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Summary

The colloid osmotic pressure of plasma, np, and lung
lymph =i, in the adult sheep was measured with a
membrane osmometer and calculated from the pro-
tein content using the Landis and Pappenheimer
equation. Measured (M) plasma oncotic pressure was
6 mm Hg lower than calculated (C), for normal
sheep plasma. The difference between (M) and (C)
decreased as protein content decreased. The (M)
lymph value, considered to be equal to interstitial
fluid, was only 1 mm Hg lower than (C) for normal
lymph. This resulted in a difference between the
calculated and measured oncotic gradient (wp-ni) of
nearly 5 mm Hg. This difference decreased as pro-
tein content decreased in plasma and lymph. The
difference between measured and calculated values
may in part be explained by the difference in A/G
ratio between human and sheep plasma and between
sheep plasma and lymph. Measured oncotic pressure
in plasma and lymph after severe hemorrhagic and
endotoxic shock did not differ significantly from
that in the normal animal.

The chronic lung lymph fistula preparation in
the adult sheep is currently being used by a
number of investigators for the measurement
of pulmonary fluid and protein dynamics in
various disease states (1-4). An accurate
measurement of colloid osmotic pressure both
in plasma and lung lymph, which is considered
to be equal to interstitial fluid, is necessary
for studies of fluid and protein movement
across the microcirculation (3, 4). A number
of studies using this model, reported in the
literature, have used the Landis—Pappenheimer
equation (5) for total protein or for albumin
and globulin, to calculate these values (1, 2).
Recent reports comparing calculated oncotic
pressures with those measured on a membrane
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osmometer, have demonstrated that in the hu-
man the values agree but in several animal spe-
cies, in particular the dog, measured values are
significantly lower than calculated (6).

Our purpose was to compare directly measured
plasma and lymph oncotic pressures in the
sheep with those calculated using the Landis—
Pappenheimer equation. We performed these
measurements both in the normal state and
after hemorrhage and endotoxic shock to see
if various disease states altered this relationship.

Methods

Twenty-six adult sheep (40—90 kg) were pre-
pared for collection of lung lymph according
to the method of Staub (3). Animals were
allowed to recuperate for five days after lymph
cannulation prior to any studies, to allow for

a steady-state lymph and protein flow. All
studies were performed in the unanesthetized
state, the sheep unrestrained in a metabolic
cage.

Measurements

Lung lymph and venous blood were collected
in heparinized tubes and immediately centri-
fuged and the plasma and cell free lymph,
separated. Plasma and lymph colloid osmotic
pressure were measured at room temperature
(24 °C) using a commercially available onco-
meter having a semipermeable membrane im-
permeable to particles over 30,000 molecular
weight (Weil-Instrumentation Laboratory Inc.,
Lexingtom, Massachusetts, Model No. IL 186).
Since the effect of temperature on oncotic
pressure is considered to be very small (0.3%
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per degree C°), a temperature correction was
not made (7).

Total protein concentrations were determined
by the Biuret technique and albumin concen-
trations by the Doumas (8) method. Colloid
osmotic pressures were calculated using both
the Landis and Pappenheimer equations for
total protein and for albumin and globulin (5).

Total protein 7= 2.1 C+ .16 C2 + 0.009 C3

Albumin 7=28C+ .18 C2 +0.012 C3
Globulin m=1.6C+ .15 C2 + 0.006 C3
Experiments

Lymph and plasma samples were collected in
14 sheep with lymph fistulae over a four day
period. Eight animals were subsequently given
a rapid crystalloid infusion equal to one-half
of their blood volume. In six sheep, 50% of
blood volume was removed and replaced with
2.5 times this volume with lactated Ringers
solution. Lymph and plasma samples were
collected at one-half hour to one hour inter-
vals during the study.

Hemorrhagic Shock

The study was performed on six unanesthe-
tized animals. Sheep were bled from an ar-

terial line to a mean arterial pressure of 50

mm Hg over a 30 minute period. Blood was
then removed as necessary to maintain the

pressure between 50—55 mm Hg.

Animals remained at this pressure until they
expired. Lymph and plasma samples were col-
lected every 30 minutes.

Endotoxemia

Six unanesthetized sheep were given a lethal
dose (10 pg/kg) of E. coli endotoxin intra-
venously. The animals were monitored until
they died, with lymph and plasma collections
every 30 minutes.

Statistical Analysis

Statistical analysis was performed using the
paired t-test on individual paired differences.
The slopes of the regression equations were
compared using the t-test (9). Significance
was considered as p < 0.05.

