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ABSTRACT

Magnesium (Mg) is the second most abundant trace element in the body of both humans
and animals and is an essential element for health. Hypomagnaesemia and
hypermagnaesemia have been reported to be common occurrences in critically ill
patients and were postulated to determine the prognosis of disease. This study was
designed to ascertain the relationship between haematological health indices and serum
Mg levels. A total of 103 dogs from the 'dog market 'of Jos, Plateau State were sampled.
Blood was collected for complete blood count (CBC) using standard manual procedures:
Serum protein analysis was by the biuret colorimetric method, while serum Mg levels
were determined with an atomic absorption spectrophotometer. Result showed that
anaemic dogs (PCV < 35 %) had significantly (p<0.05) lower serum Mg (1.9 + 0.15
mg/dL) than non-anaemic (PCV = 35 %) dogs (2.6 £ 0.12 mg/dL). Dogs with
regenerative anaemia (corrected reticulocyte count = 1%) had significantly (p<0.05)
lower serum Mg (2.3 + 0.19 mg/dL) than dogs with non-regenerative anaemia (2.8 +
0.12 mg/dL). Dogs with thrombocytopenia had significantly (p<0.05) lower serum Mg
(2.00 + 0.16 mg/dL) than those with normal platelet counts (2.94 + 0.12 mg/dL).
Animals with marked leukopenia, mild neutropenia and marked lymphopenia had
significantly (p<0.05) Ilower serum Mg levels. In conclusion, dogs with poor
haematological health indices; low PCV, low platelet counts, low lymphocyte counts and
low serum protein were associated with significantly lower serum Mg levels.
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INTRODUCTION

Magnesium (Mg) is important in many biological
functions as a coenzyme in the body of both
humans and animals (Martin et al., 1994). Mg is
involved in more than 300 enzymatic reactions
and is essential for life. Due to the proliferative
nature of blood cells, the microenvironment
which  regulates the latency of the
haematopoietic stem cells are key to the
survival of animals in health and disease (Borelli
et al, 2009; Mendelson and Frenette, 2014;
Nogueira-Pedro et al, 2016; Oliveira et al,
2018). These cells multiply and differentiate to
form leucocytes, erythrocytes and platelets and
therefore require nutrients for their sustenance
(Oliveira et al., 2018). Mg deficiency has been
reported in 20 — 65 % of patients in an
intensive care unit (ICU) (Reinhart and
Desbiens, 1985; Ryzen et al., 1985; Deheinzelin
et al., 2000).

Interestingly, human patients who
develop Mg deficiency in the ICU had mortality
rates 2 to 3 times higher and more prolonged
hospitalization compared with those who were
not Mg deficient (Fiaccadori et al, 1988).
Hypomagnesaemia has been reported to be the
most common altered element during long
admissions in the ICUs (Deheinzelin et al,
2000). Haematological health indices are
essential in monitoring patients’ disease status
(Lobato et al, 2005) and these too may be
associated with disturbances in Mg levels.
Hypomagnesaemia is more common than
hypermagnesaemia; however, hypermagnesaemic
human patients in the ICU were also more likely
to die than those with normal serum Mg levels
(Martin et al., 1994; Humphrey et al, 2015).
Few reports are available in small animal
practice of conditions related to Mg
disturbances. These therefore require that
predictors of Mg alterations in veterinary
practice be established.  Haematological
parameters are good indicators of the
physiological status of animals (Khan and Zafar,
2005). Some interventions given to manage
certain disease conditions may be detrimental to
the Mg status of the body (Quamme and de
Rouffignac, 2000).
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Therefore, monitoring Mg levels in dogs may
improve the outcome of clinical interventions.
This work was therefore designed to investigate
the relationship between serum Mg levels and
some key haematological indicators of health in
dogs.

MATERIALS AND METHODS

Animals: A total of 103 adult Nigerian
indigenous breed of dogs in the Dog Market,
Jos, Plateau State, Nigeria, were used in the
study. They were sampled randomly.

