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ABSTRACT. The objectives of this study were to evaluate and compare the effects of intravenously (1V) administered infusion of isotonic
solution (ISB) or hypertonic sodium bicarbonate solution (HSB) on acid-base equilibrium and the plasma osmolarity in acidemic caves
experimentally induced by 5 M-NH,CI, 1V infusion (1.0 mi/kg, over 1 hr). The ISB and HSB infusion induced progressive and signif-
icant increases in their HCO5™ and BE levels that persisted throughout the period of fluid administration. The plasma osmolarity in the
ISB groups was significantly decreased. The plasma osmolarity in the HSB group was significantly higher than in the calves in the other
groups (p<0.05). 1SB solution might be safe and effective for treating and reviving conscious caves from experimentally induced met-

abolic acidosis.
key worps: calf, metabolic acidosis, sodium bicarbonate solution.

Calves suffering from severe diarrhea become dehy-
drated with metabolic acidosis , losing water, electrolytes
and bicarbonate. To correct those problems, sodium bicar-
bonate is specifically effective in cases of severe metabolic
acidosis because it has a rapid effect when given IV [5-8,
10, 11, 17]. But, rapid administration or overdose with
7.0% hypertonic NaHCO; solution (HSB) has been associ-
ated with the development of extracellular fluid hyperosmo-
larity, cerebrospinal fluid acidosis and intracranial
hemorrhage [5]. If a 1.35% isotonic NaHCO; solution
(I'SB) can restore the rehydration and acid-base equilibrium
without the risk of hyperosmolarity, it can be confidently
used to treat dehydrated calves with severe metabolic acido-
sis. The purpose of this study wasto evaluate and compare
the effects of 1V infusion of 1SB solution and 1V infusion of
an equivalent intensity of HSB on the biological parameters
of venous HCOj3", BE and plasma osmolarity in conscious
calves with experimentally induced metabolic acidosis.

All procedures were conducted under the National
Research Council Guidelines for the Care and Use of Labo-
ratory Animals (National Acadamy Press, 1996).

Eighteen healthy Holstein calves weighing of 56.3 + 9.6
kgwere used inthisstudy. All the calvesreceived 1.0 mi/kg
of 5 M-NH4CI (Conclyte-A, Yoshitomi Seiyaku Co., Ltd.,
Osaka, Japan) viaaright jugular catheter over aperiod of 1
hr to induce metabolic acidosis. The5 M-NH,CI solution
has been used clinically to correct metabolic alkalosis in
humans. The administration of NH4Cl is equivalent to
administration of HCI, because the NH,* is converted to H*
and ureain theliver [3]. The NH,CI infusion induced rena
tubular acidosis. This tubular acidosis is characterized by
hyperchloremic metabolic acidosis caused by either
decreases in HCO;™ reabsorption or defective acid excretion
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at the normal rate of glomerular filtration.

After completion of this infusion, six calves were ran-
domly assigned to each of the following groups: the control
group (no bicarbonate solution given), the ISB group (IV
infusion of 1SB) or the HSB group (IV infusion of HSB).
Fluid infusion was started at 10 min after completion of 5M-
NH.CI infusion. Regardless of the base deficit in an aci-
demic calf, the total amount of base required to normalize
the blood pH can be calculated with the acceptable formula
[2, 9, 12, 18]. In general, sodium bicarbonate should be
used for the treatment of severe acidemia (BE < —10 mM).
It has been recommended that thefirst half of the calculated
dose of sodium bicarbonate solution should be administered
rapidly [2]. Furthermore, a previous study demonstrated
that infusion volume of 1SB was 10.2 ml/kg, enough to cor-
rect the first half of the 10 mEg/| the of base deficit in aci-
demic calves[16]. In thisstudy, therefore, the calvesin the
ISB and HSB groups were given an 1V infusion of 5 mM
ISB (10.0 mi/kg) or HSB (1.9 ml/kg) via the left jugular
catheter over a 15 min period, with an infusion pump (PRS-
25, Nikkiso Co., Tokyo, Japan).

Venous blood samples were collected immediately
before (pre-acidification) and after acidification (post-acidi-
fication), and at O (baseline), 5, 10, 15, 30, 45, 60, 90, 120,
150 and 180 min after the start of infusion of either ISB or
HSB. Thetime between post-acidification and baseline was
5 min. Venous blood samples were analyzed for pH and
other blood gas concentrations with an automatic gas ana-
lyzer at 37°C (Model 248, Bayer Medical Co., Tokyo,
Japan) and for the hemoglobin concentration and hematocrit
value (MEK-6248, Nihon Koden Co., Tokyo, Japan). The
pH and gas values were automatically corrected to reflect
each calf’srectal temperature. The changesin the rPV were
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calculated from the hemoglobin concentrations and hemat-
ocrit values, by using accepted formulas [4,14]. The plas-
mas were separated after being centrifuged from other blood
specimens, and were stored at —20°C until the measurement
of plasma osmolarity (One-Ten Osmometer, Fiske Co., Nor-
wood, MA, U.SA)).

The data are expressed as the means + the standard devi-
ation. The effects of acidification pre- and post-acidifica-
tion were analyzed with the paired t-test. Data were also
examined by repeated-measures analysis of variance. The
variables included in the model were time, fluid infusion,
and interaction of time and fluid infusion. The significance
level was at P<0.05.

