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ABSTRACT: Six adult Holstein cows were used in this fluid therapy study. All animals were previously submitted to 24 hours of water and
food abstaining period and submitted to both hydration treatments for eight hours in a crossover design 6x2. Two treatments with hypotonic
solutions (190 mOsm/L) with low strong ion difference and different chloride concentrations solutions were executed. Physical, biochemical,
blood gas analysis and urinary evaluation were executed in five different experimental times (T-24h, TOh, T4h, T8h e T24h). The hydration
period caused plasmatic volume expansion. An increase in faeces humidity, excretion of Na* and CI in urine, reduction of PCV, osmolarity,
blood and urinary pH was observed. Both solutions can be used for fluid therapy for adult cattle and solution containing calcium chloride
(SECaCl) was the most suitable for use in animals with hypochloraemia.
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Comparaciao de duas solucdes enterais com diferentes concentracoes de cloreto administradas por
via nasorruminal para hidratacio em bovinos adultos

RESUMO: Seis vacas holandesas adultas foram utilizadas neste estudo de hidratagdo. Todos os animais foram submetidos previamente a
24 horas de jejum hidrico e alimentar e submetidos a ambos os tratamentos de hidratagdo por oito horas, em delineamento transversal 6x2.
Foram realizados dois tratamentos com solug¢ées hipoténicas balanceadas (190 mOsm/L) com diferentes concentragées de cloretos. Foram
realizadas avaliagées fisicas, bioquimicas, hemogasometria e avaliagdo urindria em cinco diferentes tempos experimentais (T-24h, TOh, T4h,
T8h e T24h). O periodo de hidrata¢do causou expansdo de volume plamatico. Foi observado aumento da umidade das fezes e da excre¢do de
Na" e CI na urina, redugdo do volume globular, osmolaridade, pH sangiiineo e pH urindrio. Ambas as solu¢ées podem ser

usadas para hidrata¢ao de bovinos adultos, sendo a solugdo que contém cloreto de cdlcio (SECaCl) a mais indicada para o uso em animais
com hipocloremia.

Palavras-chave: analises bioquimicas, cloreto de cdlcio, eletrélitos, hemogasometria.

INTRODUCTION

Metabolic alkalosis is the main acid-base
disturbance reported in adult cattle and is caused
by prolonged fasting periods and dehydration
(ROUSSEL, 2014). In moderately dehydrated
animals, metabolic alkalosis occurs because the
tubular cells cannot eliminate the excess bicarbonate
ions into the lumen (LUKE & GALLA, 2012).

Irrespective of the cause, fluid therapy
should be used for the correction of dehydration and
acid-base imbalances (CONSTABLE, 2003a). This
therapy re-establishes the cardiac output and improves
tissue perfusion. In adult cattle, enteral fluid therapy is
an effective route, and is performed by administering

solutions using an oro-ruminal or naso-ruminal tube
(RIBEIRO FILHO et al., 2011). This route is used
often because it is easy to execute, does not require
sterile solutions, costs little, and allows deposition
of large amounts of solution directly into the rumen.
The direct deposition of fluids into the rumen can be
used as a reservoir for cattle (CONSTABLE, 2003a;
RIBEIRO FILHO et al., 2011).

To prevent the stress caused by successive
tube passages, the naso-ruminal route in continuous
flow can be used in fluid therapy for long periods,
causing minimal discomfort, and allowing animals
to eat and drink during the administration of fluid
therapy. This route was successfully used in many
animals such as cattle (RIBEIRO FILHO et al.,
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2011; ERMITA et al., 2018) and horses (AVANZA
et al., 2009). In dairy cattle, metabolic alkalosis
can cause many undesirable effects, like puerperal
hypocalcaemia, which happens often in the transition
period (MARTIN-TERESO & MARTENS, 2014).
Metabolic alkalosis causes areduction of the osteoclast
activity, leading to a low ionic calcium output in the
bloodstream (BUSHINSKY, 1996), it also increases
the calcium affinity to its binding proteins, reducing
ionic calcium bioavailability and thus aggravating
hypocalcaemia (KLINE et al., 2005).

