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ABSTRACT

Magnesium and zinc are important trace elements that have important
roles in metabolism, immune function and blood cell formation.
The effects of dietary supplementation with magnesium and zinc
on erythrocyte, leukocyte, platelet parameters and erythrocyte
osmotic fragility were studied here. Rats were implanted with several
magnesium - zinc alloys in the muscle next to the femur. The animals
were divided into seven groups and in the 4th and 7th weeks blood
samples were collected for hemogram analysis and osmotic fragility
test. The groups were: Control, magnesium (4th and 7th week),
magnesium + zincl (4th and 7th week) and magnesium + zinc3
(4th and 7th week). The mean corpuscular volume and red blood
cell distribution frequency values were significantly higher in the
magnesium + zinc3 (4th week) group, while the mean corpuscular
volume value was lower in the magnesium (7th week) group. A
decrease in lymphocyte count and percentage was observed only in the
magnesium + zincl (4th week) group, whereas the increase was found
in the magnesium (7th week) group. Neutrophil count and percentage
were significantly increased in magnesium + zincl (4th week) whereas
decreased in both groups of magnesium + zinc at 7th week. Hemolysis
levels at sodium chloride 0.4 % and 0.5 % concentration were no less
than 94 and 86 %, respectively, for the magnesium + zinc3 (7th week)
group. It seems that the magnesium + zinc mixture may influence
erythropoiesis and might produce macrocytosis as well as anisocytosis
changes, which could normalize over time by physiological adaptation.
The stable increments achieved in the magnesium group also indicate a
more constant role for magnesium in homeostasis of blood elements.
Key words: Biocompatibility; fragility; hemogram; magnesium alloy;
zinc alloy.
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RESUMEN

El magnesio y el zinc son oligoelementos que desempenan funciones
importantes en el metabolismo, la funcion inmunitaria y la formacion
de células sanguineas. Se estudiaron los efectos de la suplementacion
dietética con magnesio y zinc en los parametros de eritrocitos,
leucocitos, plaquetas y fragilidad osmotica de los eritrocitos. Se
implantaron varias aleaciones de magnesio - zinc en ratas en el
musculo préximo al fémur. Los animales se dividieron en siete grupos
y en la cuarta y séptima semanas se recogieron muestras de sangre
para el analisis del hemograma y la prueba de fragilidad osmédtica.
Los grupos fueron: Control, magnesio (cuarta y séptima semana),
magnesio + zincl (cuarta y séptima semana) y magnesio + zinc3
(cuarta y séptima semana). Los valores de volumen corpuscular medio
y amplitud de distribucion eritrocitaria fueron significativamente mas
altos en el grupo magnesio + zinc3 (semana 4), mientras que el valor
de volumen corpuscular medio fue mas bajo en el grupo magnesio
(semana 7). Se observé una disminucidn en el recuento y el porcentaje
de linfocitos solo en el grupo magnesio + zincl (semana 4), mientras
que el aumento se encontro en el grupo magnesio (semana 7). El
recuento y el porcentaje de neutréfilos aumentaron significativamente
en magnesio + zincl (semana 4), mientras que, disminuyeron en ambos
grupos de magnesio + zinc en la semana 7. Los niveles de hemolisis
en una concentracién de cloruro de sodio al 0,4 % y 0,5 % no fueron
inferiores al 94 y 86 %, respectivamente, para el grupo magnesio +
zinc3 (semana 7). Parece que la mezcla magnesio + zinc puede tener
un efecto sobre la eritropoyesis y podria producir macrocitosis, asi
como cambios de anisocitosis, que podrian normalizarse con el tiempo
por adaptacién fisioldgica. Los incrementos estables logrados en el
grupo magnesio también indican un papel mas constante del magnesio
en la homeostasis de los elementos sanguineos.

Palabras clave: Biocompatibilidad; fragilidad; hemograma; aleacién de
magnesio; aleacion de zinc.
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INTRODUCTION

The main cellular components of blood are erythrocytes,
which make up most of the cell volume in the haematocrit.
Their haemoglobin content gives them both their red colour and
their oxygen-carrying function. Because of their high surface-
to-volume ratio, they are highly deformable without losing their
integrity. Although they are fairly resistant to the mechanical
stresses of passing through small capillaries, they are susceptible
to osmotic changes. This is why the pH and osmotic value of
the blood are kept constant within a narrow range. This fragility
of erythrocytes has given rise to an important laboratory test.
This is the erythrocyte osmotic fragility test, an indicator of
membrane stability. This stability is affected by factors such as
oxidative stress induced lipid peroxidation, protein carbonylation
and loss of spectrin, the main mechanical support network of the
erythrocyte cell membrane. At a certain level, erythrocytes lose
their resistance to these changes and begin to disintegrate [1].

The hemogram (complete blood count) is a fundamental
laboratory test that quantitatively evaluates the cellular
components of blood. It provides critical data in clinical and
physiological stress conditions [2] as well as in experimental
studies [3].