Results

Mean data for the normal animal with hemo-
dilution is found in Table 1. Calculations of
oncotic pressure were made using the Landis—
Pappenheimer equation for total protein. We
noted a 6 mm Hg difference between calculated
and measured oncotic pressures for normal
plasma (7p) and a 1 mm Hg difference for nor-
mal lymph (mi) with the measured value being
lower. When oncotic pressure was decreased

by hemodilution, the difference between calcu-
lated and measured decreased. At extremely
low levels of 7i (3—5 mm Hg), the measured
value was actually higher than that calculated.

Since the difference in values for mp was much
larger than for =i, the differences did not can-
cel out in the oncotic gradient (mp-mi). In fact
measured (mp-mi) was 4 mm Hg lower than
that calculated. We compared the measured
and calculated mp and i with total protein
content (Figure 1). The measured data best fit
a straight line in the range of the protein con-
tent in our study. Data were not extrapolated
beyond this range because this would require
artificially altering the samples by further con-
centration or dilutions. The equation for plas-
ma was y = 2.22x + 1.87 r = .94 and for
lymph, y = 247x + 0.51 r = .96. Both 7p and
mi deviated from the Landis—Pappenheimer
equation as protein content increased. The
comparison between calculated values using
both total protein and albumin/globulin and
measured values is shown in Figure 2.

Mean data for animals subjected to fatal hem-
orrhagic and endotoxic shock are shown in
Tables 2 and 3. The mean time of death after
hemorrhagic shock was six hours. Hemorrhagic
shock resulted in a significant decrease in mp.
mi was also significantly decreased. The mean
difference during shock between calculated
and measured mp and 7i was less than that at
baseline because of the hypoproteinemic state.
On Figures 3 and 4 are plotted the individual
points comparing measured mp and mi after
hemorrhagic shock with regression lines deter-
mined from the normal animal. The majority
of the points are within the confidence limits
of the lines, indicating that the values of mp
and mi were not significantly different from
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Table 1 Comparison between calculated and measured oncotic pressure in the normal animal

Protein (g/dl) Ratio  Colloid Osmotic Pressure (mm Hg) Gradient mp-mi (mm Hg)
Mean + S.E. Total Albumin A/G Calc. Meas. Diff. Calc. Meas. Diff.
Plasma *
(Baseline) 6.6t0.2 2.5+0.2 .60 21.6+0.9 16.3:+0.4* 5.8+1.5

10.8+0.7 6.5+0.4* 4.4+0.2*

Lymph
{Basaline] 4.2+0.1 1.9¢x0.5 .82 11.7+0.6 10.7+t04 1.1£0.3
Plasma *
(Crystalloid) 3.9+0.1 1.6+0.1 .69 10.9+0.3 9.5+0.3 1.4+0.2*
Lyl ngny Gmnd o8  ES0S  sEan amaa T oonw Rea
(Crystalloid) 1-4£0- .7+0. 4 .3+0. .9+0. .7+0.

*Significantly different from calculated value p < 0.05
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Table 2 Comparison hetween calculated and measured oncotic pressure during hemorrhagic shock

Protein (g/dl) Ratio Colloid Osmotic Pressure (mm Hg) Gradient mp-mi (mm Hg)

Mean + S.E. Total Albumin A/G Calc. Meas. Diff. Calc. Meas. Diff.
fg;ss';?ne) 6.2:0.2 25:0.1 .67  21.3:0.6 16.1+0.6* 5.0+0.4*
- 10.9:0.3 5.9+0.4* 5.0+0.2*
(Boseling) 26202 1.7:04 90  10.1:04 10.2:05 0+0.4
'(::ss";a 4.2:03 1.8:02 .75  12.4:04 10.2:04  2.3:0.4*

6.5:0.4 4.1:0.3* 2.2:0.2*
m”g‘)’h 2.4:0.2 1.1:0.2 85 6.140.3  6.0:¢0.6  0.1:0.2

*Significantly different from calculated value p < 0.05

Table 3 Comparison between calculated and measured oncotic pressure after E. coli endotoxin

Protein (g/dl) Ratio Colloid Osmotic Pressure (mm Hg) Gradient wp-mi (mm Hg)
Mean + S.E. Total Albumin A/G Calc. Meas. Diff. Calc. Meas. Diff.
Plasma
(Baseline) 6.2¢0.4 2.5+0.2 .64 21.3+0.8 16.6+0.5* 4.8+0.6*
Lymph 10.4+0.4 5.6:0.6 4.5:0.3
(Baseline) 4.1+04 1.9+0.2 .89 11.9+0.7 11.0:0.6 1.0+0.6
Plasma