The aim of this study was to evaluate the
effects of two differently solutions with different
chloride concentrations, administered via naso-
ruminal route in a continuous flow over eight hours in
adult dairy cattle, subjected to 24 hours of abstinence
from water and food.

MATERIALS AND METHODS

The study included six adult pasture-
fed Holstein half-breed dairy cows. All cows were
multiparous, not pregnant, in the dry period, with a
mean age of five years, with mean weigh 0f453.8+17.3
kg and healthy. Cows were housed in large bays with
shavings beds and fresh water ad libitum. They were
fed with a chopped grass ad libitum (Pennisetum
purpureum) and ration (1 kg /animal) twice a day. A
cross-over 6 x 2 design was adopted for this study.
All animals were subjected to both treatments, with
a seven-day interval between treatments. Two enteral
solutions were proposed as treatments to correct
dehydration and cause mild metabolic acidification:
a solution with calcium acetate (SCaAc) containing 4
g of sodium chloride, 1 g of potassium chloride, 0.5 g
of magnesium chloride, and 2 g of calcium acetate in
1000 mL of water (Osmolarity=190 mOsm/L); while
the solution with calcium chloride (SCaCl,) contained
4 g of sodium chloride, 1 g of potassium chloride, 0.5
g of magnesium chloride and 2 g of calcium chloride
in 1000 mL of water (Osmolarity=194 mOsm/L).

The experimental procedure began with a
fasting period of 24 hours, with abstinence from both
water and food, to promote mild dehydration in the
animals (T=-24 h). After 24 hours (T=0 h), a naso-
ruminal tube, 2 m in length and 10 mm in diameter,
connected to a gallon with 20 L of solution, was
introduced. The fluid therapy in continuous flow was
set at a speed of 15 mL/kg/hour (RIBEIRO FILHO et
al., 2011). After eight hours of fluid therapy (T=8 h),
the treatment was stopped, and the animals were fed
and watered ad libitum.

We measured physical parameters and
collected samples for laboratory analysis at the
following times: T = -24 h (before the fasting period),

T = 0 h (start of the fluid therapy), T = 4 h (after
four hours of treatment), T = 8 h (after eight hours
of treatment, end of the treatment) and T =24 h (16
hours after the end of the treatments, and 24 hours
after the beginning of the fluid therapy).

Blood samples were collected from the
jugular external vessel, to evaluate biochemical and
blood gas analyser profiles, using 21 G needles. The
blood was stored in tubes without anti-coagulant,
fluoride/EDTA containing tubes were used for plasma
obtainment, and lithium heparin syringes were used
for collecting samples for blood gas analysis. Manual
technique packed cell volume (PCV), osmolarity
(OSM), sodium (Na®), chloride (Cl"), potassium (K*),
total calcium (tCa%"), magnesium (Mg?"), glucose
(GLU), lactate (LAC), urea (URE), creatinine (CRE),
pH, carbon dioxide pressure (pCO,), bicarbonate
(HCO;,), and base excess (BE) were measured. Urine
was collected by perineal massage, measuring the
urinary volume (UV), in T=4 h and T = 8 h, and
samples were collected in all times to evaluate urinary
pH (pH,,), specific gravity (SG) on refractometer,
urinary sodium (Na,; ), potassium (K ), and chloride
(Cl1,,,). Faeces were collected directly from the rectal
ampulla, weighed and dehydrated in a kiln to calculate
the humidity percentage (FHP).

The biochemical wurinary and serum
analyses were performed using an automatic
biochemistry analyser (HumaStar300 - ©2017 InVitro
Diagnostica), a flame spectrophotometer for Na* and
K" (BFC-300 - Benfer®) and an osmometer (Model
3320° - Advanced Instruments). The blood gas
analysis were evaluated using an OMNI C (° 2018
Roche Diagnostica Brasil Ltda) hemogasometer
and the urinary pH was evaluated using a portable
pHmeter (Kasvi®, model K39-0014P).