This test measures erythrocyte (red blood cell), leukocyte
(white blood cell), and platelet counts, along with some
volumetric and proportional parameters related to these cells. It
is utilized in the diagnosis of a wide range of conditions including
blood disorders, infections, inflammation [2, 4], anemia,
poisoning [5, 6], diabetes [7, 8] and immune system disorders [9].

Zinc (Zn) is the most commonly used alloying element in
magnesium (Mg) alloys. Zn refines the grain structure of Mg and
improves its mechanical properties. Mg-Zn alloys typically contain
1-6 % Zn, a concentration that influences both the strength and
corrosion resistance of the alloy [10]. When in contact with body
fluids, Mg-Zn alloys gradually degrade. Corrosion resistance
increases with Zn content up to a certain level, but excessive
Zn may impair solubility. Hydrogen gas release and pH changes
during degradation should be carefully monitored [11].

Magnesium-Zinc alloys demonstrate low cytotoxicity in
biological environments and cause physiological changes in
blood mineral levels and urine profiles [12, 13]. The degradation
products Mgt and Zn?* may support bone tissue regeneration.
However, uncontrolled degradation can damage cell membranes
and cause hemolysis [14].

Elevated pH and metal ion release during alloy degradation
may harm erythrocyte membranes. Zn and Mg ions are believed
to disrupt ionic balance in the membrane, increasing erythrocyte
susceptibility to hemolysis. The severity of this effect depends on
the alloy composition and surface treatments [15].

The release of Mg and Zn ions may also be associated
with macrophage activation and cytokine production. Zn’s
immunomodulatory effect, particularly on T-cell activity, is well
documented [16].

Excessive Zn intake has been shown to increase erythrocyte
osmotic fragility, leading to microcytic hypochromic anemia. This
is thought to result from Zn interfering with copper (Cu) and iron
(Fe) absorption, which induces oxidative stress Zn deficiency also
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increases erythrocyte osmotic fragility due to reduced membrane
stability. [17].

Magnesium supplementation has been reported to increase
hemoglobin levels and erythrocyte counts, and to positively affect
erythropoiesis by supporting erythropoietin (EPO) production
[18]. Mg-gluconate has been shown to reduce lipid peroxidation
in erythrocyte membranes, thereby decreasing osmotic fragility
and enhancing membrane stability [19].

Biodegradable alloys containing Mg and Zn can cause
hemolysis and cytotoxicity when in contact with erythrocytes,
primarily due to pH changes and corrosion by-products. Surface
treatments such as micro-arc oxidation applied to Mg-Zn-Ca
alloys have been shown to reduce hemolysis and improve blood
compatibility [20, 21]1.

This study aimed to investigate the effects of Mg and Mg + Zn
supplementation on hematological parameters in experimental
groups. Although the direct effects of Zn addition to Mg alloys on
hemogram and erythrocyte osmotic fragility have not been widely
studied, findings from existing literature [11, 22] indicate that
both elements play significant roles in hematological parameters
and erythrocyte membrane stability. Therefore, more specific
research on the biocompatibility and hematological effects of Mg-
Zn alloys is needed, as this topic is typically examined within the
contexts of biomaterials and implant biocompatibility or mineral
supplementation and hematological health.

MATERIALS AND METHODS

This research was carried out at the Van Yuzuncu Yil
University Experimental Research Center, with approval granted
by the Sivas Cumhuriyet University Animal Experimentation Local
Ethics Committee (Approval Number: 80, Date: 22.08.2025).

Previously in vitro biocompatibility-tested pure Mg and Mg-Zn
alloy implants were used [13]. The implants were placed under
appropriate conditions into the “gluteus-superficialis” muscle, a
mobile muscle located near the femur of the rats Wistar Albino
(Rattus norvegicus).

The rats were divided into 7 groups: Control group, Mg group
(4th and 7th weeks), Mg + Zn 1 group (4th and 7th weeks), and
Mg + Zn 3 group (4th and 7th weeks). At the end of the 4th and
7th weeks, under anesthesia (i.p. injection of 70 mg/kg ketamine-
HCl and 10 mg/kg xylazine-HCl), blood was collected from the
hearts of the rats using sterile syringes and transferred into
ethylenediaminetetraacetic acid (EDTA)-containing tubes.

The experimental study was conducted at the Yizinci Yil
University Animal Research Center. Erythrocyte parameters
assay: Red blood cell (RBC) count, haemoglobin content (HGB),
haematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC) and red blood cell distribution frequency
(RDWC) were determined in whole blood using the rat mode of a
Veterinary blood cell counter (Abocus Junior Vet-5, Austria) [1].

Red blood cell fragility measured: Erythrocyte fragility
was measured at 546 nm using a spectrophotometric device
(Boeco, S-22 UV/Vis, Germany). Solutions containing different
concentrations of NaCl and distilled water between 0.1, 0.4,
0.5 and 0.85 % were prepared. Buffering of the solutions



was ensured by adding sufficient amounts of Na2HPO4 and
NaH2PO4. After blood collection in tubes containing Dipotassium
EDTA, blood samples were incubated for 24 hours (h) at room
temperature. 30 microlitres of blood were added to the dilution
tubes. Each tube contains 2 mL of solutions. Mixed blood
was incubated for 30 minutes (min) and centrifuged (Hettich,
Universal 320R, Germany) for 5 min to 402 G. The supernatant
fractions were placed in the spectrophotometer and recorded [1].

