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Sodium bicarbonate as prevention of metabolic acidosis in
sheep submitted to experimental ruminal acidosis!
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ABSTRACT.- Laskoski L.M., Muraro L.S., Santana Junior M.S., Carvalho M.B.,, Freitas S.H., D6-
ria R.G.S., Santos M.D. & Locatelli Dittrich R. 2014. Sodium bicarbonate as prevention of
metabolic acidosis in sheep submitted to experimental ruminal acidosis. Pesquisa Ve-
terindria Brasileira 34(9):822-826. Programa de Pés-Graduacdo em Ciéncias Veterindrias,
Universidade Federal do Parang, Campus Curitiba, Rua dos Funcionarios 1540, Curitiba, PR
83035-050, Brazil. E-mail: luci.laskoski@gmail.com

The aim of this study was to evaluate the preventive effect of sodium bicarbonate on
systemic acidosis due to ruminal acidosis, which was induced by ingestion of concentrate
after prolonged fasting. Fourteen sheep were divided into three experimental groups:
control group (Cg), with four sheep, submitted to fasting without development of ruminal
acidosis; no-treated group (NTg), with five sheep with rumen acidosis without preventive
treatment; and treated group (Tg), with five sheep with rumen acidosis and preventively
treated with sodium bicarbonate. Assessments of ruminal pH and arterial hemogasometry
were performed for 48 hours after ingestion of the concentrate. There was a reduction
in the ruminal pH in all groups, whereas the Cg showed a reduction only after 24 hours.
A reduction in the arterial pH, bicarbonate and base excess in all groups was also noted,
indicating systemic metabolic acidosis, but the NTg presented the greatest alteration. It
is concluded that sodium bicarbonate prevents systemic metabolic acidosis, reducing its
severity in sheep subjected to ruminal acidosis.

INDEX TERMS: Sodium bicarbonate, lactic ruminal acidosis, systemic metabolic acidosis, buffering,

hemogasometry, sheep.

RESUMO.- [Bicarbonato de sédio como preventivo da
acidose metabdlica em ovinos submetidos a acidose
ruminal experimental.] O objetivo deste estudo foi avaliar
o efeito preventivo do bicarbonato de sddio sobre a acido-
se sistémica em decorréncia da acidose ruminal, a qual foi
induzida pelo fornecimento de concentrado apds jejum
prolongado. Foram utilizados 14 ovinos, divididos em trés
grupos experimentais: grupo controle (Cg), contendo quatro
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ovinos, submetidos a jejum sem desenvolvimento de acido-
se ruminal; grupo nao tratado (NTg), contendo cinco ovinos
submetidos a acidose ruminal sem tratamento preventivo;
e grupo tratado (Tg), contendo cinco ovinos, submetidos a
acidose ruminal e tratados preventivamente com bicarbo-
nato de sédio. Foram realizadas avaliagdes do pH ruminal e
hemogasometria arterial, durante 48 horas ap6s o forneci-
mento do concentrado. Houve redugio do pH ruminal em to-
dos os grupos, sendo que o Cg apresentou a redu¢do apenas
as 24 horas. Notou-se reducdo do pH arterial, bicarbonato e
excesso de base em todos os grupos, indicando acidose me-
tabolica sistémica; no entanto, o NTg apresentou o quadro
mais grave. Conclui-se que o bicarbonato de sédio possui
efeito preventivo da acidose metabdlica sistémica, reduzin-
do a sua gravidade em ovinos submetidos a acidose ruminal.