Blood and Serum: Blood (2 ml) was collected
by jugular venipuncture into sample bottles
containing EDTA for haematology. 5 ml of blood
was collected into plain sample bottles for
separation of serum. Samples were transported
to the laboratory in cold packs. The clotted
blood was centrifuged at 1500 g for 10 minutes.
The supernatant serum was collected into
Eppendorf tubes and stored in the freezer (-
20°C) pending analysis.

Haematology and Serum Protein Analyses:
Complete blood counts (CBC) were done using
standard manual procedures: PCV by the
microhaematocrit method, platelet and total
WBC counts with the haematocytometer as
described by Jain (1986). Differential WBC
counts were by examination of Leishman -
stained blood smears (100 cells). Serum protein
analysis was carried out by the Biuret
colorimetric method (Jain, 1986). Dogs with
regenerative anaemia were determined when
corrected reticulocyte count was = 1 % and
PCV <35 %, while non-regenerative anaemic
dogs were those with PCV =35 % and corrected
reticulocyte count of <1 % (Jain, 1993).

Serum Magnesium Determination: Each
serum sample was diluted 50 fold with Milli Q
deionized water. The diluted samples were then
measured for Mg using the Atomic Absorption
Spectrophotometer (PerkinElmer Analyst 200)
fitted with Winlab 32 Software.

Statistical Analyses: Data were analyzed
descriptively for their central tendencies with
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Graph Pad Prism version 7 (Graph Pad
Software, San Diego, CA) and results expressed
as Mean + SE. One-way ANOVA was used for
comparison data, followed by the post hoc
Newman-Keuls  Multiple  Comparison test.
P<0.05 was considered statistically significant.

RESULTS

Relationship between Serum Magnesium
and PCV and Platelets Counts: Anaemic
dogs (PCV <35 %) had significantly lower (1.9
= 0.15 mg/dL) serum Mg levels than non-
anaemic (PCV =35 %) dogs (serum Mg 2.6 +
0.12 mg/dL) (Table 1). Dogs with regenerative
anaemia (corrected reticulocyte count > 1 %)
had statistically significant lower serum Mg
levels (2.3 £ 0.19 mg/dL) than those with non-
regenerative anaemia (corrected reticulocyte
count <1 %) (serum Mg of 2.8 £ 0.12 mg/dL).
Dogs that were thrombocytopenic had
significantly (p<0.05) lower serum Mg (2.00 +
0.16 mg/dL) than dogs with normal platelet
counts (serum Mg levels 2.94 £ 0.12 mg/dL)
(Table 1).

Relationship between the Leukogram and
Serum Magnesium Levels in Dogs: Dogs
with leukocyte counts below 6x10° /uL had
significantly (p<0.05) higher serum Mg levels
(2.73 £ 0.07 mg/dL) than those with leukocyte
counts > 6x10°uL (serum Mg levels 2.29 + 0.11
mg/dL). Dogs with segmented neutrophil counts >
3x10%/uL had significantly (p<0.05) lower serum
Mg levels 2.29 = 0.08 mg/dL than those with
segmented neutrophil counts below 3x10° /uL with
serum Mg levels of 2.62 £ 0.10 mg/dL. Dogs with
band neutrophil counts less than 0.3x10° had
significantly (p<0.05) lower serum Mg levels of
2.04 £ 0.08 mg/dL than those with neutrophilic
left shifts. Dogs with lymphopenia had significantly
(p<0.05) lower serum Mg levels (2.0 = 0.01
mg/dL) when compared to those with normal
lymphocyte counts (serum Mg 2.5 + 0.20 mg/dL)
(Table 2).

Serum Proteins and their Relationship
with Serum Magnesium Levels in Dogs:
Dogs with total serum protein less than 5.5 g/dL
had significantly (p<0.05) lower serum Mg
levels (1.9 + 0.22 g/dL) compared to

normoproteinaemic and  hyperproteinaemic
dogs. However, there was no statistical
difference (p>0.05) between serum Mg levels of
dogs with normoproteinaemia and
hyperproteinaemia. Serum Mg levels were
significantly (p<0.05) higher (2.7 £ 0.06 mg/dL)
in dogs with normoalbuminaemia compared to
dogs that were hypoalbuminaemic (serum
magnesium levels 2.0 + 0.02 mg/dL). Also,
hyperglobulinaemic dogs had significantly
(p<0.05) lower serum magnesium (2.3 * 0.24
mg/dL) than normoglobulinaemic dogs (2.7 +
0.08 mg/dL) (Table 3).

