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Hypomagnesaemic tetany in lactating cattle is a partial dietary deficiency of Mg, but other nutritional
or metabolic factors reduce the availability of Mg or increase its body loss. The aim of this study was
to determine the biochemical changes and acute phase proteins response in serum of lactating cattle
with hypomagnesaemic tetany. This investigation included 11 lactating cows suffered from nervous
manifestations such as Nystagmus, muscular tremors, stiffness in gait and convulsion
(hypomagnesaemic group) and 15 apparently healthy lactating cows (control group). One blood
sample was collected from each cow in hypomagnesaemic and control groups. Total  protein, albumin,
glucose, liver and muscular enzymes, serum minerals including Ca, Mg, P, K, Na, Cl and acute phase
proteins (APPs) including (Haptoglobin, serum amyloid A, C-reactive protein) were measured using
commercially available test kits. The results revealed significant decreases in serum total protein,
albumin and glucose in hypomagnesamic group. On the other hand, there were significant elevations in
both hepatic and muscular enzymes activities including AST, ALT, GGT, CPK, LDH, and AP while
serum electrolytes levels were variables. The diseased cattle showed significant hypomagnesaemia,
hypocalcemia and hyperkalemia. There were highly significant increases in APPs in diseased cattle. It
can be concluded that hypomagnesaemic tetany in cattle is a complex metabolic disorders associated
with acute inflammatory response assessed by APPs, which could be used in the future as a prognostic
indicators for such disease in cattle.
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1. INTRODUCTION:
Hypomagnesaemic tetany is a highly fatal disease
affecting all ruminants of all ages and of both sexes,
particularly high producing dairy cows in early
lactation (Radostits et al., 2007). It results primarily
from dietary deficiency of magnesium. Although,
there are many other factors causing
hypomagnesaemia such as decreased feed intake or
grazing on lush grass pasture, heavy lactation, high
potassium and crude protein with low sodium in diet
that influences on magnesium absorption leading to
depletion of magnesium level in serum and other
extracellular fluids (Herdt et al., 2000 and Khan et
al., 2004). In addition, increasing nitrogenous
fertilizers in the soil lead to an increase of ammonia
in rumen and thus decrease the availability and
absorption of magnesium as its absorption increase
at lowered rumen pH (Urdaz et al., 2003 and
Martens &Schweigel, 2000). Low serum
magnesium levels is not the only predicator of
hypomagnesaemia tetany as low blood calcium
concentration (hypocalcemia) as well as

hypophosphatemia can be trigger the clinical signs
of hypomagnesaemia (Odette, 2005). Because of the
essential role of magnesium in the activation of
enzymes such as ATPases, kinases, and
phosphatases which regulate membranes and
synaptic transmission in skeletal muscle, its
deficiency exhibits varieties of neurological signs
such as excitability, grinding of the teeth, salivation,
ataxia, recumbence, and tetanic muscle spasms
(Martens &Schweigel, 2000). Winter tetany in cattle
is an unobserved form of hypomagnesaemia
characterized by chronic energy and magnesium
deficiency with low serum magnesium level for
long time (Pehrson, 1985). Stressors such as cold
weather, lactation and low energy intake may lead
to clinical hypomagnesaemia, since sympathetic
nervous system activation causes the release of
epinephrine resulting in a decreased plasma
magnesium concentration (Hoff et al., 1993).
Recently, it was reported that experimental
hypomagnesaemia in rats induces a clinical
inflammatory syndrome characterized by activation
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of leukocyte and macrophage, synthesis of
inflammatory cytokines and acute phase proteins, as
well as extensive production of free radicals
(Rayssiguier et al., 2010). For our knowledge, the
effect of hypomagnesaemia on the inflammatory
response, activation of proinflammatory mediators
and acute phase proteins (APPs) is not investigated
in cattle. Therefore, the aim of this study was to
evaluate the changes of some serum biochemical
parameters as well as the inflammatory response
through assessment of acute phase proteins in
lactating cattle with hypomagnesaemic tetany.

