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INTRODUCTION

The effects of hypoxia have been known since Paul Bert's
(1) experiments on animals and man revealed an increase in the
oxygen carrying capacity of the blood.apparently due to an
erythrocytic polyeythemia. Dallwig et. al. (8) evoked & sim-
ilar increase in the total number of circulating red blood
cells in dogs and rabbits with gas mixtures ranging between 10%
and 13% oxygen under normobaric conditions. More recent works
(9, 11, 14, 16) have shown that this incresse in erythrocyte
concentration may be due initially to a hemoconcentration
trought about by a reduction in plasma volume. Fryers (10),
working with different groups of rats, reported a significant
reduction in their plasma vnlumes after acclimatization to
L,500 m (15,000 ft.) for periods ranging from 3-100 days.
Hannon et. al. (11) showed & similar reduction in humans at
4,230 m (14,100 ft.) after only a few hours of exposure.
Similar findings also have teen reported in humans by Pugh (14),
Surks et. al. (21) and Sanchez et. al. {(16) who feel that this
hemoconcentration is a compensatory mechanism to enable a great
number of red blood cells to be oxygenated per unit volume of
blood.

On the other hand, Hurtado et. ml. (12) made observations
on silx humans at 4,540 m (14,900 ft.) and found & decrease in
the plasma volume in four individuals and an increase in two
after a period of two hours. Observations on five of the sub-
Jects two days later revealed a decrease in plasma volume in

two and an increase in three, one 13.7% above normal.



Dill et. al. (9) also found varying results in the plasma
volumes of humans while working at 3,000 m (9,900 ft.).
These apparently conflicting data suggest that in mammals
fiuids may be gained or lost from the plasma depending on
the degree and duration of the hypoxic exposure.

Previous studies on the effects of acute hypoxie on
body fluids (1, 8, 9, 10, 11, 12, 1Lk, 16, 21) have dealt
with mammals or with exposures of several days duration at
oxygen concentrations of 10% to 1L%. Virtually no informa-
tion is available on the effects of oxygen concentrations of
less than 10% to 14% on body fluids in nonmammalian species
such as the domestic fowl.

The study reported herein initially was undertaken to dem-
onstrate whether acute exposure of domestic fowl to a simulated
altitude to 3,750 m (12,500 ft.} -- an altitude at which they
are known to reside (2, 5, 18) -- would produce a hemoconcen-
tration in this species. After 12 hours of this exposure --
approximately 13% oxygen at normobaric conditions -- no changes
were observed in the plasma volume, packed cell volume or
plasma protein concentration. However, at an oxygen concentra-
tion of 8% (approximately 25,000 ft. or 7,930 m) for a period
of two hours, hemodilution rather than hemoconcentration was
observed, Since this effect was the opposite of what was ex-
pected based on previous date (2, 5, 18) the study was changed
to measure both total body water and plasma volume changes re-

sulting from acute hypoxia. The results are reported here.



METHODS ANL MATERIALS

Animals. Adult, male, Single Comb White Leghorns (SCWL),
10-20 months of age, with an average body mass of 2.5 kg. were
used in these experiments. The animals were on a 12L:12D photo-
period, in an &animal room, in standerd laying cages for a mini-
mum of seven days prior to experimentation. All trials were
performed under similar environmental conditions apd at the same
hours of the day, to minimize differences due to circadian
rhythms. EBElood and plasma determinations were performed in sam-
ples drawn from a cutaneous ulnar vein cannula. Cannulation
surgery was done 24 hours prior to the experiment under a local
anesthetic (Procaine hydrochloridet®),

Chamber. The exposure chamber was fabricated by covering
a wooden framework enclosure with heavy plastic (Fig. 1). After
placing the animal into this chamber, the inlet air was diluted
with tanked nitrogen to produce an ambient of 8% oxygen atmos-
phere, usually within 20 minutes. The hypoxic stress was induced
by exposing the animal to this condition for two hours in each
case. The ventilation rate of the chamber was adjusted to give
approximately two air changes per hour. The concentration of
oxygen was monitored with an Oxygen Analyzer (Beckman, model-E2)
on gas exiting the chamber through & T-~tube attached to the ex-
haust port. Carbon dlioxide concentration was monitored similar-
ly with & Medical Gas Analyzer (Beckman, model LB-1), and never
rose above 0.2%.