DISCUSSION

This study has shown that anaemic dogs were
hypomagnesaemic, while non-anaemic dogs
were normomagnesaemic. This implies that
dogs with low serum Mg are likely to respond
poorly to a disease condition. Elin et a/. (1980) in
a study observed that rats fed Mg-deficient diet
became significantly anaemic. This was attributed
to a decreased mean cell age of erythrocytes in
the circulation due to hypomagnesaemia. A study
found that Mg depletion could induce hemolytic
anaemia and Mg-deficient red blood cells had
shorter survival duration (Zhan et al., 2014). Xu
et al, (2017) in a study observed that serum Mg is
inversely associated with anaemia, with higher
serum Mg associated with a lower prevalence of
anaemia. This implies that correcting Mg
deficiency may also have a beneficial role in
ameliorating anaemia. Mg is essential to protect
against oxidative damage of the erythrocyte
membrane and haemoglobin, thereby increasing
the RBC lifespan. Cosens et al. (1977) stated that
the role of Mg in protein synthesis is compatible
with haemoglobin synthesis. Thus, deficiency in
Mg will lead to reduction in haemoglobin causing
Mg deficiency anaemia.

Carroll et al. (1990) in a study observed a
progressive increase in serum Mg levels in dogs
following severe haemorrhage. They postulated
the possible use of serum Mg as an index of the
severity of shock. The lower serum Mg levels in
dogs with regenerative anaemia can be attributed
to an increased concentration of Mg, normal
pyrophosphatase and appropriate pyruvate kinase
activities within young erythrocytes (Elin et al.,
1980).
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Table 1: Association between serum magnesium levels, PCV and platelets of adult
indigenous breed of dogs from Jos, Plateau State, Nigeria

Parameters Levels N Serum (mg/dL)
PCV (%) >35 20 2.6 £0.12
<35 20 1.9 £ 0.15%
Regenerative anaemia CRC 21 8 2.3 £ 0.19%
Non-regenerative anaemia CRC <1 16 2.8 £0.12
Platelets (x103/pL) <200 20 2+0.16
>200 20 2.94 £ 0.12%

*=p<0.05, CRC = Corrected Reticulocyte Count

Association between serum magnesium and white blood cells of adult

Table 2:
indigenous breed of dogs from Jos, Plateau State, Nigeria
Parameters Levels
TWBC (x103pL) >6.0
<6.0
Seg Neutrophils (x103/ pL) >3.0
<3.0
Band Neutrophil (x103 /pL) <0.3
0.3-0.85
>0.85
Lymphocyte(x103/pL) >1.0-4.8
<1.0

N Mean Serum (mg/dL)
37 2.29 + 0.11*

66 2.73 £ 0.07

60 2.29 £ 0.08

43 2.62 + 0.10*

59 2.04 £ 0.08%*

29 2.60 + 0.12°

15 2.60 + 0.19°

16 2.5+ 0.20

87 2.0 £ 0.01*

*=p <0.05, N = number of serum samples, TWBC = Total white blood cells

Table 3: Association between serum magnesium and protein levels of adult indigenous

breed of dogs from Jos, Plateau State, Nigeria

Levels
5.5-7.5
<5.5
2.6 - 4.0
<2.6
>4.0
>3.7
<3.7
>0.8
<0.8

Parameters

Albumin (g/dL)

Globulin(g/dL)

A/G Ratio
*= p <0.05, N= number of samples

The present study also observed significantly
higher serum Mg levels in dogs with higher
platelets counts. This suggests that Mg may
play a vital role in homeostasis. Therefore, dogs
with low Mg levels could be vulnerable to
disease conditions affecting coagulation. Mg has
a well-known antiaggregatory effect on platelets
and it was employed for platelet enumeration in
capillary blood before the use of EDTA as an
anticoagulant (Choccalingam et al., 2017). In
vivo, Mg inhibits the action of thromboxane A,,
prostaglandin I,, and 12-hydroxyeicosatetraenoic