1. MATERIALS AND METHODES:
2.1. Animals:

The present study was carried on 15 apparently
healthy cows at different stage of lactation, which
were used as a control group (group A), and 11
lactating cows aged 4-8 years suffered from nervous
signs and were diagnosed as hypomagnesaemic
tetany (group B). The diseased animals were
individually reared and not belong to herd or farm.
They were from small villages in Quesna and
Ashmoun centers in Menoufiya Governorate, Egypt.
All samples were collected in the period between
August 2015 and February 2016.
The diagnosis was based on, examination of the
environment of the animal, nutrition and clinical
signs which were mainly nervous manifestations.
The case history revealed that, the affected cattle
were fed mainly or grazing on Berseem pasture
which was planted in soil highly fertilized with
potassium.  The diagnosis was confirmed by
laboratory findings.  All animals were successfully
treated with 500 ml magnesium sulphate 5% IV and
200 ml magnesium sulphate 25% SC as well as  500
ml of calcium borogluconate injected slowly IV
according to Attia and Selim (2001) . All animals
recovered and there was no deaths.

2.2. Blood samples:
One blood sample was collected from jugular vein
puncture into plain tube without anticoagulant for
serum collection from each animal in both groups A
& B. The serum was collected by centrifugation of
blood samples at 3000 rpm for 10 min and stored at
−20°C until analysis according to Chanarin (1989).

2.3. Biochemical analysis:
Serum levels of total protein, albumin, globulin,
urea, creatinine, glucose, hepatic enzymes including
alanine transferase (ALT), aspartate transferase
(AST), γ-glutamyl transferase (GGT), alkaline

phosphatase (AP), lactate dehydrogenase (LDH),
creatine phosphokinase (CPK), and some blood
minerals and electrolytes including calcium (Ca),
magnesium (Mg), phosphorus (P), potassium (K),
sodium (Na), chloride (Cl) were determined
spectrophotometrically using a spectrophotometer
(Dirui DR, model 7000D, China) and  commercially
available test kits supplied by Biomed diagnostics
(Germany) according to the manufacturer's
instructions.
Acute phase proteins including (Serum haptoglobin
(Hp), Serum amyloid A (SAA) and C-reactive
protein (CRP)) were estimated with a commercially
available bovine ELISA kits with catalogue Nrs.
(HAP-11, SAA-11, CRP-11, Life Diagnostics, Inc.,
West Chester, Pennsylvania), according to the
manufacturer’s instructions.

2.4. Statistical analysis:
The data were analyzed by using statistical software
for data analysis (SPSS Inc., Chicago, IL, USA).
The data were normally distributed and were
represented by means ± standard error (SE).
Unpaired t- test was used to compare
hypomagnesaemic group (group B) to the control
group (group A). All differences were considered
statistically significant at P < 0.05.

3. RESULTS:
3.1. Clinical examination:

The diseased animals showed nervous
manifestations such as erected ears, stiffness in gait,
frequent involuntary urination and defecation,
nystagmus, running and galloping. Some cases
showing lateral recumbence, muscular tremors and
stiffness of four limbs. Another case showed
pressing the head and neck against wall and directed
above. The physical examination revealed
tachycardia and hyperpnoea.

3.2. Biochemical examination:
The biochemical findings showed significant
decreases (p< 0.05) in total protein and albumin in
hypomagnesemic group compared to control group.
Whereas, there were non-significant variations in
serum urea and creatinine concentrations between
both groups. There was also a significant decrease
(p< 0.05) in blood glucose in hypomagnesemic
group compared to control. The hepatic and
muscular enzymes activities showed significant
increases in AST, ALT, GGT, AP, LDH and CPK
(Table 1).
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Table 1: Serum biochemical parameters in hypomagnesemic and apparently clinical cattle
Parameters Control group

