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Abstract

Selenium is an essential nutrient, which is crucial for proper body function. Its role is
complemented by vitamin E. Nutritional muscular dystrophy (NMD) is one of the main
disorders caused by a selenium deficiency. NMD most often affects calves at the age of
4 to 6 weeks. The study was performed on 40 Holstein-Friesian (HF) calves divided into
two groups of 20 animals each. Control group calves were administered an IM injection of
selenium and vitamin E on the second day of life. The experimental group comprised ca-
lves with symptoms of NMD. Samples of the biceps femoris muscle were collected from six
animals in each group for histopathological analyses to confirm changes in muscle para-
meters. Blood samples were obtained from all animals on three different dates. The follo-
wing blood parameters were determined in laboratory analyses: pH, pCO2, pO2, HCO3

–,
BE, O2SAT, the concentrations of Na+, K+, Cl–, and Ca and P levels. A drop in pH, an
increase in the partial pressure of carbon dioxide, a decrease in the partial pressure of
oxygen, a significant decrease in bicarbonate ion concentrations and hemoglobin oxygen
saturation as well as a base deficit were reported in the group of calves demonstrating
symptoms of NMD. The above changes point to the development of uncompensated meta-
bolic acidosis due to increased levels of pyruvic acid and lactic acid produced as a result of
anaerobic processes that accompany muscle fiber degeneration. Minor fluctuations in so-
dium and chloride levels were observed throughout the experiment, but their concentra-
tions remained within the norm in animal groups. Potassium levels were significantly hi-



308

gher in the experimental group than in the control group. The serum concentrations of
inorganic phosphorus and calcium were within the reference range in both groups. In ca-
lves, NMD leads to disruptions in the acid-base equilibrium and the electrolyte balance,
which are manifested by uncompensated metabolic acidosis and hyperkalemia. Significant
changes in calcium and phosphorus levels are not observed in the blood serum of calves
affected by NMD.

Key words: NMD, calves, acid-base balance, electrolytes, serum mineral concentrations.

ZABURZENIA RÓWNOWAGI KWASOWO-ZASADOWEJ I ELEKTROLITOWEJ
ORAZ ZMIANY STÊ¯ENIA WSKAZNIKÓW MINERALNYCH SUROWICY

W PRZEBIEGU POKARMOWEJ DYSTROFII MIÊŒNI CIEL¥T

Abstrakt

Selen jest biopierwiastkiem odgrywaj¹cym istotn¹ rolê w prawid³owym funkcjonowa-
niu ustroju. W organizmie jego dzia³anie jest œciœle powi¹zane z witamin¹ E. Jednym z
podstawowych zaburzeñ powodowanych przez niedobór selenu jest pokarmowa dystrofia
miêœni (PDM). Najczêœciej na PDM zapadaj¹ cielêta w wieku 4-6 tygodni. Badania przepro-
wadzono na 40 cielêtach rasy h-f podzielonych na dwie grupy po 20 zwierz¹t ka¿da. Cielê-
tom z grupy kontrolnej w 2. dniu ¿ycia podano domiêœniowo preparat zawieraj¹cy witami-
nê E i selen. Grupê doœwiadczaln¹, stanowi³y cielêta wykazuj¹ce objawy pokarmowej
dystrofii miêœni. Od 6 ciel¹t z ka¿dej grupy pobrano bioptaty z miêœnia dwug³owego uda w
celu wykonania badania histopatologicznego potwierdzaj¹cego zmiany w miêœniach. Od
wszystkich ciel¹t pobrano trzykrotnie krew do badañ laboratoryjnych. Oznaczono nastêpu-
j¹ce parametry: pH, pCO2, pO2, HCO3