N Mean Serum (mg/dL)
75 2.5+ 0.07b

11 1.9 £ 0.22a*

86 2.7 £ 0.06*

17 2.0 £ 0.20%*

13 2.3 £ 0.24b

47 2.3+ 0.10b

43 2.7 £ 0.08a*

38 2.4+ 0.07

65 2.3 +0.13

acid which are important platelet aggregatory
agents (Hwang et al., 1992). It also inhibits the
normal clotting action of factors VIla, IXa, and
proteins C and S. Mg is a natural calcium
antagonist. It competes with calcium for binding
sites on prothrombin, hence inhibiting
coagulation (James and Neil, 1995; Rukshin et
al., 2001; Rukshin et al, 2002). Inhibition of
fibrinogen binding to the platelet membrane
glycoprotein IIb/IIla by altering membrane
fluidity of platelets and inhibition of intracellular
calcium mobilization are the main mechanisms
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of the antiaggregatory action of Mg in wvitro
(Brecher and Cronkite, 1950; Gries et al., 1999;
Gulliksson et al., 2003; Schuff-Werner et al.,
2013). Therefore, hypomagnesaemic animals
may be prone to disseminated intravascular
coagulopathy leading to thrombocytopenia. It
was observed that Mg deficiency is associated
with platelet hyperactivity, thereby increasing
the risk of intravascular thrombosis (Shechter et
al., 2000; Baradaran and Nasri, 2005; Nasri et
al., 2006; Nasri and Baradaran 2006; Tauszig et
al., 2012).

This study also showed that lower total
leukocyte and segmented neutrophil counts
were associated with significantly higher serum
Mg levels, while those with low serum Mg, and
were associated with increased total white blood
cells count. Therefore, response to infectious
disease by dogs with low serum Mg levels might
have worse consequences. Several lines of
evidence support a role for inflammation as the
major origin of oxidative stress. The
inflammatory response has been proposed to be
responsible for oxidative damage during Mg

deficiency (Mazur et al, 2007). Indeed,
numerous studies reported indices of the
oxidative stress in Mg-deficient animals:

enhanced tissue erythrocyte and lipoprotein
peroxidation, oxidative modification of proteins,
reduced antioxidant status, and increased
plasma nitric oxide (NO) (Freedman et al.,
1991; Bussiere et al, 2002; Petrault et al.,
2002). These observations indicated that Mg-
deficient animals are more sensitive to oxidative
stress. Van Orden et al. (2006) observed that
dietary Mg influences both serum and plasma
Mg levels. They noticed a two fold increase in
circulating leukocytes in rats fed Mg deficient
diet. Malpuech-Brugere et al. (2000) also
confirmed the occurrence of an inflammatory
response in Mg deficient rats. Blood leukocytes
response  and changes in leukocyte
subpopulations are also consequences of Mg
deficiency (Kashiwa and Hungerford, 1958;
Kurantsin-Mills et al., 1997). Another study with
a spin-trapping technique also indicated that Mg
deficiency results in an increase in production of
free radicals (Rock et al., 1995).

This study also revealed significantly
lower serum Mg levels in dogs that were
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lymphopenic, while dogs with normal
lymphocyte counts had higher serum Mg levels.
The possibility that animals with compromised
immune status will have hypomagnesaemia
exists. Lower Mg levels are not accompanied by
a rise in lymphocyte counts and the slight
decrease in the proportion of CD5 and CD8 cells
might reflect a decrease of humoral immunity
concomitant with thymus alterations (Malpuech-
Brugere et al, 1999). One of the most
remarkable results, regarding effects of Mg
deficiency is the higher level of apoptosis shown
in thymuses from Mg-deficient rats compared
with controls (Malpuech-Brugere et al, 1999).
Mg-dependent functions in the synthesis,
release and activity of cells of immune system
have been reported /n vivo and in vitro studies.
Mg deficiency in animals is associated with
impairments of both humoral and cell mediated
immunity. Production and activity including cell
adhesion, of granulocyte and mononuclear
phagocytes are affected by the availability of Mg
(Kubenam, 1994). Levels of immunoglobulin G
(IgG) may be reduced and IgE increased during
Mg deficiency.