(Group A)
Mean ± SE

Hypomagnesemic group
(Group B)
Mean ± SE

Total proteins (g/dl) 7.12±0.21 5.86±0.32*
Albumin  (g/dl) 3.80 ± 0.2 2.85 ± 0.31*
Globulin (g/dl) 3.41 ± 0.11 3.01 ± 0.01
Glucose (mg\dl) 94.21 ± 0.01 67.32 ± 0.21*
CPK (U\L) 88.35± 0.42 159.04± 0.32*
AST (U\L) 74.20 ± 0.15 141.13 ± 0.45*
ALT (U\L) 24.21 ± 0.51 53.80 ± 0.12*
GGT(U\L) 27.83 ± 0.02 55.80 ± 0.31*
AP(U\L) 135.50 ± 0.29 160.40 ± 0.62*
LDH(U\L) 1560.10 ± 0.08 2064.10 ± 0.07*
Urea (mmol/L) 2.14±0.02 2.33±0.08
Creatinine (μmol/L) 80.19 ±0.11 81.02 ± 0.17

means that the value is statistically significant at p< 0.05.

Table 2: Serum minerals and electrolytes levels in hypoagnesaemic and apparently clinical cattle.

* means that the value is statistically significant at p< 0.05.

Table 3: Acute phase proteins in serum of hypomagnesemic and apparently clinical cattle.

* means that the value is statistically significant at p< 0.05.

In Table (2), there were significant (p< 0.05)
reduction in serum Ca and Mg concentrations in
diseased animals in comparison to control group,
while, there was a significant (p< 0.05) increase in
potassium level in hypomagnesemic group. On the
other side, there were non-significant changes in
serum concentrations of sodium, chloride and
phosphorus in hypomagnesemic group in
comparison to control one. Acute phase proteins
showed highly significant (p< 0.001) increases in
diseased group compared to apparently clinically
one (Table 3).

4. DISCUSSION:
Serum magnesium level depends only on daily Mg
intake while the dairy cattle cannot mobilize Mg

from its reserves because Mg reserves is locked out
(Urdaz et al., 2003).  Therefore, hypomagnesaemia
in lactating cattle may not always arise simply from
low level of blood Mg but the disorder is complex
and can occur under a variety of circumstances. A
reduction in magnesium concentration in the blood
and cerebrospinal fluid can be triggered by many
different factors such as reduction of food intake as
a result of stressors, heavy application of nitrogen or
potassium fertilizers in the soil and increases of
potassium which interfere with the amount of
magnesium obtained from feed (Odette, 2005).
In this study, the diseased cattle were under several
stressors such as lactation, cold weather and bad
nutrition as they fed on low quality rapidly growing
lush Berseem pastures, which were sown in soil

Parameters Control group
(Group A)
Mean ± SE

Hypomagnesemic group
(Group B)
Mean ± SE

Mg (mg\dl) 2.91±0.21 1.22±0.37*
Ca (mg\dl) 8.51 ± 0.2 4.55 ± 0.11*
P (mg\dl) 5.51 ± 0.11 5.45 ± 0.31

K mmol\L 5.01 ± 0.23 10.22 ± 0.01*
Na mmol\L 157± 0.61 160.34± 0.42
Cl mmol\L 110± 0.01 112.31± 0.31