Descriptive ~ statistical — analysis  was
performed on all data. Normality was evaluated by
Shapiro-Wilk’s test. Sphericity was evaluated by
Mauchly’s test. When normality and sphericity were
confirmed, factorial repeated measures ANOVA was
used. Tukey’s post-hoc test was used when statistical
significance was reported in the ANOVA test. All
analyses were performed with SPSS Statistics 20
(IBM — SPSS, Chicago), and P-values less than 0.05
were considered significant.

RESULTS

Results for physical parameters and
biochemical profiles, for electrolyte values,
hemogasometry parameters and urinary data are
shown in table 1, table 2 and table 3.
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DISCUSSION

None of the animals showed any sign
of stress due to the fluid therapy technique, and
no alterations were observed in the basic physical
parameters (RADOSTITS et al., 2007).This confirmed
that this technique is less stressful than parenteral fluid
therapy, allowing the animals to behave normally
during the procedure (RIBEIRO FILHO et al., 2011).

The FHP (Table 1) is a good indicator of
the hydration of the gastrointestinal tract. With the
deprivation of water for 24 hours, the animals used of
the water inside the rumen and intestines, showing the
importance of these compartments to the homeostasis
of ruminants (CONSTABLE, 2003a). With the
enteral fluid therapy by continuous flow for eight
hours, the FHP increased, showing the effectiveness
of the therapy in increasing the humidity inside the
intestinal compartment. The highest FHP values
occurred at T = 24 h, demonstrating the role of the
rumen as a reservoir providing water to the animals
for long periods. In this study, the PCV values (Table
1) directly showed the effects of the therapy on the
blood stream (RIBEIRO FILHO et al., 2011). The
speed of 15 mL/kg/h in continuous flow for eight

hours (T = 8 h) via the enteral route was able to
cause volemic expansion in adult dairy cattle. OSM
alterations are shown in table 1. The fasting period
was enough to increase the values at T = 0 h. Initial
values were only recovered at T = 24 h. Considering
how OSM modulates water reabsorption (HALL,
2011), the results showed stability and control of this
component by these animals, who use it as a tool to
regulate water losses and absorption. Again, the rumen
acts as a reservoir of water, maintaining hydration for
long times and avoiding fast volume expansions of
bloodstream, thus allowing the organism to slowly
adapt to change.

GLU and LAC levels are shown in table 1.
The GLU levels did not vary, even though no glucose
precursors were added to the solutions. This finding is
explained by the use of other routes of glycogenesis,
such as fatty acid, glycerol, and amino acid metabolic
pathways for glucose production (KOZLOSKI, 2011).
LAC levels were low in the SCaCl2 group, but still
within the limits for healthy bovines (KANEKO et
al., 2008). Levels of CRE and URE, good markers of
hydration and kidney function (KANEKO et al, 2008),
are shown in table 1. The dehydration period (T =
-24h) was not intense enough to cause an increase in

Table 1 - Physical and biochemical parameters of cows submitted to treatment with acidifying solutions: Faeces humidity (FHP - % of
water), packed cell volume (PCV - %), osmolarity (OSM — mOsm/L), glucose (GLU — mg/dL), lactate (LAC — mg/dL),
creatinine (CRE — mg/dL), urea (URE — mg/dL), specific gravity (SG — g/dL) and urinary volume (UV —L).