Hypoproteinaemic and hypoalbuminaemic
dogs had low serum Mg while those with normal
and higher protein and albumin levels had
higher Mg levels. This shows that animals with
low protein and albumin are prone to
hypomagnesaemia and thus incompetent to
successfully combat infections. Reduction in the
serum albumin will also decrease the total
serum Mg, since about 25 % of the Mg is bound
to albumin (Elin, 1988). Kroll and Elin (1985)
and Cheungpasitporn et al. (2015) noted that
albumin and Mg are linearly related implying
that Mg concentration is dependent on albumin
concentration. They estimated that 25 % of Mg
is bound by albumin, 8 % bound to globulin and
32 % to total protein. Thus, of the Mg bound to
protein, about three-quarters is bound to
albumin and the rest to globulin. Nielsen (1969)
stated that Mg binds preferentially to albumin
and alpha-2 globulin. Therefore, it appears that
the lower the albumin level, the lower the level
of serum Mg; which was observed in this study.

This work also showed that dogs with
globulin levels within reference values are
associated with significantly higher serum Mg
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than those with increased globulin levels. This
may be because hyperglobulinaemic dogs may
be undergoing an immunologic response,
resulting in higher demands for Mg in the body.

Conclusion: This work has shown that local
dogs with poor haematological health indices;
low PCV, platelet counts, lymphocyte numbers
and low serum total protein and albumin had
significantly altered serum Mg levels.

ACKNOWLEDGMENTS

The authors wish to appreciate staff of the
Department of Veterinary Pathology, University
of Ibadan, for their assistance in ensuring that
this work was a success. Worthy of mention are
Mrs. Josephine Ademakinwa and Mrs. Adeyeyi
Ayomikun for the analyses of samples.

REFERENCES

BARADARAN, A. and NASRI, H. (2005). Impact
of parathormone hormone on platelet
count and mean volume in end-stage
renal failure patients on regular
hemodialysis. Journal of Medical Sciences,
5(4): 266 — 271.

BORELLI, P., BARROS, F. E. V., NAKAJIMA, K.,
BLATT, S. L., BEUTLER, B., PEREIRA, J.,
TSUJITA, M., FAVERO, G. M. and FOCK,
R. A. (2009). Protein-energy malnutrition
halts hemopoietic progenitor cells in the
GO0/G1 cell cycle stage, thereby altering
cell production rates. Brazilian Journal of
Medical and Biological Research, 42(6):
523 - 530.

BRECHER, G. and CRONKITE, E. P. (1950).
Morphology and enumeration of human
blood platelets. Journal of Applied
Physiology, 3(6): 365 — 377.

BUSSIERE, F. I., GUEUX, E., ROCK, E.,
GIRARDEAU, J. P., TRIDON, A., MAZUR,
A. and RAYSSIGUIER, Y. (2002). Increased
phagocytosis and production of reactive
oxygen species by neutrophils during
magnesium deficiency in rats and
inhibition by high magnesium
concentration. British Journal of Nutrition,
87(2): 107 - 113.

3555

CARROLL, R. G., IAMS, S. G., PRYOR, W. H. and
ALLISON, E. J. (1990). Serum magnesium
increases following severe hemorrhage in
dogs blocked by verapamil treatment.
Resuscitation, 19(1): 41 — 52.

CHEUNGPASITPORN, W., THONGPRAYOON, C.
and QIAN, Q. (2015). Dysmagnesemia
in hospitalized patients: prevalence and
prognostic importance. Mayo Clinic
Proceedings, 90(8): 1001 — 1010.

CHOCCALINGAM, C., KANNA NANDAGOPAL
RADHA, R. and SNIGDHA, N. (2017).
Estimation of platelet counts and other
hematological parameters in pseudo-
thrombocytopenia using alternative
anticoagulant:  magnesium  sulfate.
Clinical ~ Medicine  Insights:  Blood
Disorders, 10: 1 — 6.