–, BE, O2SAT, stê¿enie Na+, K+, Cl– oraz stê¿enie Ca
i P. W grupie ciel¹t z objawami pokarmowej dystrofii miêœni wyst¹pi³ spadek pH, wzrost
ciœnienia parcjalnego dwutlenku wêgla, spadek ciœnienia parcjalnego tlenu, statystycznie
istotny spadek stê¿enia jonów wodorowêglanowych i wysycenia hemoglobiny tlenem oraz
pojawi³ siê niedobór zasad. Zaobserwowane zmiany mog¹ sugerowaæ rozwój kwasicy meta-
bolicznej niewyrównanej zwi¹zanej z wy¿szym poziomem kwasu pirogronowego i mleko-
wego powstaj¹cego w wyniku procesów beztlenowych towarzysz¹cych rozpadowi w³ókien
miêœniowych. Stê¿enia sodu i chlorków nieznacznie waha³y siê w trakcie trwania doœwiad-
czenia i pozostawa³y w granicach wartoœci referencyjnych, zarówno u ciel¹t grupy badanej,
jak i kontrolnej. Poziom potasu w grupie doœwiadczalnej by³ istotnie wy¿szy w porównaniu
z cielêtami z grupy kontrolnej. Stê¿enie wapnia i fosforu nieorganicznego w surowicy cie-
l¹t z obu grup utrzymywa³o siê w granicach norm referencyjnych. Pokarmowa dystrofia
miêœni ciel¹t przebiega z zaburzeniami równowagi kwasowo-zasadowej i gospodarki elek-
trolitowej objawiaj¹cymi siê kwasic¹ metaboliczn¹ niewyrównan¹ i hiperkaliemi¹. W prze-
biegu pokarmowej dystrofii miêœni ciel¹t nie obserwuje siê istotnych zmian w stê¿eniu wap-
nia i fosforu w surowicy.

S³owa kluczowe : PDM, cielêta, równowaga kwasowo-zasadowa, elektrolity, wskaŸniki
mineralne.

INTRODUCTION

Selenium is an essential trace element, which is necessary for proper
body function. The element participates in various metabolic pathways in
the body, and its role is complemented by vitamin E and sulfur-containing

´
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amino acids. The first references to the biological role of selenium, a com-
ponent of glutathione peroxidase, were made in the 1970s. Since then, more
than 30 selenium-containing proteins, mostly enzymes, have been identified
(GHANY-HEFNAWY, TORTORA-PEREZ 2009). To date, scientists have been successful
in describing the detailed biological function of only 10 selenoproteins from
the above group. Low levels of selenium and/or vitamin E are the cause of
nutritional muscular dystrophy (NMD, dystrophia musculorum enzootia). This
condition, also known as white muscle disease, induces hyaline degenera-
tion of skeletal muscle cells in various parts of the body, including the dia-
phragm and the heart muscle. NMD most often affects calves at the age of
4 to 6 weeks.

The acid-base balance is a condition where the optimal concentrations
of hydrogen ions are maintained in intercellular and extracellular spaces as
a result of various homeostatic control mechanisms in the body. Disturbanc-
es in that balance can be a primary source of disease, but they generally
accompany other bodily dysfunctions, adding to their complexity and hinder-
ing the correct diagnosis and therapy. The diagnosis and treatment of acid-
base imbalances requires the determination of pH, pCO2, HCO3 concentra-
tions and the partial pressure of oxygen (pO2). The above parameters are
measured in arterial blood or arterialized capillary blood to fully identify the
degree of blood oxidation and alveolar gas exchange (STOPYRA et al. 2012). In
medical and veterinary practice, the acid-base balance is usually determined
in samples of venous blood. This procedure is burdened by error due to
hemostasis, which occurs when pressure is applied to the vein, and the
activity of skeletal muscles during immobilization, which can produce false
acidosis results. The above method also prevents precise determination of
the partial pressure of carbon dioxide. Venous blood samples are generally
used in evaluations of disorders that are not accompanied by complications
(POMIANOWSKI et al. 2004).

Electrolytes are substances which, when dissolved in water, conduct elec-
trical impulses essential for regulating vital bodily functions. They are
charged ions, positive cations (sodium, potassium, calcium and magnesium)
and negative anions (bicarbonates, chloride and phosphorus ions, sulfates,
organic acids and protein components). Electrolytes control water distribu-
tion in the body, absorption, diffusion, the acid-base equilibrium, nerve and
muscle function. An electrolyte balance is required for the body to perform
its complex functions during significant changes in the diet, metabolism and
kidney function (ROBERTS 2005).
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MATERIAL AND METHODS