Treatment T=-24h T=0h
— SCaAc 85.0+1.6° 80.8+1.1°
SCaCl, 83.9+1.4% 81.1+2.7>
— SCaAc 28.2+45.0° 28.0+4.1°*
SCaCl, 27.542.7° 28.8+4.2
OSM SCaAc 280.3+5.2° 290.2+5.3
SCaCl, 283.0+4.9° 288.0+5.7*
SCaAc 67.2+8.0 67.9+11.9
GLU
SCaCl, 68.3+2.1 68.0+9.1
LAC SCaAc 7.2:&15? 6.511.42
SCaCl, 6.7+1.0 6.5+3.3
SCaAc 0.9+0.2 1.0£0.2
CRE SCaCl, 1.0+0.2 1.1+0.3
URE SCaAc 26.9+10.6° 38.4+13.5°
SCaCl, 24.5+10.0° 41.2+10.3°
@ SCaAc 1040.0+11.3 1042.0+2.8
SCaCl2 1036.0+7.7% 1045.0+7.1%
SCaAc - -
uv SCaCl, ; -

Means followed by different lowercase letters on the same line and different capitals in the same column differ from each other (P<0.05).

T=4h T=8h T=24h
82.84+1.9% 84.1+1.7° 86.2+£3.2%
82.2+0.9¢ 83.1+1.4% 85.6+1.2°
27.142.3% 25.143.9° 27.0+4.1
27.1£2.4 25.6+3.3° 27.542.4%
289.5+5.1° 288.3+2.9" 282.843.1°
289.7+5.6" 291.0+2.4° 284.0+3.2°
66.3+9.1 62.9+10.8 73.8+4.5
65.549.2 66.2+7.0 72.6+3.7
5.5+1.44 7.3+2.1% 6.2+0.4%
7.0+2.84 6.2+2.38 5.3+0.5"
1.0+0.2 1.0+0.3 0.9+0.2
1.0+0.3 1.140.2 0.9+0.4
37.5£10.0 36.2+7.9 22.3+9.6°
36.8+13.5% 36.6+9.6° 20.249.6°
1032.0+14.8 1006.0+2.8 1030.0+5.7
1039.0+1.4* 1006.5+1.4° 1025.01.4%
1.4+0.5° 5,3+3,5° -
1.8+1.2° 6,8+5,1* =
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Table 2 - Blood end urinary electrolytes of cows submitted to treatment with acidifying solutions: Sodium (Na" — mEq/L), potassium (K"
— mEq/L), chloride (CI' — mEq/L), total calcium (tCa® — mg/dL), magnesium (Mg®* — mg/dL), urinary sodium (Nay, — mEq/L),

urinary potassium (Ky, — mEq/L) and urinary chloride (Cly, — mEq/L).

Treatment T=-24h T=0h
Na* SCaAc 139.0+1.4 141.0+2.8
SCaCl? 138.542.1 140.0+5.7
- SCaAc 44404 4.7+0.6
SCaCP? 4.1+0.4 4.4+03
or SCaAc 93.2+0.7 88.8+4.5
SCaCP? 95.0+1.8 95.2+1.7
Ca* SCaAc 8.5+1.0 8.7+1.4
SCaCl? 8.8+0.4 8.3+1.6
Mg SCaAc 2.6+0.3" 2.3+0.5%
SCaCP? 2.6+0.1* 2.3+0.2"
Nag SCaAc 5.0+4.6° 20.7+23.7°
' SCaCP? 20.0+10.0° 23.3+11.5
Ky SCaAc 245.1492 4* 148.3434.3°
' SCaCP 303.0+19.1* 207.8+22.0°
SCaAc 37.8420.6 30.0+21.0%°
Clr SCaCP? 44.1+28.5° 30.7+15.9°

T=4h T=8h T=24h
139.0+1.4 143.5+0.7 141.5+2.1
142.0+2.8 139.0+1.4 134.5+2.1

41405 42403 4.540.6

4.440.6 43403 4305
86.4+6.4 90.622.0 93.242.5
95.0+0.5 94.0+1.2 97.4+0.5

8.0£0.6 8.2+0.8 8.5+1.4

8.0+1.3 8.7+0.8 8.0+1.3

1.840.6" 2.1+0.3° 2.1£0.1°
2.240.6™ 2.1+0.2° 2.540.6™

38.7435.0% 86.749.3% 93.3£9.3"
16.7+11.5° 46.7+35.1° 176.7+25.2%
61.8+£60.5" 29.4+4 4° 187.5+69%
144.8+88>¢ 49.0+21.8¢ 150.0+30.0°
12.1£7.6° 22.9+16.3® 89.8+12.7°
13.1+6.7° 14.842.4° 87.4+8.7°

Means followed by different lowercase letters on the same line and different capitals in the same column differ from each other (P<0.05).