Measurements. Plasma volumes were determined by a mod-

ification of the Burton et. al. (4) technique using human

¥Curts Laboratories, Kansas City
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radio-iodinated (I*°?) human serum albumin (RISA) (Appendix I).
This procedure was carried out immediately prior to and at the
end of the two hour experiment while the bird was still
hypoxic. A two hour time limit was used because preliminary
studies showed that the chickens would convulse and die if
kept at 8% for longer durations.

A modification of the tritiated water procedure of
Chepman and Black (7) was used to determine the total body
water pocol. The animals were injected with 250 upuCi of tri-
tiated water via a cannula in the cutaneous ulnar vein. A
2.0 ml. bvlood sample was taken two hours post-injection. Pre-
liminary data showed that Lwo hours was ample time to allow
for the tritiated water (T,0) to equilibrate with the body
fluids. The animal was Iimmediately reinjected with the same
amount of T20 and & similar sample taken after two hours of
hypoxic (8%) or normoxic (#1%) conditions. The blood samples
were immediately frozen until all had been collected. These
samples were lyophilized to complete dryness and the water
collected in a ecold trap (dry ice and acetone). A 1.0 ml.
portion of the water was added to 5.0 ml. of dioxane based
liquid scintillation solution (3) and counted in a deep well
liquid scintillation counter (Packard, Tri-Carb) for ten
minutes, A standard, prepared by diluting a portion'of the
solution used for injection (1:1250), was counted simultan-
eously with the samples. Counting efficiency was determined

for each sample volume by counting similar volumes of the



standard, All sample volumes were expressed as
muCi 3H/ml. HEO' Total body water was determined by the
standard method as outlined by Chapman and Black (7).

Packed cell volumes (PCV) were determined by the micro-
capillary hematrocrit method. Total plasma proteins were
determined with a hand protometer (National Instrument
Company). Erythrocyte fragility was measured utilizing
the technique of Wintrobe (23) using different saline

concentrations.



RESULTS

The data of experiment #1, summarized in table 1, show
that all animals experienced a non-significant body weight
loess, although this was greater in the hypoxic than in the nor-
moxic birds. Moreover, there were no significant differences
between the pre- and post-treatment body water pool sizes in
elther the normoxic or hypoxic groups. The magnitude of water
loss in hypoxic animals was approximately equivalent to the
body weight loss.

In experiment #2, the plasma volumes in all hypoxic ani-
mals increased significantly (P < 0.,05) above their pre-
treatment values (table 2). Further, the controls displayed a
slight, but nonsignificant, increase in their plasma volumes
that may be due to inherent error in the technigue as there was
no change in the PCV's or plasma proteins indicative of hemo-
dilution. 2Zipf (24) has shown that the overall probable error
for the RISA technique is less than plus or minus 5%. The
percentage increase in the contronl group reported here amounts
to +5.8%. When this value (+5.8%) was subtracted from the total
percentage increase for the hypoxic birds (+16.8%), the result-
ant increase above normal in plasma volume due to hypoxia was
+11.0%. This represents & net increase in vascular volume,
or hemodilution, apparently at the expense of another pool
(e.g., the intracellular volume). Since body weight changes
in control and hypoxic birds are of the same magnitude as those
in teble 1, the total body water loss was about the same in both

experiments.
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Another consistent finding was the significant decrease
in packed cell volume and plasma protein values (table 3) for
hypoxic compared to control birds. These changes in the hy-
poxic animals -- a 8.3% decrease in PCV and 10.0% decrease in
plasma protein concentration -- also indicate a hemodilution
effect.

There was no change in the osmotic fragility of the ery-
tiiroecytes due to hypoxia. A1l cells in beth control and hypo-
xic animals began to hemolyze at 0.L0% and were completely
hemolyzed by 0.30% sodium chloride. Similar erythrceyte
fragility data have been reported for avian red blood cells
by Soliman and Amrousi (19) and for human red cells by
Stickney et. al. (20).