TERMOS DE INDEXACAO: Bicarbonato de sédio, acidose lactica
ruminal, acidose metabdlica sistémica, tamponantes, hemogaso-
metria, ovelhas.
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INTRODUCTION

Systemic metabolic acidosis is characterized by reduced
concentrations of bicarbonate in the blood, either by the
reduced ion excretion or increased use as acid buffer (Lahi-
riet al. 1981, Sobiech et al. 2005). A major cause of meta-
bolic acidosis in ruminants is the ruminal acidosis, which
affects dairy and beef cattle, sheep and goats (Patra et al.
1993). Ruminal lactic acidosis occurs because of the fast
degradation of substances rich in carbohydrates (Slyter
1976), normally supplied as grains in excess, leading to
an imbalance in the proportion of bacteria able to meta-
bolize lactate, such as Megasphaera elsdenii, Selenomonas
ruminantum and Veillonella alcalescens, and an increased
number of producing bacteria, such as Streptococcus Bo-
vis and Lactobacillus spp. (Miranda Neto et al. 2005). The
degradation of carbohydrates produces lactic acid that is
absorbed and reduces the blood pH, which can be fatal (Or-
tolani 2003). The damage of the pH reduction to the rumi-
nal mucosa allows fluid from the bloodstream to enter the
rumen, causing severe dehydration (Aschenbach & Gabel
2000), worsening metabolic acidosis (Braun et al. 1992).

The ruminant animal has a complex system of acid-base
regulation. Increasing levels of dietary fiber can increase
the buffering capacity of the rumen due to the stimulation
of saliva production (Kohn & Dunlop 1998). However, in
situations requiring high levels of concentrates, such as in-
tensive animal farming, these adjustments are more diffi-
cult to be made, and the use of pH buffer additives becomes
necessary (Erdman 1988).

Sodium bicarbonate (NaHCO3) is a weak base that bu-
ffers the hydrogen ions (Ha et al. 1983) and is used in rumi-
nant diets to increase ruminal pH (Kezar & Church 1979).
In order to balance the ratios of bacteria, the ruminal pH
should be above 5.5 (Nagaraja & Taylor 1987). Kezar &
Church (1979) claim that sodium bicarbonate provided in
the diet increases ruminal pH and prevents the damage of
the rumen epithelium caused by rumen lactic acidosis. Ho-
wever, these results differ in literature and current buffer
researches seek to identify the largest voluntary intake by
animals suffering from acute or subacute ruminal acidosis
(Erdeman 1988, Phy & Provenza 1998, Cottee et al. 2004),
since it has been very effective on the treatment of acute ru-
minal lactic acidosis (Oliveira et al. 2009, Aslan et al. 1995),
when the disease has already occurred. Despite being lar-
gely used as a preventive, the buffering effects are being
researched in combination with other substances, such as
magnesium oxide (Golder et al. 2014).

Whereas high productivity in ruminants is linked to
high carbohydrate intake, which results in increased inci-
dence of ruminal lactic acidosis, the aim of this study was
to evaluate the effectiveness of sodium bicarbonate in the
prevention of metabolic acidosis in sheep undergoing ex-
perimental rumen acidosis, through the supply of concen-
trate after prolonged fasting.

MATERIALS AND METHODS

The study was approved by the Research Ethics Committee (Co-
mité de Etica em Pesquisa - CEP/UNIC), register number 156, pro-
tocol 2010-153.

Animals. We used 14 crossbred Santa Inés sheep, 2-3 years
old and weighing 28-34 kilograms, not pregnant and vermifuged.
The animals received coast cross hay and a commercial concen-
trate for sheep. In order to collect samples of rumen fluid, ruminal
cannulae were implanted. The animals were randomly divided
into three groups: control group (Cg), with four animals, fasted
for 48 hours, without induction of ruminal lactic acidosis; no-tre-
ated group (NTg), with five animals, fasted for 48 hours and with
induction of ruminal lactic acidosis without treatment; treated
group (Tg), with five animals, fasted for 48 hours, with induction
of ruminal lactic acidosis and preventively treated with sodium
bicarbonate.