CRE levels. The URE levels better show the effects
of the fasting period (T = 0 h) and the post-hydration
period (T = 24 h). The URE levels were increased
by the decrease of kidney activity at T=0 h, but the
enteral fluid therapy was able to restore such activity
(ERMITA et al., 2018). The use of amino acids for
glycogenesis helps to increase the concentration of

nitrogen derivatives in the blood stream (KOZLOSLI,
2011). The SG (Table 1) is a good marker of hydration
status and kidney activity. In both groups, a decrease
in SG was observed at T = 8 h with an increase in the
UV in T =8 h (Table 1). This variables showed effects
of the solution in the organism, mainly improvement
of kidney function due to increase of the total blood

Table 3 — Blood gas parameters of cows submitted to treatment with acidifying solutions: Blood pH, carbon dioxide pressure (pCO, -
mmHg), bicarbonate (HCO; - mEq/L), base excess (BE - mEq/L) and urinary pH (pHu).

Treatment T=-24h T=0h
H SCaAc 7.4240.03%® 7.41+0.02%
p SCaCl, 7.43£0.03" 7.40+0.02"
SCaAc 43.542.0° 46.0+3.6"
pCO: SCaCl, 43.8+3.6™ 45.3+5.7%
HCO, SCaAc 28.241.44 28.9+2.34
; SCaCl, 28.2+1.9% 27.5+3.5%
BE SCaAc 3.3+1.7° 3.6£2.1°
SCaCl, 3.3+1.8° 2.14£2.9°
SCaAc 7.90+0.35 7.43+0.67
PHur SCaCl, 8.14+£0.04° 8.1940.09°

T=4h T=8h T=24h
7.4240.02% 7.45+0.03* 7.40+0.04¢
7.40+0.02% 7.44+0.01° 7.38+0.02¢
46.7+2.6* 43.3+2.7% 42.0+1.9°
45.7+3.7° 43.5+4.7% 39.7+1.9°
29.5+1.9% 29.3+2.24 25.3+].8"°
27.9+2.24 28.942 .44 23.0+1.4%
4.1+1.8° 4742 .4° 0.3+2.1°
2.6+1.9° 42+1.7* -1.9+1.6°
7.55+0.2 7.75+0.15 6.23x1.12
8.15+0.02° 7.75£0.53° 5.31+0.18°

Means followed by different lowercase letters on the same line and different capitals in the same column differ from each other (P<0.05).
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volume in eight hours of fluid therapy without any
kidney overload (ERMITA et al., 2018).

The Na', K*, Cl' and tCa?*" values are
shown in table 2. Electrolytes can directly influence
the acid-base balance. The lack of variation in blood
concentration for these electrolytes shows that
concentration of these electrolyte in the solutions are
well adapted for maintaining electrolyte homeostasis
in adult dairy cattle. Another important concern was
whether the tCa?" amount in both solutions was enough
to keep tCa?* within limits during the whole treatment
period (KANEKO et al, 2008). The Mg?* levels are
presented in table 2. Serum Mg?* did not have specific
mechanisms of control as other electrolytes, and
this allowed diverse physiological mechanisms to
affect its serum concentration (MARTIN-TERESO
& MARTENS, 2014). Notwithstanding the decrease
in Mg? concentration, this electrolyte remained
within normal values for adult cattle (KANEKO et
al., 2008).