Parameters Control group
(Group A)
Mean ± SE

Hypomagnesemic group
(Group B)
Mean ± SE

Haptoglobin (mg/l) 0.001±0.05 *0.12±1.48
Serum amyloid A (mg/l) 0.03±5.24 *0.3128.46±
C-reactive protein (μg/mL) 0.41±35.88 *1.01±86.33
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highly sustained with potassium fertilizer. This
indicate that those cows may be suffered from
chronic mild unobserved hypomagnesaemia but the
different stressors accelerated the appearance of
clinical signs. Generally, any type of stress lead to
activation of catecholamines and decrease Mg
absorption (Bolton &Weeks, 1986). Unlike other
essential minerals, there is no specific hormonal
system to regulate magnesium homeostasis (Urdaz
et al., 2003). As a result, the animal was unable to
conserve enough magnesium in blood in situations
of deficiency.
In the present study, the clinical signs of
hypomagnesemic tetany in cattle were accompanied
by other changes in serum biochemical parameters
such as hypoproteinemia especially decrease
albumin concentration and this result was coincided
with other previous literatures (Schwartz et al.,
1970, Augusti et al., 1973, Rayssiguier et al., 1977).
This could be attributed to the defect in protein
synthesis because of Mg deficiency (Vernon, 1988).
The affected cattle had also hypoglycemia which
may be attributed to inhibition of hepatic
gluconeogenesis caused by elevated insulin (Hiatt et
al., 1974). This abnormal elevation of insulin could
be a result of increase of potassium level in the
blood in cattle with hypomagnesemic tetany (Lentz
et al., 1976).
The elevated levels of muscle enzymes (CPK and
AST) as well as LDH in this study indicate
muscular damages due to violent movement and
extensive convulsions. However, increase AP
activity could be due to the mobilization of Mg and
Ca from bone (Castiglioni et al., 2013).
Furthermore, low serum Mg level may directly
influence the cellular redox state leading to an
increase in production of reactive oxygen species
(ROS) and induction of oxidative stress (Maier et
al., 2004). This could be the reason of increases of
hepatic enzymes as ALT and GGT in the present
study that reflect hepatic injury caused by increase
of ROS.
In this study, affected cattle with hypomagnesaemia
showed several changes in blood electrolytes such
as hyperkalemia and hypocalcemia. Indeed, there
are interaction between Mg, Ca and K
concentrations in blood. Increase potassium level in
blood associated with increase potassium in diet
which interfere with Mg absorption in rumen causes
hypomagnesaemia (Odette, 2005). Low magnesium
concentration reduces the activity of enzyme (25-
hydroxycholecalciferol-1-hydroxylase) responsible
for vitamin D metabolism and Ca absorption
(Matsuzaki et al., 2013). Moreover, Mg deficiency
is also associated with reduced circulating

glutathione concentrations, increased
proinflammatory mediator and lipid peroxidation
(Scanlan et al., 2007). During these circumstances,
the acute phase proteins (APPs) were immediately
released in response to hepatic stimulation by
proinflammatory cytokines. APPs are the immediate
host defense against infection, tissue damage and
inflammation through trapping of microorganism
and their products, activating the complement
system, scavenging free hemoglobin and radicals,
and modulating the host’s immune response (Jain et
al., 2011).
Recently, there are many studies in human medicine
interested in the relation between Mg deficiency,
insulin resistance and systemic inflammatory
response which may provide an alternative means of
diagnosis and prognosis of diseased conditions as
well as monitoring the health condition (Nadler et
al., 1993 and Rayssiguier et al., 2010).  According
to our knowledge, the present study is considered
the first study that discuss the acute phase response
in hypomagnesaemic tetany in cattle. There were a
high significant increases of positive APPs,
haptoglobin (Hp), Serum amyloid A (SAA) and C-
reactive protein (CRP) in cattle with
hypomagnesaemic tetany. In addition, serum
albumin (negative APPs) decreased in response to
increase positive APPs in cattle with
hypomagnesaemic tetany. This was coincided with
previous studies which reported that amino acids are
shunted into synthesis of positive acute phase
proteins in response to inflammatory condition
(Aldred and Schreiber, 1993 and Tothova et al.,
2014).

5. CONCLUSION:
From these results, we can conclude that
hypomagnesemic tetany in lactating cattle is not a
simple hypomagnesemia but it is a complex
metabolic disorders associated with dramatic
changes in biochemical parameters in blood as well
as increase in acute phase proteins which represent
an inflammatory condition and could be used in the
future as a prognostic indicators for
hypomagnesemic tetany in cattle.
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