The study was performed on 40 HF calves. The control group comprised
20 healthy animals which were administered a single IM injection of seleni-
um and vitamin E comprising tocopherol acetate – 50 mg and sodium se-
lenate – 0.5 mg at a dose of 8 ml/calf on the second day of life. The experi-
mental group consisted of animals demonstrating symptoms of NMD. Blood
samples were collected from all animals on three different dates, at seven-
day intervals, starting on day 5. Blood was sampled from the external jugu-
lar vein in the morning. On day 19, samples of the biceps femoris muscle
were collected from six animals in each group to confirm changes in muscle
parameters. The place of incision was shaved, disinfected and anesthetized
by infiltration with a lignocaine solution. Muscle samples were obtained by
scalpel incision of 0.8 x 0.8 cm with a depth of 0.7 cm. Muscle sections were
immersed in a saline solution for 10 minutes, neutralized with 10% forma-
lin and embedded in paraffin. Microtome sections were stained with hema-
toxylin and eosin (HE).

The acid-base balance and electrolyte concentrations in venous blood
were determined with ion-selective electrodes using a RapidLab 348 analyz-
er (Siemens). The following parameters were identified: pH, the partial pres-
sure of carbon dioxide (pCO2), the partial pressure of oxygen (pO2), bicarbo-
nate ion concentrations (HCO3

–), base excess (BE), hemoglobin oxygen
saturation (O2SAT) and the concentrations of Na+, K+ and Cl–.

The content of minerals, calcium and phosphorus was determined using
a Cormay Accent 200 automatic biochemical analyzer. Serum calcium levels
were determined by the Arsenazo III colorimetric method (Cormay diagnos-
tic kit), and phosphorus concentrations were measured by the colorimetric
molybdenum ion test (Cormay diagnostic kit).

The results of laboratory tests were presented in SI units and processed
in the Statistica 9.0 application. The significance of differences between test
results and groups was determined by ANOVA at p≤0.01.

RESULTS AND DISCUSSION

Symptoms of NMD were not observed in experimental group calves (not
administered the selenium and vitamin E supplement) on the first days of
life. Signs of nutritional muscular dystrophy were reported in all experi-
mental animals between day 10 and 17. The initial symptoms were non-
specific, and they were manifested by apathy, lethargic behavior, decreased
appetite and reluctance to move. They were followed by tremor in hind
limbs, incorrect posture with widely spread limbs, a hunched-up spine, stilt-
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ed gait and, in some cases, an elevated respiratory rate and cough. Several
animals remained recumbent and their body temperature exceeded 40oC.
Clinical symptoms of NMD were not observed in control group calves.

Numerous muscle fibers with hyaline degeneration of the sarcoplasm,
granular degeneration of the sarcoplasm and striatal atrophy were observed
in all biceps femoris samples stained by HE (Figure 1). Similar morphologi-
cal changes in the muscles of ruminants affected by NMD were reported by
HAFNER et al. (1996), BEYTUT et al. (2002), SOBIECH (2009) and TUNCA et al.
(2009). HE-stained muscle samples from healthy calves showed correctly
formed muscle fibers with clear striation.

Fig. 1. Muscle of calf with symptoms of NMD. Muscle fibers with sarcoplasma
degeneration (long arrow) and disappearance of cross-striation (short arrow)

HE staining, magnification x 240

An analysis of the acid-base equilibrium in control and experimental
animals did not reveal significant differences in test I (Table 1). The exam-
ined parameters were within the reference range. Numerous authors (LIS-
BOA et al. 2002, TAVERNE 2008) have observed symptoms of mixed metabolic
and respiratory acidosis in calves in the first hours of life. The described
condition is intensified by the type of birth (natural, assisted or C-section)
and post-natal vitality. Acidosis is compensated already on the second day
postpartum.

A comparison of acid-base balance parameters in experimental and con-
trol animals revealed significant differences between groups in tests II and



312
�

��
�

�
�

��
	

��
�

�
�


�
��

�
�
�

�
�

��
�

�
�


�
��

�
�

��
�

�

	
�
�

�
	


�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

��
�

�
�

�
�

�
�

 
!