COSENS, G., DIAMOND, I., THERIAULT, L. L.
and HURLE, L. S. (1977). Magnesium
deficiency anemia in the rat fetus.
Pedlatric Research, 11(6): 758 — 764.

DEHEINZELIN, D., NEGRI, E. M., TUCCI, M. R,,
SALEM, M. Z.,, DA CRUZ, V. M,
OLIVEIRA, R. M., NISHIMOTO, I. N. and
HOELZ, C. (2000). Hypomagnesemia in
critically ill cancer patients: a prospective
study of predictive factors. Brazilian
Journal of Medical and Biological
Research, 33(12): 1443 — 1448.

ELIN, R. J. (1988). Magnesium metabolism in
health and disease. Disease-a-Month,
34(4): 166 — 218.

ELIN, R. J., UTTER, A., TAN, H. K. and CORASH,
L. 1980. Effect of magnesium deficiency
on erythrocyte aging in rats. The
American Journal of Pathology, 100(3):

765 — 778.
FIACCADORI, E. N., DEL, S. C., COFFRINI, E.
M., MELE), R. 0., VITALL, P. I,

GUARIGLIA, A. C. and BORGHETTI, A.
L. (1988). Muscle and serum magnesium
in pulmonary intensive care unit patients.
Critical Care Medicine, 16(8): 751 -
760.

FREEDMAN, A. M., CASSIDY, M. M. and
WEGLICKI, W. B. (1991). Magnesium-
deficient myocardium demonstrates an
increased susceptibility to an in vivo

Animal Research International (2020) 17(1): 3550 — 3558



Association of serum magnesium with dogs haematological health indices

oxidative stress. Magnesium Research,
4(3-4): 185 - 189.

GRIES, A., BODE, C., GROSS, S., PETER, K.,
BOHRER, H. and MARTIN, E. (1999).
The effect of intravenously administered
magnesium on platelet function in
patients after cardiac surgery. Anesthesia
and Analgesia, 88(6): 1213 — 1219.

GULLIKSSON, H., AUBUCHON, J. P., CARDIGAN,
R., VAN DER MEER, P. F., MURPHY, S.,
PROWSE, C., RICHTER, E., RINGWALD,
J., SMACCHIA, C., SLICHTER, S. and DE
WILDT-EGGEN, J. (2003). Storage of
platelets in additive solutions: a
multicentre study of the in vitro effects
of potassium and magnesium. Vox
Sanguinis, 85(3): 199 — 205.

HUMPHREY, S., KIRBY, R. and RUDLOFF, E.
(2015). Magnesium physiology and
clinical therapy in veterinary critical
care. Journal of Veterinary Emergency
and Critical Care, 25(2): 210 — 225.

HWANG, D. L., YEN, C. F. and NADLER, J. L.

(1992). Effect of extracellular magnesium

on platelet activation and intracellular

calcium mobilization. American Journal of

Hypertension, 5: 700 — 706.

N. C. (1986). Schalm’s Veterinary

Hematology. Fourth Edition, Lea and

Febriger, Philadelphia, USA.

JAIN, N. C. (1993). Evaluation of anemias and
polycythemias. Im: JAIN, N. C. (Ed.).
Essentials of Veterinary Hematology.
Lea and Febriger, Philadelphia, USA.

JAMES, M. F. M. and NEIL, G. (1995). Effect of
magnesium on coagulation as measured
by thrombelastography. British Journal
of Anaesthesia, 74: 92 — 94.

KASHIWA, H. K. and HUNGERFORD, G. F.

(1958). Blood leucocyte response in rats

fed a magnesium deficient diet.

Proceedings of the Society for

Experimental Biology and Medicine,

99(2): 441 — 443.

T. A. and ZAFAR, F. (2005).

Haematological study in response to

varying doses of estrogen in broiler

chicken. International Journal of Poultry

Science, 4(10): 748 — 751.

JAIN,

KHAN,

3556

KROLL, M. H. and ELIN, R. J. (1985).

Relationships between magnesium and

protein concentrations in serum. Clinical

Chemistry, 31(2): 244 — 246.