Visual observations made on the birds while breathing
8% oxygen revealed that they appeared to be in a very weak-
ened and lethargic state. In meny instances they assumed a
prone position during the entire trial. For a few animals
the oxygen concentration was apparently too low since they
convulsed and died. One hundred percent mortality was ob-
served when the concentration was kept below 8% for any
length of time (i.e., more than one hour). Moreover, it was
found that the birds did not begin hyperventilating until
the oxygen concentration was at or below 12%, supporting the
work of Ray and Fedde (15).

Although the increase in the plasma volume of +11.0%
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due to hypoxia (table 2) exceeds the percentage change of

PCV of -8.3% (table 3) there is no significant change in the
total red blocod cell volume before and after hypoxia {(table L),
Thus, 8 detectable erythrocytic polycythemia did not occcur
during the two hour trial. Apparently the difference between
the plasma volume change and the PCV change 1s due to an in-
herent technique error for it has been shown (18) that

SCWL are highly efficient in increasing their packed cell
volumes while exposed, chronically, to an altitude of

3,700 m (12,500 ft,).
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DISCUSSION

It is commonly accepted (9, 11, 1L, 16, 17) that hemo-
concentration is a phenomenon usually seen following exposure
to hypoxia and acts as a compensatory mechanism to increase
the oxygen cerrying capacity of the blood. A hemodilution
would decrease the efficiency of this process and also de-
crease the oxygen supply to many vital parts of the body
{e.¢., the brain). The results reported here indicate that
a chicken breathing 8% oxygen is unable to compensate for
this severe oxygen deprivation. Butler (6) has shown that
the chicken, unlike many mammals, displays a severe brady-
cardia with marked decrease in arterial diastecllie pressure
suggesting a lowered peripheral resistance at an inspired
oxygen concentration of B8%. His data also suggest that
cardiovascular collapse may be due to a loss of autonomic
control. Thus, a decreased blcod hydrostatic pressure could
change the equilibrium at the level of the capillaries with
a resultant net influx of fluids from the tissues. This
also is supported by work of Kadono and Besch (13) who re-
ported a decrease in mean systemic blood pressure of approx-
imately 20% in SCWL following exposure to a 12% oxygen
environment.

Preliminary studies performed in this laboratory demon-
strate that hemodilution in anesthethzed domestic fowl may
occur within minutes after exposure to acute hypoxia (8%

oxygen) but return to normal pretreatment values after the
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hypoxic stimulus has been removed. Male, SCWL were uni-
directionally ventilated (15) in series, at 550 ml/minute
with two gas mixtures, 8% and 100% oxygen. A venous PCV and
plasma protein concentration were taken while the animal was
spontaneocusly breathing room air and again after a five min-
ute exposure to 8% oxygen. The animal was then immediately
ventilated with 100% oxygen for ten minutes at a similar flow
rate. In all cases the PCV and plasma protein concentration
decreased while the animal was ventilated with the 8% oxygen.
After being ventilated with the 100% oxygen the PCV and plas-
ma protein concentrations returned to their normal pre-
treatment values (table 5). These data indicate that a hemo-
dilution occurs rather quickly (about six minutes) following
exposure to 8% oxygen. The rapidity of this response is sim-
ilar to the one reported for diastolic blood pressure (6) dur-
ing acute hypoxia and is further evidence of a relationship be-
tween decreased peripheral resistance and hemodilution.
Although the hypoxic animals lost a slightly greater
percentage of their total hody weight than the controls dur-
ing the experiment (table 1) they did not lose a significant
amount of body water. That weight reduction may have been the
result of water loss from the respiratory tract as a result of
hyperventilation. Surks et. al. (21) studying the body com-
position of soldiers at 4,250 m (14,100 ft.) found body weight
reductions but no evidence of a negative water balance. Hannon

et. al. (11) using the deuterium oxide technique, found no
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change in the body water compartment of humans at an alti-
tude of 4,250 m (1k,100 ft.).