�
�

�"
 

!
�

�
�"

�
�

�
�

�"
��
 

�
�

�
�

�"
��
 

#

$�
�

�
�

�
$��

	
��

$�
�

�
�

�
$��

	
��

$�
�

�
�

�
$��

	
��

$�
�

�
�

�
$��

	
��

$�
�

�
�

�
$��

	
��

$�
�

�
�

�
$��

	
��

%
&

�$
'

&
($

(
)

*
�$

'

+
($

(
)

'
�$

�
*

(
*$

&
)

*
($

�
*

�
,$

*
)

&
'$

,
�

&
�$

�
)

&
($

,
�

�
-$

�
)

+
*$

(
�

+
�$

�
)

'
�$

,
�

(
+$

�
)

,
&$

�

�
�$

�
)

�
($

�

�
'$

�
)

�
�$

'
&

�
&$

,
)

'
*$

'
&

(
�$

�
�

)

%%
+

�$
'

� &
($

(
)

&
�$

'

*
($

(
)

'
�$

&
*

�
�$

�
)

�
�$

�
*

'
�$

*
)

-
�$

-
�

� �
-$

�
)

,
�$

�
�

�
&$

�
)

�
'$

-
�

&
'$

�
)

�
'$

,
�

'
+$

&
)

'
+$

��
� -

&$
�

)

�
+$

�

-
�$

�
)

+
'$

(
&

(
,$

+
)

*
�$

&
&

+
-$

�
�

)

%%%
&

�$
'

� &
($

(
)

'
�$

'

+
($

(
)

'
+$

+
*

� �
*$

�
)

*
�$

(
*

&
�$

+
)

&
,$

+
�

� ,
�$

�
)

(
'$

�
�

�
-$

�
)

&
-$

*
�

�
� �

�$
�

)

*
($

(
�

�
*$

&
)

+
,$

��
� &

($
�

)

(
-$

�

,
+$

�
)

-
�$

&
�

�
� *

&$
*

)

�
($

&
&

�
�$

,
)

�
�

�
��

	
��

���

�

�
	

��
�

	

!


.��

��
�

�
��


�
�
�



	

�
�
�

	

�

�
�

�
	

�
�

/�
�

�
�

($
(

�
�

�
��

	
��

���

�

�
	

��
�

	

!


.��

��
�

�
��


�
�
�



�

0
��

!
	

�
�

/�
�

�
�

($
(

�
��

�
�

�

�
	


��
�


��
�


�
�


�
�

�
�

�
��

��
�
��

��
�

�
�

�
�
�

�
�
�
��

�
�

�

�
�
�

�
�


�
�
�

�

�
�

�
�
�

�
�

�
�

�
�

�
�
�

�
��

�
�
�

�
�
�

�
��

�
�
�

�
�
�

�
��

�
�
�

�
�
�

�
��

�
�
�

�
�
�

�
��

�
�
�

�

�
 
�
�

�
�
�
��

�

�
 
�
�

�
�
�
��

�

�
 
�
�

�
�
�
��

�

�
 
�
�

�
�
�
��

�

�
 
�
�

�
�
�
��

!
"
��

#
$
�

%
$�

&
'

"
��

(
$
�

(
)�

&
'

"
%�

&

&
)�

"
'

*
(�

&

#
&�

"
'

"
$�

#
*

%
#�

$
'

%
)�

"
"
�

#
#�

&
'

%
(�

�
� "
��

"
'

(
#�

�
� (
��

"
'

$
��

�

%
$�

"
'

#
��

�

*
&�

"
'

!!
%
$�

(
$
�

(
#�

$
'

%
)�

#
$
�

$
%�

%
'

(
%�

%
�

� $
)�

"
'

�
%�

&

%
$�

"
'

"
��

*
*

&
��

$
'

%
$�

*
*

$
%�

&
'

(
%�

�

(
��

"
'

%
%�

�

#
��

"
'

�
��

�

�
&�

"
'

(
��

�

&
&�

"
'

!!!
"
��

(
$
�

&
��

$
'

"
#�

)
$
�

�
(�

&
'

(
#�

%
�

� %
%�

"
'

"
(�

&

&
&�

"
'

%
&�

#
*

)
$�

&
'

"
#�

*
*

(
��

&
'

&
%�

�

&
��

"
'

&
%�

�

%
$�

"
'