The mean Na levels are also shown in
table 2. With the blood volume increasing during the
fluid therapy period, the antidiuretic hormone level
decreases and; consequently, so does the action of the
renin-angiotensin-aldosterone system, allowing the
kidneys to excrete more Na ; and water (HALL, 2011).
In this study, in the hydration period, Na _increased to
reach its highest values at T = 24 h for both solutions,
but serum Na® was not altered, showing that the
solutions, even if hypotonic, are balanced, and can be
used for long periods. The values of K are presented
in table 2. At T = 0 h, the high concentration of K ;,
was caused by the forced trade with Na;, under the
action of the aldosterone hormone which protects the
organism from dehydration (HALL, 2011). During
the hydration therapy, the K, decreases because
of decreased aldosterone effects. The aldosterone
hormone is the main modulator of K, excretion, and
acts by increasing the effects of the Na/K-ATPase
in the basolateral membrane of the collecting ducts
and, thus, increasing Na* absorption and K™ excretion
(ERMITA et al., 2018). The Cl, levels are displayed
in table 2. In an effort to maintain electroneutrality,
high amounts of ClUr were excreted together with
Na, at T = 24 h (HALL, 2011). During the fasting
period, as Na,;_decreases, Cl, decreases too, and after
the hydration period, an increase in the elimination
of both electrolytes was noted. The Cl excess in the
solutions can increase the excretion of Cl; at T = 24h.

Variations of blood pH (Table 3) are
certainly important. In this study, the pH decreased
significantly at T = 24 h. This decrease in blood pH
in T = 24 h can be caused by the late absorption of

the solutions with low SID and the food ingestion
after T = 8 h. Even with the pH decreases, it remains
within normal bovine limits (Smith, 2015). Another
component of the blood gas analysis evaluation is the
respiratory component pCO, (Table 3). The values of
pCO, decreased significantly in the post-hydration
period (T =24 h). To compensate for alterations caused
by the administration of the solutions, the organism
increases its output of CO, through respiration to
control the body pH (KANEKO et al, 2008).

The HCO, (Table 3) is an important base
and negative charge in the bloodstream, and upon
administration of solutions with low SID, HCO,
can be eliminated for compensation (CONSTABLE,
2003b). In this study, there was a significant decrease
in HCO, at T =24 h in both groups, that is at the
same time when a high amount of fluid with low SID
had been absorbed and the lowest pH values were
measured. The SCaCl, caused the most important
decrease in the HCO, values due to the higher
amount of chloride in the solution. The lowest BE
(Table 3) was measured at T = 24 h, confirming that
the low SID solutions administered had been mostly
absorbed. The normal state for a ruminant is a slightly
alkaline state (BE = 0-6 mEq/L - CONSTABLE,
2003a) and, even with the absence of a significant
difference between the two solutions, the SCaCl,
solution caused more acidification when compared
to the SCaAc. The pHUr values are shown in Table
3. One of the main functions of the kidneys is to
maintain organism homeostasis (RADOSTITS et al.,
2007). Upon administration of acidifying solutions, at
T = 24h, with the excess of protons in the organism,
kidneys try to wash them out, resulting in a low pH,,.
The pH,, is often used to monitor the acid-base state
of the organism in dairy farms using anionic diets
(MARTIN-TERESO & MARTENS, 2014).

Improving the number of animals and
bovines with marked metabolic alkalosis will help
to understand better all effects of these low SID
solutions. Results of this study showed good response
of the dairy cattle to the infused solutions at speed of
15 mL/Kg/hour in continuous flow by naso-ruminal
route. Therefore, new projects with fluid therapy
for longer periods, in this administration speed, can
exacerbate response of bovines to low SID solutions.

CONCLUSION

Both solutions can be used for fluid therapy
in adult cattle. The SCaCl, represents the better
treatment option to bovines with hypochloraemia
due the higher relative chloride concentration. New
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clinical trials, with cattle presenting dehydration and
alkalosis, can show the real effects and viability of
these acidifying solutions in the buiatric routine.
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