The slight difference between the percentage changes for
plasma proteins (-10.0%, table 3) and plasma volume (+11.0%,
tabvle 2} suggests that there may be some loss of protein from
the vascular compartment perhaps as a result of an increased
capillary permeability due to hypoxia. Siggard-Anderson et. al.
(17) have shown that there is no increase in vascular perm-
eability in humans as a result of acute hypoxia., VanLiere
and Stickney (22) report that the capillary permeability to
fluid and protein does not increase until the venous P02 falls
below 10-12 torr in humans. Thus, it seems that the loss of
protein from the blood plasma probably cannot account for
this discrepancy and that hemodilution is due to the increase
in piasma volume,

BEased on the red cell Tragility data obtained in this'
study as well as that reported elsewhere (19), it is not
likely that any part of the decreased PCV was due to hemolysis.

The general conclusion is that domestic fowl exposed to
8% oxygen, under the conditions described in this study, will
experience &8 net increase in their plasma volume while total
body water will remain the same. The sources of this fluid
must be either a) intracellular water or b) interstitial
water. A study of these poocl changes during acute hypoxia in

domestic fowl may be worthy of further investigation.
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APPENDIX I

To determine the plasma volume the indicator dilution
technigque was used. The indicator was radio-iodinated
(12°1) human serum albumin (RISA) obtained from Abbott
Laboratories,

The labeled albumin was supplied in 110 ml., vials con-

taining 10 ucCi 125

I/ml. A 5 ml. aliquot of the original
sample was diluted in a 10 ml. volumetric flask to contain

5 uCi +2%°I/ml. The animals were injected with 0.5 ml. of
this solution via a cannula in their cutaneous ulnar vein.
Three post injection samples of 0.3-0.5 ml. were taken at

3, 5, and 10 minutes. The samples were limited to 0.3-0.5
ml. in order to avoid the problem of hemodilution as re-
ported by Sturkie (1965). Previous work by Sturkie (1965)
has shown that the mixing time of dye in vascular systems

of chickens is approximately three minutes. These data

and that reported by Burton et. al. {(1967) suggest that
three minutes is ample time for the complete mixing of RISA.
The whole blood samples were spun down and & 0.1 ml. portion
of the plasma collected. The plasma was diluted to a vol-
ume of 1.0 ml. and counted. A standard (std.) wes made by
diluting & 0.5 ml. porticn of the injectable solution to

100 ml. in a volumetric flask. A 0.1 ml. aliquot of the
standard was counted simultaneously with the plasma samples
in order to determine the counting efficiency for this

system. The efficiency factor wes used to convert net counts



per minute to muCi 125I/ml. of plasma.

It was found that the labeled albumin left the wvascular
compartment at a slow rate. This i1s seen in the straight
line relationship of a semilogarithmic plot of muCi 125I/ml.
of plasma vs. time (Fig. 1), which indicates that the concen-
tration of the labeled albumin changes exponentially with
time. Since the slope of the regression line was close to
zero for the first 30 minutes the mean of the counts per
minute of the three plasme samples was used to calculate the
plasma volume. The following relationshlp wag used:

Plasma Volume = muCi 1251 injected
muCi lgSI/ml. plasma
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Figure 1. Semilogarithmic plot of specific activity of
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ABSTRACT

Unanesthetized, adult, male Single Comb White Leghorns
(SCWL) chickens, averaging 2.5 kg. in weight were acutely
exposed to hypoxia (8% oxygen) in an environmental chamber.
The air in the chamber was diluted with tanked nitrogen to
obtain the desired oxygen concentration (8%). Fluid shifts
were monitored by utilizing tritiated water (total body
water) and radio-iodinated (125I) human serum albumin
(plasma volume). Total body water remained unchanged while
there was & definite increase of +11% plesma volume (F<0.05)
after a two hour exposure to 8% oxygen. Another consistent
finding was & significant decrease (P<0.05) in both packed
cell volume (-8.3%) and plasma protein concentration
(-10.0%) as & result of hypoxia. Thus, an increase in plasma
volume with a concomitant decrease in packed cell volume and
plasma protein levels while total body water remained the
same, indicates that there was & hemodilution at the ex-
pense of some other body fluid pool (i.e., intracellular
fluid or interstitial fluid). Preliminary studies for this
research on anesthetized SCWL, unidirectionally ventilated
with 8% oxygen demonstrated that this hemodilution occurred
within six minutes after exposure. Also, the increase in
plasma volume returned to normal pretreatment values in a

similar amount of time after the removel of the hypoxic gas.