(
��

�

$
&�

"
'

&
��

�

"
&�

"
'

�
�
�

��
�
�


���

�

�
�
��
�


�
+
�

���
��
��
�

���
�

�
�

�
�
�
�

�
�


�
�
�
�

�
�
�

,�
�
�

�
"�

"

�
�
�

��
�
�


���

�

�
�
��
�


�
+
�

���
��
��
�

���
�

�
�

�
 

	
�


+
�
�
�

,�
�
�

�
"�

"



313

III (Table 1). A drop in pH, an increase in the partial pressure of carbon
dioxide, a decrease in the partial pressure of oxygen, a significant decrease
in bicarbonate ion concentrations and hemoglobin oxygen saturation as well
as a base deficit were reported in calves demonstrating symptoms of NMD.
The observed changes point to the development of uncompensated metabol-
ic acidosis due to increased levels of pyruvic acid and lactic acid produced as
a result of anaerobic processes that accompany muscle fiber degeneration.
Similar results were reported by KATZ et al. (2009) in a case study of a foal
with NMD and by SOBIECH,  KULETA  (2002), who analyzed the acid-base equi-
librium in goats affected by NMD.

Minor fluctuations in sodium and chloride levels were observed through-
out the experiment, but their concentrations remained within the norm in
both groups of animals (Table 2). Our results corroborate the findings of
GRZEBU£A (1989) who did not report changes in the concentrations of the
above electrolytes in a study of foals with clinical symptoms of NMD. KOZAT

et al. (2009) observed hyponatremia and hypochloremia in a foal with NMD.
In the above study, changes in sodium and chloride levels were noted at
advanced stages of NMD, which were accompanied by secondary pathologi-
cal conditions resulting from impaired membrane permeability and the re-
lease of electrolytes from damaged muscle fibers. In our study, the absence
of significant variations in sodium and chloride concentrations between con-
trol and experimental groups indicates that the examined animals were not
affected by equally advanced pathological changes.

Tests II and III revealed a significant increase in potassium ion concen-
trations in the blood serum of experimental calves (Table 2). In this group
of animals, potassium levels were significantly higher than in control. The
presence of hyperkalemia can be attributed to a close correlation between
the concentrations of K+ ions and pH. An increase in the pH of blood lowers
potassium ion levels, whereas a drop in pH leads to higher concentrations
of K+ ions. The above processes rely on the exchange of hydrogen and po-
tassium ions between extracellular and intracellular spaces. This exchange
can be induced by a primary increase in hydrogen ion concentrations (lower
pH) in extracellular fluid which leads to the transfer of ions into the cell. In
line with the law of electrical neutrality of bodily fluids, potassium ions
move in the opposite direction, which leads to an increase in their plasma
concentrations (HOLTENIUS 1990, DUBOSE 2000). The above phenomenon was
observed in diseased cattle, in which progressing metabolic acidosis was ac-
companied by an increase in potassium ion levels.

The serum concentrations of inorganic phosphorus and calcium remained
within the reference range in both groups of animals – Table 2 (EGLI, BLUM

1998, JEZEK et al. 2006). Minor fluctuations in calcium and phosphorus levels
were observed, and significantly higher calcium concentrations in the serum
of both groups noted in the first test can be attributed to the absorption of
calcium from colostrum (STEINHARDT et al. 1993, SOBIECH et al. 2008). PAVLATA
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(2001) and KATZ  et al. (2009) did not report significant variations in serum
levels of calcium and phosphorus in animals affected by NMD, and their
findings are consistent with our results. Elevated calcium concentrations in
the blood serum of lambs with NMD were noted by KOZAT (2009), who at-
tributed this increase to sarcolemmal damage and the opening of calcium
channels. No significant correlation between selenium supplementation and
serum mineral concentrations was observed in studies of goats (ORDEN et al.
2000, HAYASHIDA et al. 2003).

CONCLUSIONS

1. Nutritional muscular dystrophy in calves involves disorders of the acid-
base equilibrium and the electrolyte balance, which are manifested by un-
compensated metabolic acidosis and hyperkalemia.

2. Significant changes in the serum concentrations of calcium and phos-
phorus are not observed in calves affected by nutritional muscular dystro-
phy.
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