Implantation of ruminal cannula. The procedure was per-
formed with animals fasted for 24 hours, sedated with xylazine
2%, infiltrative local anesthesia with lidocaine (left abdominal
wall) and fixation of the cannula on the rumen wall (Reichert
Neto 1996). After the procedure, the animals were treated with
enrofloxacin (5mg/kg, SID) for seven days, flunixin meglumine
(1.1mg/kg, SID) for three days and the wound was daily cleaned
until complete healing.

Diet. After the healing of the implanted rumen cannula, the
animals received forage, about 600 grams per animal per day for
two weeks. Subsequently, the animals went through a gradual ru-
men adaptation to the concentrate, in a total period of 15 days,
until the maximum amount of 600 grams per animal per day, divi-
ded into two meals, was reached. The animals in the treated group
received 60 grams of sodium bicarbonate per animal per day (1%
of the dry matter), supplied with the concentrate. The adaptation
to the concentrate, with or without sodium bicarbonate was per-
formed 30 days prior to the induction of ruminal lactic acidosis.

Induction of ruminal lactic acidosis. The ruminal acidosis was
induced in sheep of the treated (Tg) and no-treated (NTg) expe-
rimental groups through the ingestion of concentrate after a pe-
riod of 48 hours fasting with no water restriction. The amount of
concentrate supplied to the induction was the same as used on a
daily meal of 300 grams per animal. In the treated group, we used
the same amount of concentrate with the addition of 30 grams of
sodium bicarbonate per animal. The food was provided for oral
intake and administered via rumen cannula, as needed, not exce-
eding the 10-minute intake time for all animals. After this period,
animals received forage ad libitum until the end of the observa-
tion (48 hours).

The control sheep were not induced to rumen lactic acidosis.
They fasted for 48 hours and after this period, they received fora-
ge ad libitum. After the last evaluation (48 hours), animals were
treated with replacement of rumen fauna (transfaunation) by ad-
ministering rumen contents of fistulated sheep, not used in this
study.

Samples collection. Samples of ruminal fluid and arterial
blood of animals from all groups were collected in nine different
times: basal (before fasting); time zero (after fasting and before
the supply of food), 4 hours, 8 hours, 12 hours, 16 hours, 24 hours,
36 hours and 48 hours after food intake.

Ruminal pH. Samples of ruminal fluid were collected by me-
ans of a surgical aspirator inserted via ruminal fistula, and the
pH of the contents was evaluated by a bench pH meter (Quimis,
Q400MT).

Hemogasometry. The blood for hemogasometric evaluation
was collected of the auricular artery, through a puncture and he-
parinized capillary tubes, which were immediately inserted into
the hemogasometer (Roche, Cobas B 121). Blood pH, base excess
(BE), and bicarbonate were analyzed.

Statistics. The Shapiro Wilk test was applied to assess the
normality pattern of results. The results of ruminal pH, plasma
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bicarbonate and base excess were within normal limits, making it
possible to use the analysis of variance - ANOVA, and evaluation
of means by Fisher’s exact test. For the arterial pH, parametric re-
sult, we performed the assessment with the Kruskal Wallis test
between groups and between times; and to compare means, we
also used the Fisher’s exact test, considering p<0.05 for all.

RESULTS

Inspection of animals

The animals of the NTg and Tg groups presented depres-
sion, appetite loss with reduction of rumination at 8 hours
after ingestion of the concentrate, remaining until the end
of the experimental period. Three animals had diarrhea,
one of the Tg and two of the NTg. There were no changes
in the Cg animals.

Ruminal pH

After fasting for 48 hours, there was an increase in the
ruminal pH of the Cg and NTg, when compared to the Tg.
Four hours after food intake, the NTg returned to the ba-
sal value, but the Cg maintained its high values, which only
reduced to the basal value at eight hours. Moreover, at this
time, there was a reduction in the ruminal pH of the NTg
and Tg groups, with no difference between them, remai-
ning below the Cg until 16 hours. At 24 hours, the NTg had
a lower pH than the Cg. In the moments 36 and 48 hours,
the values of the Tg and NTg groups did not differ from the
Cg, and from the basal value of each group (Fig.1).

