 0.24+0.012
Salt-sensitive (1 = 10) 3.48 £ 0.082 535.8+£11.9* 117.7 £ 4.9 2b 0.22+0.01 2b

Albumin concentrations are presented in 2 different units: g/dL is the normal unit designation as well as allows for comparison with Figure 1;
uM allows for comparison with the concentration of Evans Blue dye. Values with different superscripted letters differ significantly (P < 0.05).
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Figure 1. Plasma concentrations of albumin (mean = SEM) in rats from
study B wherein blood volumes were not measured. The 5 inbred rat
strains were Brown Norway (BN), dark agouti (DA), Fawn hooded
hypertensive (FHH), Dahl salt-sensitive (SS), and Lewis (LEW). Two-
way ANOVA with repeated measures indicated no interstrain differ-
ences (P = 0.98), a significant (P < 0.0001) difference based on sample
(initial compared with final), and an absence of interaction between
strain and sample (P = 0.095). Different superscripted letters indicate
values that differ significantly (P < 0.001). Numbers within bars repre-
sent the number of rats for each measure.

abo in Albumin C ations @8 % Decrease in Albumin Concentrations
X
25

c

.2

—_ a =]

3 10] wX ol | £

) WX _T_ < o

£a w g

& S 2 o) @) S

< .9 a w [5]

= a (9) 15

g £

£E o) (® a g
@

Qo ) 2

& 5 o5 ) ()] 0 <

£o (©) £

3£ b

og ©

3 bs &

o o

< g

X

0.f T T T T T -0
> \a N N 3
< ! & K2 &

Figure 2. Decreases and percentage decreases in albumin concentra-
tions during severe (47% blood volume) hemorrhage in 5 inbred rat
strains. The 5 inbred rat strains were Brown Norway (BN), dark agouti
(DA), Fawn hooded hypertensive (FHH), Dahl salt-sensitive (SS), and
Lewis (LEW). Decreases represent the difference between the initial and
final concentrations. Percentage decreases were calculated by divid-
ing these decreases by the initial value and this quotient multiplied by
100%. One-way ANOVA revealed an absence of interstrain differences
(P = 0.09; open bars with superscripted a). Percentage decreases were
lower for LEW compared with SS rats (P = 0.04); filled bars with differ-
ent superscripted letters indicate significantly (P < 0.05) different values.

Although the current study is the first to demonstrate reduc-
tions in plasma albumin concentrations in these 5 inbred rat
strains, albumin concentration previously has been observed

to rapidly decrease after trauma and hemorrhage in dogs'® and
after hemorrhage in rats.! What is new and worthy of considera-
tion are the relative changes of albumin during the hemorrhage
and how these changes may reflect biologic processes that
act—in a strain-dependent manner—to maintain homeostasis
during and after the hemorrhage challenge.

Decreased albumin concentrations undoubtedly reflect
the hemodilution that occurs, through transcapillary refill,
during and immediately after severe hemorrhage.*!® This
dilution involves passage of protein-free interstitial fluid into
the intravascular space.#!! However, there is also evidence
for a redistribution of blood from the microvasculature to the
macrovasculature immediately after hemorrhage,?® although
this redistribution would not decrease the albumin concentra-
tion. Plasma concentrations of albumin reflect the net effects
of its synthesis, catabolism, leakage from the intravascular
space (transcapillary escape), and replacement by means of the
lymphatic system.?83 The passage of solutes—such as albu-
min—out of the vascular space involves primarily 2 transport
routes: 1) through the endothelial cells (transcellular) and 2)
between the endothelial cells through interendothelial junctions
(paracellular).® During normal nonpathologic functioning albu-
min is transported exclusively transcellularly through caveolae,
in an energy-dependent process, from the luminal side of the
endothelium to the interstitial side.?>?® Some of this transport
is in conjunction with albumin-binding proteins, including
albondin.?’ Albumin subsequently is returned to the vascular
system after passage through the interstitium through the lym-
phatics.? Some pathologic conditions (sepsis and hemorrhage
plus resuscitation) have been associated with both increased
caveolae-associated albumin transport®® and paracellular
transport;7*! that is, increased albumin capillary permeability
and transfer of albumin from the blood into tissue. The effects
of hemorrhage itself on capillary albumin permeability are
undoubtedly complex and are both time-and tissue-dependent.
Indeed, different studies have found both increases® and de-
creases’ in albumin capillary permeability during or soon after
hemorrhage. Regardless of which of the described mechanisms
are associated with changes in plasma albumin concentrations
in our study, our data suggest that these mechanisms differed
between LEW and SS rats. Moreover, in FHH, these mecha-
nisms appear to have influenced STAH. Therefore, our results
encourage future genomic investigations into factors controlling
plasma refill and capillary albumin permeability as intermediar-
ies of survival after severe hemorrhage.

Finally, only the Evans blue dye procedure was used to
measure plasma volume. As noted earlier, this method is an
independent, well-established and validated technique that
has been used for decades to measure plasma volume.” 1
However, this procedure has some potential confounding
factors, including interference due to lipemia and hemolysis’
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and overestimation of blood volume when increased capillary
permeability leads to decreased plasma albumin concentra-
tions.?! All of these factors can lead to potential inaccuracies
in blood volume estimation. Although other techniques are
available (for example, ®l-albumin, hydroxylethyl starch??),
the repeatability, relative ease of use, absence of deleterious
effects on the animal compared with use of ?I-albumin,*and
wide acceptance of the Evans blue procedure’ argued for its
use in our studies. The current results indicating the absence
of differences in albumin concentrations among the inbred rat
strains studies further support this argument.

In conclusion, our data indicate an absence of interstrain dif-
ferences in plasma albumin concentration among the 5 inbred
rat strains tested and thereby confirm the validity of our previ-
ously published blood-volume measures, which made use of
the albumin-dependent Evans blue procedure. Furthermore,
the absence of correlation between albumin levels and STAH
indicate that albumin concentrations may not be useful predic-
tors of survival time after controlled, conscious hemorrhage
in these inbred rats. However, our data do suggest—albeit
indirectly—the presence of strain-dependent differences in
hemorrhage-induced changes in cellular mechanisms associated
with capillary albumin permeability and concomitant plasma
refill that may positively influence survival after hemorrhage
in FHH rats.
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