The pre-acidification values for the venous pH, HCOs",
base excess (BE) and tota carbon dioxide (ctCO,) concen-
trations were 7.427 + 0.019, 28.2+ 2.1 mM, 3.1+ 1.7 mM
and 29.1+ 2.7 mM, respectively. The acidification induced
significant decreases in the venous pH (7.181 + 0.094,
p<0.001), the HCO;™ (11.9 + 2.1 mM, p< 0.001), the BE
(-15.7 £ 2.8 mM, p< 0.001) and the ctCO, (12.9+ 2.2 mM,
p<0.001) at completion of the 5 M-NH4CI 1V infusion. All
the calves were hypovolemic after the 5SM-NH,4CI infusion,
asverified by adecreaseintheir rPV. The meandecreasein
therPV was 25.2 + 9.9%.

The infusion of 1SB and HSB induced progressive and
significant increases in pH persisted throughout the experi-
mental period (p<0.001, Fig. 1). The pH, and BE, HCO;~
and ctCO, concentrations in the control group remained
constant during the infusion period (Figs. 1, 2). InthelSB
and HSB groups, the HCO5~, BE and ctCO, levels after the
infusion progressively and significantly increased until the
completion of the fluid infusion (p<0.001), but no signifi-
cant differences were detected in the concentrations
between the 1SB and HSB treatment groups. The adminis-
tration of HCO3", ISB or HSB to calves with severe meta-
bolic acidosis can effectively improve their acid-base
disorder. No significant differences were observed in the
values of acid-base equilibrium parameters between calves
in the ISB and HSB groups.

Sequential changes in the rPV and plasma osmolarity
were monitored in calves with metabolic acidosis (Fig. 3).
The rPV values in the control and HSB groups increased
slightly and then restored to the respective pre-treatment
values at 120 min after the start of fluid infusion. In con-
trast, the rPV in the ISB group increased significantly,
exceeded the pre-acidification levels and was significantly
greater than that in the other groups (p<0.001). The 5 M-
NH,Cl infusion significantly increased the plasma osmolar-
ity from the pre-treatment value of 287.8 + 4.1 to a post-
treatment value of 310.5 + 9.5 mOsmol/l (p<0.001). The
plasma osmolaritiesin the control and |SB groups were sig-
nificantly decreased (p<0.001). The plasma osmolarity in
the HSB group was significantly higher than those in the
other treatment groups (p<0.001).

Sodium bicarbonate solution is the alkalizing agent of
choicefor veterinary practitioner and is most often used asa
7.0% hypertonic solution that is commercialy available in
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Fig. 1. Graphs depicting the venous pH in caves with metabolic

acidosis given isotonic or hypotonic sodium bicarbonate solu-
tion. Control, not given bicarbonate solution: HSB, IV infusion
of 7.0% sodium bicarbonate solutions: ISB, IV infusion of
1.35% sodium bicarbonate solution. Levels of significance
(p<0.05) areindicated as. a, control versus HSB: b, control ver-
sus ISB: and ¢, HSB versus |SB.

350 r -& control
7 HSB 2
30.0 A ISB ®
E 25.0 }
£
'» 20.0
=]
O
T 150
10.0 |
5.0
10.0 p - control
7 HSB 2
_ 50} % & ISB b
=
E ool
]
o
o -50¢4
» 7
w ,, R~
Y 100t §
] 7.
m
-“15.0 )
-20.0
Iinﬁlsinn
o ebdd bt . . M :
¢H% 05 1530 45 60 90 120 150 180
o 8_ Time after the start
of fluid administration (min)
Fig. 2. Graphs depicting the venous ionized bicarbonate (HCO5")

and base excess (BE) concentrations in calves with metabolic
acidosis given isotonic or hypertonic sodium bicarbonate solu-
tion. SeeFig. 1 for key.
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Fig.3. Graphs depicting the relative plasma volume (rPV) and

plasma osmolarity in calves with metabolic acidosis given iso-
tonic or hypertonic sodium bicarbonate solution. See Fig. 1 for
key.

Japan. The beneficid restoring effects of hypertonic solu-
tions such as 7.2% hypertonic saline solution and HSB are
primarily dueto rapid plasmavolume expansion [1, 14, 15].
These responses are produced by an increase in the plasma
osmolarity of 30 to 150 mOsmol/l [14]. Nevertheless, rapid
administration or an overdose of hypertonic solution has
been reported to be associated with extracellular fluid
hyperosmolarity, CSF acidosis and intracranial hemorrhage
[5]. An abrupt changein the osmolarity can lead to cerebral
hemorrhage due to large oscillations in the concentration of
electrolytes, and the water and acid-base status[5]. Inapre-
vious study [13], IV infusion of 5, 10 and 15 mi/kg of 1SB
over 30 min did not induce any abnormal clinical signs, and
the increases in central venous pressure were less than 1.5
mmHg. In addition, the effects of 1SB infusion on respira-
tory and cardiovascular systems were minimal [13]. In this
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study, however, the plasma osmolarity in the HSB group
was significantly higher than that in the other treatment
groups. Therefore, the rapid infusion of 1SB may be more
beneficial and saf ethan rapid infusion of HSB, for treatment
of calves and correction of their metabolic acidosis.

The findings of this study indicated that 1SB could be
used to correct severe metabolic acidosis, without signifi-
cant risk of hyperosomolarity in diarrheic calves. There-
fore, thelV infusion of | SB should be evaluated further asa
treatment for dehydration and severe metabolic acidemia
that develops naturally in calves. Additional research is
necessary before definitive recommendations can be made
regarding the optimal usefor the treatment of this condition.
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