KUBENAM, K. S. (1994). The role of magnesium
in immunity. Journal of Nutritional
Immunology, 2(3): 107 — 126.

KURANTSIN-MILLS, J., CASSIDY, M. M,
STAFFORD, R. E. and WEGLICKI, W. B.
(1997). Marked alterations in circulating
inflammatory cells during cardiomyopathy
development in a magnesium-deficient rat
model. British Journal of Nutrition,
78(5): 845 — 855.

LOBATO, E., MORENO, J., MERINO, S., SANZ, J.
J.. and ARRIERO, E. (2005).
Haematological variables are good
predictors of recruitment in nestling
pied flycatchers (Ficedula hypoleuca).
Ecoscience, 12(1): 27 — 34.

MALPUECH-BRUGERE, C., NOWACKI, W.,
GUEUX, E., KURYSZKO, J., ROCK, E.,
RAYSSIGUIER, Y. and MAZUR, A.
(1999). Accelerated thymus involution
in magnesium-deficient rats is related to
enhanced apoptosis and sensitivity to
oxidative stress. British Journal of
Nutrition, 81(5): 405 —411.

MALPUECH-BRUGERE, C., NOWACKI, W.,
DAVEAU, M., GUEUX, E., LINARD, C.,
ROCK, E., LEBRETON, J. P., MAZUR, A.
and RAYSSIGUIER, Y. (2000).
Inflammatory response following acute
magnesium deficiency in the rat.
Biochimica et Biophysica Acta (BBA) -
Molecular Basis of Disease, 1501(2): 91

- 98.
MENDELSON, A. and FRENETTE, P. S. (2014).
Hematopoietic ~ stem cell niche

maintenance during homeostasis and
regeneration. Nature  Medicine, 20(8):
833 - 846.

MARTIN, L. G., MATTESON, V. L., WINGFIELD,
W. E., VAN PELT, D. R. and HACKETT,
T. B. (1994). Abnormalities of serum
magnesium in critically il dogs:
incidence and implications. Journal of
Veterinary Emergency and Critical
Care, 4(1): 15 - 20.

Animal Research International (2020) 17(1): 3550 — 3558



Gurumyen et al.

MAZUR, A., MAIER, J. A., ROCK, E., GUEUX, E.,

NASRI,

NASRI,

NOWACKI, W. and RAYSSIGUIER, Y.
(2007). Magnesium and the inflammatory
response: potential physiopathological
implications. Archives of Biochemistry and
Biophysics, 458(1): 48 — 56.

H. and BARADARAN, A. (2006). Platelet
count and mean volume (MPV) in
association with plasma HCOs-in regular
hemodialysis patients. Revista Brasileira
de Hematologia e Hemoterapia, 28(2):
127 - 130.

H., SHIRANI, S. and BARADARAN, A.
(2006). Association of platelet count
and mean platelet volume with serum
C-reactive protein in regular hemodialysis
patients. Asian Journal of Cell Biology, 1:
59 - 64.

NIELSEN, S. P. (1969). Free and protein-bound

magnesium in normal human plasma
determined by ultracentrifugation and
ultrafiltration. Scandinavian Journal of
Clinical and Laboratory Investigation,
23(3): 219 — 225.

NOGUEIRA-PEDRO, A., DOS SANTOS, G. G.,

OLIVEIRA, D. C. D., HASTREITER, A. A.
and FOCK, R. A. (2016). Erythropoiesis
in vertebrates: from ontogeny to clinical
relevance. Frontiers in Bioscience, Elite,
8: 100 - 112.

OLIVEIRA, D. C., NOGUEIRA-PEDRO, A,

SANTOS, E. W., HASTREITER, A,
SILVA, G. B., BORELLI, P. and FOCK, R.
A. (2018). A review of select minerals
influencing the haematopoietic process.
Nutrition Research Reviews, 31(2): 267
- 280.

PETRAULT, L., ZIMOWSKA, W., MATHIEU, J.,

BAYLE, D., ROCK, E., FAVIER, A,
RAYSSIGUIER, Y. and MAZUR, A.
(2002). Changes in gene expression in
rat thymocytes identified by cDNA array
support the occurrence of oxidative
stress in early magnesium deficiency.
Biochimica et Biophysica Acta (BBA) -
Molecular Basis of Disease, 1586(1): 92
—-98.