(Endotoxin) 5.7+0.1 2.0:0.1 .54 18.8t0.4 14.6:0.6* 4.4+0.5*

Lymph 9.0:0.3 6.1:0.4 3.2:0.3

{Endotoxiil 3.5:0.3 1.4+0.2 .70 9.7+0.7 8.5:0.4 1.1:0.6

*Significantly different from calculated value p < 0.05

24r ® Hemorrhagic Shock
o Endotoxin
20 ——95% Confidence Interval

MEASURED '

; N, COLLOID
Fig. 3 The relationship between OSMOTIC 12
measured oncotic pressure and total
protein concentration is shown PRESSURE
comparing plasma values from ani- (mmHg) 8}
mals subjected to hemorrhagic and
endotoxic shock with the line
(solid) determined for normal plas- 4}
may = 2.22x + 1.87. The values
for hemorrhagic shock tended to

be somewhat lower than found for L L : - L 4
normal plasma but most of the 3 4 5 6 7 8
points as with endotoxin plasma,

fell within the 95% confidence PROTEIN CONCENTRATION
limits of the line for normal plasma g/dl IN PLASMA
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Fig. 4 The relationship between
measured oncotic pressure and total
protein concentration is shown com-
paring lymph values from animals
subjected to hemorrhagic and endo-
toxic shock with the line (solid) de-
termined for normal lymph y =

PROTEIN CONCENTRATION

g/dl IN LYMPH

those in the normal animal for a given protein
content, although there was a tendency for
these values to be lower.

The mean time of death after endotoxic shock
was five hours. The data in Table 2 and on
Figures 3 and 4 demonstrate that the meas-
ured values were not different from those in
the normal animal, with the majority of points,
comparing 7p and 7i with protein content,
being within the confidence limits of the line
for the normal animal.

Discussion

An accurate measurement of both plasma and
interstitial colloid osmotic pressure is neces-
sary for studies of fluid transport across the
pulmonary microcirculation (1-4). Lung lymph
in the chronic lung lymph fistula preparation
in sheep is reported to be equal to interstitial
fluid in its protein content and lymph oncotic
pressure equal to interstitial oncotic pressure
(4). Studies using this preparation have util-
ized variations of the Landis—Pappenheimer
equation to calculate 7p and i (1, 2). We
measured oncotic pressure in plasma and
lymph from the sheep using a commercially
available oncometer (Weil-Instrumentation
Laboratories) consisting of a semi-permeable
membrane which rejects passage of particles
over 30,000 M.W. The Weil Oncometer is cur-
rently being used clinically.

5 6 2.47x + 0.51 r = .96. The values for
both hemorrhagic shock and endo-
toxin were primarily confined to the
95% confidence limits of the line
for normal lymph

We found that the measured 7p and 7i was
less than the value calculated according to pro-
tein content. The difference was magnified as
the protein content increased. However, the
difference between calculated and measured
values was different for plasma and lymph,
lymph being much closer to the calculated
value. Because of the discrepancy between mp
and i, the measured gradient (mp-mi) was ap-
proximately 4 mm Hg lower than that calcu-
lated. The discrepancy between measured and
calculated mp has been described in other spe-
cies. In the dog this has been felt to be due
to a decrease in the albumin/globulin ratio in
relation to the human, upon which the Landis
and Pappenheimer equation is based (6). The
sheep also has a lower A/G ratio, being ap-
proximately 0.6, compared to 2.0 for the hu-
man. Our values of 7p for each protein con-
tent are very similar to those described by
Navar (6) in the dog. He calculated a cubic
equation for his data, but in the protein range
of our study his data also approaches a straight
line.

To date there have been no reported studies
measuring oncotic pressure of lung lymph or
intestitial fluid. Values have been calculated
(1, 2, 10). The measured values in our study
in the range of normal lymph protein content
were very close to the calculated value. This
differed from the results in plasma. One reason
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for this may be that the A/G ratio of lymph
is about 0.9 and closer to human plasma than
is sheep plasma. Other undetermined mecha-
nisms, however, may be involved which will
need to be identified.

Having identified the discrepancy between mp
and 7i and between calculated and measured
values, we wanted to determine whether these
relationships were altered by disease states.

We found that these relationships did not ap-
pear to change significantly when the animals
were subjected to lethal hemorrhagic and endo-
toxic shock, although there was a general
tendency for these values to read slightly lower
than the values for the same protein content

in the normal animal.

We have therefore identified a significant dis-
crepancy between calculated and measured
oncotic pressure in sheep plasma and lymph.
We have not determined which one of these
values best approximates the oncotic Starling
force affecting the microvascular membrane
in vivo. However, these data do point out the
need for further study of oncotic pressure
measurement in the experimental animal.
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