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Arterial blood Po2, Pco2, lactate levels and Cl“ ion concentration as well as pH were
measured on the time course in chickens (Gallus domesticus) as they settled in normoxic
conditions and during exposure to acute hypobaric hypoxia (Pb = 450 Torr).

Hypoxia provoked at first a CO2 increased output from blood and a brief stage of deep
metabolic acidosis during which lactate levels suddenly increased. This acidosis was then
compensated producing a return to the initial pH and a decrease infHCOj] + [CO^i after
60 min. Subsequently respiratory alkalosis associated with an increase infHCOrl + [CO^T
a decrease in Cl- ion concentration and a small decrease in lactate levels were observed.
Prolonged exposure to hypoxia (16 h) resulted in a new return to the initial pH, a decrease in
concentration of [HCOj] + [CO?] and a high lactate level.

The hematocrit value, the Hb concentration, and the plasma Na+, K+, Ca++ and Mg+*
ion concentration did not change significantly.
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Little is known about the blood gases
of domestic fowl, and the knowledge of
acid-base status is less complete than
that of many other domestic animals (8).
Few reports have appeared in the past
concerning the normal arterial satura
tion, arterial Po2 and Pco2 and oxygen
dissociation curve (6, 13, 15). Hel-
BACKA and CASTERLINE (10) have de
termined if a relationship exists between
acid-base status and egg quality factors.

Arterial chemoreceptors in ventilatory
adjustments to hypoxia in ducks have
been described (2, 3).

However, responses to hypoxia expo
sure are not known in domestic hen.
Thus the present study examines the
effects of hypoxia on arterial blood
gases, acid-base parameters and Cl”,
Na\ K+, Ca++ and Mg++ ion concen
tration under normoxic and hypoxic
conditions.
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Materials and Methods

Experiments were performed on 15
male of the White Rock breed weighing
1.7-2.6 kg. The birds were housed and
kept in cages under natural conditions
and photoperiod, with standard dry food
and water ad libitum. Previous to exper
iments, a plastic catheter (1 x 70 mm)
was implanted in the braquial artery.
The cannulation was carried out on ani
mal anesthetized by intramuscular injec
tion of sodium pentobarbital (50 mg/kg).
A minimum of one day was allowed for
the operated birds to recover com
pletely from surgery before experiments
started, since the injection of sodium
pentobarbital diminished the tolerance
of the animals to acute hypoxia (13).
When the cannula had been secured, 2
ml heparin solution, 10 mg/ml in saline
was injected into the artery. Pan-
Terramicin Pfizer was used to avoid
infections.

The awake animal sat in a wood box
with the head protruding through an
opening in order to prevent the bird
from removing the cannula. 100 jul of
blood was collected in a heparinized
capillary, immediately capped and
stored in ice. The experimental bird was
placed in a low pressure chamber con
structed for us, and exposed to a simu
lated altitude of 4,300 m (Pb = 450
Torr). This altitude was maintained 1/2,
1, 3 and 16 h. Blood gas tensions and
pH were measured in a IL 213
microelectrode thermostated analyzer at
42° C. Bicarbonate plus carbonate con
centration ([HCOj] + [CO|]) in plasma
was calculated with the aid of the
Henderson-Hasselbach relationship, as
suming pK’ = 6,10, and vol % dissolved
CO, = 0.0289 mmol.I1. Torr-' at 42° C.
Lactate in plasma and chloride were
measured by the enzymatic method of
HOHORST (12) and Slyke and Sendroy
method described by VlLALLONGO et
al. (22) respectively. Microhematocrit 

value and hemoglobin concentration
were determined on a small blood
sample drawn from the brachial artery.
Hemoglobin concentrations were de
termined by the cyanmethemoglobin
method (7).

Cations Na+, K+, Ca++ and Mg++
were measured by Atomic Absorption
Spectrophotometric (Perkin Elmer mod.
300).

The significance P < 0.05 of the
changes occurring after hypoxia was
tested using Student’s t test.

Results

Table I and figure 1 summarize the
results obtained during hypoxia. During
the first 30 min of hypoxia, pH and Pco2
fall and concomitantly the ventilatory
frequency increases. Simultaneously
there is a marked drop in [HCOj] +
[COj“] and a significant increase in
lactate level.

At the first hour of hypoxia an in
crease in pH can be observed, which
reflects a modification of the acid-base
balance in the direction of a respiratory
alcalosis, while Pco2 and ([HCO^] +
[COj“] decrease with respect to initial
values. During this period it is possible
to observe a significant increase in
lactate level.

Fig. 1. [F/COjj 4 [CO|] pH, lactate and CC
changes as a function of time during a stage in
hypoxia (Pb = 450 Torr) in Gallus domesticus.

Temperature 42* C.
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Fig. 2. Diagram of [HCO$ + [CO7] vs pH chan
ges in arterial blood of Gallus domesticus during

16 h hypoxia.
Calculated Pco2 isopleths are drawn on the dia
gram. Hypoxia times in hours. Vertical and hori
zontal bars represent standard error. The oblique
line represents mean buffer line (b) calculated
from two in vitro pH measurements at different
Pco2. The arrows indicate the time course of chan
ges observed in acid-base status. Temperature

42° C.