QUAMME, G. A. and DE ROUFFIGNAC, C.

(2000). Epithelial magnesium transport

3557

and regulation by the kidney. Frontiers
in Bioscience, 5: 694 — 711.

REINHART, R. A. and DESBIENS, N. A. (1985).
Hypomagnesemia in patients entering
the ICU. Gritical Care Medicine, 13(6):
506 — 507.

ROCK, E., ASTIER, C., LAB, C., VIGNON, X.,
GUEUX, E., MOTTA, C. and
RAYSSIGUIER, Y. (1995). Dietary
magnesium deficiency in rats enhances
free radical production in skeletal
muscle. Journal of Nutrition, 125(5):
1205 - 1210.

RUKSHIN, V., AZARBAL, B., SHAH, P. K., TSANG,
V. T., SHECHTER, M., FINKELSTEIN, A.,
CERCEK, B. and KAUL, S. (2001).
Intravenous magnesium in experimental
stent thrombosis in swine.
Arteriosclerosis, Thrombosis and Vascular
Biology, 21(9): 1544 — 1549.

RUKSHIN, V., SHAH, P. K., CERCEK. B,
FINKELSTEIN, A., TSANG, V. and KAUL,
S. (2002). Comparative antithrombotic
effects of magnesium sulfate and the
platelet glycoprotein IIb/IIIa inhibitors
tirofiban and eptifibatide in a canine
model of stent thrombosis. Circulation,
105(16): 1970 — 1975

RYZEN, E. L., WAGERS, P. W., SINGER, F. R.
and RUDE, R. K. (1985). Magnesium
deficiency in a medical ICU population.
Critical Care Medicine, 13(1): 19 — 21.

SCHUFF-WERNER, P., STEINER, M., FENGER, S.,
GROSS, H. J., BIERLICH, A., DREISSIGER,
K., MANNUB, S., SIEGERT, G., BACHEM,
M. and KOHLSCHEIN, P. (2013). Effective
estimation of correct platelet counts in
pseudothrombocytopenia  using  an
alternative anticoagulant based on
magnesium  salt. British Journal of
Haematology, 162(5): 684 — 692.

SHECHTER, M., MERZ, C. N. B., RUDE, R. K.,
LABRADOR, M. J. P., MEISEL, S. R,,
SHAH, P. K. and KAUL, S. (2000). Low
intracellular magnesium levels promote
platelet-dependent thrombosis in patients
with coronary artery disease. American
Heart Journal, 140(2): 212 — 218.

TAUSZIG, M. E., PICKER, S. M. and GATHOF, B.
S. (2012). Platelet derived cytokine

Animal Research International (2020) 17(1): 3550 — 3558



Association of serum magnesium with dogs haematological health indices : 3558

accumulation in platelet concentrates
treated for pathogen  reduction.
Transfusion and Apheresis Science,
46(1): 33 -37.

VAN ORDEN, R., EGGETT, D. L. and FRANZ, K.
B. (2006). Influence of graded magnesium
deficiencies on white blood cell counts
and lymphocyte subpopulations in rats.
Magnesium Research, 19(2): 93 — 101.

XU, X., HALL, J., BYLES, J. and SHI. Z. (2017).
Dietary pattern, serum magnesium,

ferritin, C-reactive protein and anaemia
among older people. Clinical Nutrition,
36(2): 444 — 451.

ZHAN, Y., CHEN, R., ZHENG, W., GUO, C., LU,

L., JI, X.,, CHI, Z. and YU, J. (2014).
Association between serum magnesium
and anemia: China health and nutrition
survey. Biological Trace Element
Research, 159(1-3): 39 — 45.

This article and articles in Animal Research International are Freely Distributed Online
and Licensed under a Creative Commons Attribution 4.0 International License (CC-BY

4.0) https://creativecommons.org/licenses/by/4.0/

Animal Research International (2020) 17(1): 3550 — 3558