Hemogasometry

The NTg had its arterial blood pH decreased at eight
hours after ingestion of the concentrate when related to
time zero. However, the reduction was below the Tg only af-
ter twelve hours, remaining below until the end of the eva-
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luations. The most critical moment was at 36 hours, with
a pH reduction in all groups, and the lowest value was in
the NTg, with a mean of 7.26, indicating metabolic acidosis.
With exception of this time, the Cg did not differ from the
other groups (Fig.1).

Regarding the base excess, the Cg had a reduction 8
hours after fasting and remained low until the end of the
experiment. The reduction in the NTg occurred after 4
hours, remaining reduced until the end. For the Tg, reduc-
tion occurred only at 8 and 24 hours after fasting (Fig.1).

There was a reduction of bicarbonate in the Cg animals
after four hours of forage ingestion, remaining low until the
end of the experiment. In the NTg, the reduction occurred
at eight hours after ingestion of the concentrate and remai-
ned low until the end. For the Tg the reduction occurred
between 16 and 36 hours, returning to zero at 48 hours.
The NTg had the lowest values at 16 and 36 hours (Figure
1). No significant changes in PO,, PCO,, SO, were observed.

DISCUSSION

The model for the induction of ruminal lactic acidosis used
in this study aimed to simulate a condition that occurs na-
turally, secondary to carbohydrate intake after fasting. This
model was effective in causing ruminal acidosis, observed
through the manifestation of classic acidosis clinical signs,
such as reduced food intake, rumination, depression and
diarrhea, and in particular by reducing the ruminal pH.
The control group used in this study was of fundamental
importance, since it demonstrated changes due to fasting,
which can aggravate ruminal acidosis, persisting even on
the second day after feeding. The increase in ruminal pH
after fasting was observed by Bond et al. (1975) and Galye-
an et al. (1981), and occurs mainly by the reduction of acid
production as well as the increased absorption of these, be-
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Fig.1. Ruminal pH, arterial pH, base excess and plasmatic bicarbonate of each experimental group and moments.
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sides the constant saliva secretion, which is highly alkaline.
However, these studies have not reported the implication
of fasting on the systemic condition of the animal, resulting
in reduced blood pH, bicarbonate and base excess. Accor-
ding to Dunlop (1972), the absorption of lactic acid occurs
most frequently not only in situations of low ruminal pH,
but also during the ruminal stasis observed in the absence
of food intake, which could explain the metabolic acidosis
observed in the control group.

Barreto Junior et al. (2008) demonstrated that higher
concentrations of lactic acid, observed in lactic acidosis
caused by sucrose administration in cattle, occur at about
nine hours after the induction, associated with more pro-
nounced reduction in ruminal pH. Similarly, in this study,
the reductions in ruminal pH were observed at eight hours
in animals of the NTg and Tg groups, remaining reduced
until 36 hours. Afonso et al. (2002), using an experimen-
tal model with sucrose in sheep, had the lowest ruminal
pH at about 24 hours after the induction, similar to what
occurred in this study with the control group subjected to
prolonged fasting.

The use of buffers in ruminant feeds is frequent, often
using sodium bicarbonate and ionophores, such as monen-
sin and salinomycin. Ortolani et al. (2010) observed an in-
crease in the ruminal pH in sheep treated with monensin
and subjected to ruminal acidosis. However, Miranda Neto
etal. (2011), using sheep that underwent rumen lactic aci-
dosis by administration of sucrose, observed that monen-
sin was unable to control the ruminal pH in the animals,
similar to the findings observed in this study, since the bi-
carbonate was unable to control the reduction of the rumi-
nal pH. Salinomycin was also not effective in the prevention
of acidosis by the administration of sucrose in sheep, but it
minimized its adverse effects (Camara et al. 2013).