After three hours of hypoxia both
lactate and Cl" ion concentration fell
and an associated rise in [HCOj] +
[CO;] ocurred at this time. At the end
of 16 h of hypoxia the lactate concentra
tion remains higher than its reference
value and [HCOj] + [CO]] remain
lower than the level in normoxia.

The effect of such treatment on the
acid-base status of the blood is indicated
in figure 2 in which the concentration of
bicarbonate plus carbonate is plotted
against pH.

Neither hemoglobin concentration
and hematocrit nor Na+, K+, Ca++ and
Nfg++ ion concentration changed signif
icantly under hypoxia.

Discussion

Normoxic studies. The average arte
rial blood pH values in domestic fowls
were more alkaline than in most
homeotherms. These results agree with 

those of Chiodi and Terman (5) in
awake domestic hen. The Pco, values
are similar to those observed by Mor
gan and Chichester (13) but higher
than those found in a previous report
(5). The [HCOj] + [CO*] from Leg
horn hen plasma was estimated between
21-28 mEq/l(l,16).

Then mean lactate concentration was
higher than the one given by others in
domestic hen (5) and human plasma
(18).

The arterial saturation and Po2 were
slightly lower than the values reported
by Morgan and Chichester (13).
Hematocrit value agree with those cal
culated by CHIODI and Terman (5) and
Sturkie (17).
'The Na+, K+, Ca++, Mg++ and Cl"

concentration were slightly higher than
those found in the literature (9, 11, 17).

Hypoxia. Literature data about the
effects of hypoxia on acid-base status
are somewhat confusing since hypo
capnic alkalosis induced by hyperventi
lation and lactacidemia are frequently
intermingled. Results obtained in this
investigation show clearly that the
effects observed depend on the time
'at which measurements are performed.
At the onset of hypoxia, birds show a
response characterized by an initial
rise in ventilatory frequency associated
with an increase in ventilatory volume.
The increased ventilation leads to a
greater difference in CO2 tension
between the blood and the air across the
lung, that enhances the release of this
gas. This initial response seems to be
reflexly induced by the arterial chemo
receptors (2).

During the first 30 min, there is 'a
decrease in blood pH concomitant with
a drop in plasma [HCO]] + ICO7;']. This
pH compensatory mechanism occurs at
constant blood Pco, and consequently
has no ventilatory origin. It may involve
either a change in plasma ionic composi



ACID-BASE STATUS OF FOWL 415

tion or an appearance of metabolic acids
in the blood. Excess lactate is a. useful
quantifier of tissue hypoxia (4). The
reactions of a noncarbonic acid, as
lactic acid, with bicarbonate buffer pro
duces CO, that can be dissipated at the
respiratory organs. On interaction with
the blood proteins, the product HX ac
cumulates in the blood restaining further
reaction of X with H.

The drop in bicarbonate level on the
Pco,, pH diagram (fig. 2), makes it pos
sible to predict the amplitude of the
decrease attributable to the release of
lactic acid. To estimate quantitatively
the effect on blood pH of the increase
from 2.07 to 4.48 mEq/1 in lactate lev
el, a computing model suggested by
STEWART (18) has been used (table I).
Zborowska-Sluis and Dossetor (23)
showed that pH rise stimulated gly
colysis in red blood cells with an in
crease in lactate production, and the
effect of pH on arterial lactate increase
is greater than on excess lactate in the
presence of an oxygen deficit.

Results show some significant modifi
cations in plasma Cl- ion concentra
tion, suggesting the intervention of a
Cl" HCOj exchange process. The
drop in [HCOj] + [CO*] can be partial
ly compensated by a change in plasma
Cl" ion concentration, in the same way
as observed by Thomas et al. (20) in
hypocapnic conditions which lead to
similar changes in acid-base balance.

Resumen

Se determina en sangre arterial de polios (Gal
lus domesticus) las Po2 y Pco,, el pH, niveles de
lactato y concentration de Cl- en condicioncs de
normoxia e hipoxia hipobarica aguda (Pb = 450
Torr). La hipoxia provoca inicialmente un in-
cremento en la perdida del CO2 sangufneo y un
breve estado de acidosis metabolica profunda
durante el cual los niveles de lactato aumentan de
forma subita. Esta acidosis se compensa luego con 

restablecimientq del pH inicial y descenso en la
[HCO j] + [CO 5] a los 60 minutos. Poste-
rionnente aparece una alcalosis respiratoria aso-
ciada a un aumento en la[HCOj] + [COj'J. des
censo en la concentration del Cl" y ligero des
censo en los niveles de lactato. A las 16 horas de
hipoxia se observa restablecimiento del pH, des
censo en la [HCOj] + [COS’] V n'vel aun alt0 de
lactato. El valor del hematocrito. la concentration
de Hb y la concentration en plasma de Na~. K~.
Ca++ y Mg>+ no presentan cambios signifi-
cativos.
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