It is suggested that the increase in ruminal pH after
fasting occurs due to continuous absorption of previously
produced acids as well as the buffer caused by increased
production of saliva. Unlike the Cg and NTg groups, which
showed an increase in ruminal pH after fasting of 48 hours,
the Tg presented no change in the pH value at this time,
contrary to the expected, since the bicarbonate raises the
pH of the solutions. This result may indicate a beneficial
effect such as enhanced stability of the rumen content,
compared to the reduction of food intake for a period of
two days, as may happen in transport situations.

Considering the hemogasometry results, this experi-
mental model produced a reduction of the blood pH at ei-
ght hours after induction of acidosis. Barreto Junior et al.
(2008) observed a reduced blood pH only after 12 hours
of acidosis induction with sucrose. In the study of Ortolani
et al. (2010), in Gir and Jersey cattle after induction of ru-
minal lactic acidosis with sucrose, monensin was not able
to maintain blood pH in animals after induction of acidosis.
In the present study, the bicarbonate could not control the
reduction in ruminal pH, but had a buffering effect on the
lactic acid absorbed from the rumen, as the treated animals
had the arterial pH decreased only 36 hours after the con-
centrate intake, and this value was not different from that
in the control group. It is suggested that the pH reduction

occurred at this time as a result of the fasting, and not by
acidosis per se. Apparently, the effects of monensin and bi-
carbonate differ, because monensin appears to have a grea-
ter role in the prevention of ruminal pH control, having no
effects on the metabolic balance, other than bicarbonate,
which acted by preventing metabolic acidosis, despite its
little effect on the ruminal pH. Afonso et al. (2002) also ob-
served this result, when the monensin sodium was not able
to prevent metabolic acidosis in sheep with ruminal lactic
acidosis, secondary to administration of sucrose.

The plasma bicarbonate of the Tg group decreased only
three times, at 16, 24 and 36 hours, and it exceeded the va-
lue of the NTg at 16 hours, no differing from the Cg at any
time. Even subjected to ruminal acidosis, treated animals
returned to the plasma bicarbonate zero value at the end of
the experiment, suggesting that its use preventively redu-
ced the severity of metabolic acidosis secondary to ruminal
acidosis and prolonged fasting.

The base excess (BE) is interpreted as a deviation in the
normal bicarbonate concentration, and for an animal with
metabolic acidosis it indicates the amount of bicarbonate
required to correct the acid-base balance (Patraet al. 1993,
Sobiech et al. 2005). It is observed that the Tg presented
higher BE values than the NTg at 16 hours, and all groups
showed the greatest reduction at 24 hours, when the plas-
ma bicarbonate and arterial pH also reduced significantly.
The result of the Tg differs from the NTg, which decreased
its BE at all times after induction of acidosis, and does not
differ of the Cg at any time. Cg animals showed a BE reduc-
tion from 8 hours to 48 hours, demonstrating the occurren-
ce of metabolic acidosis because of fasting.

In the study by Afonso et al. (2005), sheep receiving
monensin as prevention to ruminal acidosis showed no he-
mogasometric difference. Moreover, in this study, changes
were observed when comparing the different experimen-
tal groups, such as elevation of plasma bicarbonate and BE,
which indicates more efficient buffer mechanisms with the
use of sodium bicarbonate for the blood pH control and the
restoration of the hemodynamic balance. Until now, studies
with bicarbonate had not shown efficacy in the prevention
of experimentally induced acidosis (Erdman 1988), being
used in the treatment of acute (Aslan et al. 1995, Kezar &
Chuch 1979) or subacute illness (Hu & Murphy 2005). Ho-
wever, this study provides results indicating a beneficial
effect of bicarbonate on acid-base imbalances caused by
acidosis and by prolonged fasting.

The preventive treatment with sodium bicarbonate
was able to attenuate metabolic acidosis secondary to ru-
minal acidosis and prolonged fasting, elevating the blood
pH, plasma bicarbonate and base excess; however, it had no
effect on the reduction of the ruminal pH.
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