Stastical analysis

Data were presented as meantstandard deviation. SPSS
version 21 was used for statistical analysis. One Way Annova
and tukey test were used for comparison of erythrocyte
fragility and blood cells.

RESULTS AND DISCUSSION

Mean Corpuscular Volume values in the Mg Zn 3 4th
week group significantly increased, while in the Mg 7th week
group, they decreased significantly. The RDWc parameter
was significantly higher in the Mg Zn 3 4th week group
compared to the control and most other groups. HGB and
HCT values were lower in the Mg Zn 3 (4th week) group, but
this difference was statistically insignificant (TABLE I).

The increase in MCV values in the MgzZn3 (4th week)
group (Shown in TABLE I) indicates an enlargement in the
average volume of erythrocytes, suggesting macrocytosis.
In contrast, a significant decrease in MCV was observed
in the Mg (7th week) group, indicating microcytic (small-
sized) erythrocytes. This suggests that Zn or Mg may
influence cell size regulation.

Furthermore, the significant increase in RDWC
(TABLE I) suggests that the erythrocyte population
became heterogeneous in size, indicating anisocytosis
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(erythrocytes of varying sizes). Such changes are typically
associated with stress responses in erythropoiesis or
vitamin deficiencies.

Zinc plays a role in cell proliferation and DNA synthesis,
making it important in the erythropoiesis process.
However, high doses of Zn supplementation can interfere
with Cu and Fe absorption, leading to hematological
disorders [23].

Magnesium is an important cofactor in ribosomal
functions and ATP production. Mg deficiency can disrupt
the hematopoiesis process [24]. In this study, it is
suggested that the combination of Mg Zn alloys imposes
additional stress on erythrocytes during the adaptation
period.

In the Mg group, a slight increase in RBC, HGB, and HCT
values (Shown in TABLE I) was observed between the 4th
and 7th weeks. In the MgzZn1 and Mg Zn3 groups, the trend
of improvement or deterioration over time was unclear, but
more stable values were observed in the 7th week.

Lymphocyte count showed a significant decrease in
the Mg Zn 1 4th week group, while a significant increase
was observed in the Mg group (7th week). In terms of
lymphocyte % values, a significant decrease was observed
in the Mg Zn 1 group (4th week), while a significant
increase was noted in the Mg Zn 1 group (7th week)
and Mg Zn 3 group (7th week). A significant increase in
neutrophil count was found in the Mg Zn 1 4th week group.
In neutrophil % values, a significant increase was observed
in the Mg Zn 1 group (4th week), whereas a significant
decrease was seen in the Mg Zn 1 group (7th week) and
Mg Zn 3 group (7th week) (TABLE II).

TABLE I
Comparison of erythrocyte hematological parameters in control and experimental groups receiving magnesium and magnesium-zinc
supplementation at the 4th and 7th weeks

RBC 101%/L HGB (g/dL) HCT (%) MCV (fl) MCH (pg) MCHC (g/dL) RDWC (%)
Control group 7,482+ 0,13 14,102+0,31 41,272+0,60 55,402 +0,66 18,842+0,44 34,162+0,81 16,7823 +0,13
E’lghgmUpk) 7,142 +£0,48 13,542+0,29 39,452+294 54,8023 +1,05 19,522+1,34 35,682+3,04 15,782+0,36
4th wee
MgZnilgroup 7,372+0,27 14,15%+0,39 39,152+1,73 54,60% +0,21 19,61%+1,18 35852+2,15 17,302 +0,26
(4th week)
MgZn3group 6,762+0,48 12,672+0,59 39,102+1,52 60,64°+3,31  19,212+0,80 31,702+1,03 18,49° +0,95
(4th week)
Mg group 7,433+0,08 14,163+0,34 40,032+0,62 53,802+0,40 19,122+0,43 35462+0,83 16,282+0,24
(7th week)
MgZn1group 6,902+0,46 13,722+0,24 39,722+2,46 57,833 +0,83 20,502+1,84 35,402+2,71 15,732+0,39
(7th week)
Mg Zn 3 group 6,922+0,87 12,582+1,48 37,702+4,64 54,833 +1,19 18,422+0,44 33,652+0,71 16,202%0,23
(7th week)

RBC: red blood cells; HGB: Hemoglobin; HCT: Hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC:
mean corpuscular hemoglobin concentration, RDWC: distribution frequency of red blood cell. The results are the means + SD for 8 rats in
each group. There is a significant difference between groups with different letters. (P < 0.05)
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TABLE I1
Comparison of leukocyte parameters in control and experimental groups receiving magnesium and magnesium-zinc supplementation at
the 4th and 7th weeks

WBC (10° /L) LYM (10° /L) MON (10° /L) NEU (10° /L) LY (%) MO (%) NE (%)
Control group 5,75+ 0,52 4,362 +0,44 0,372+0,40 1,012+0,07 75,66 +1,58 6,502+1,44 17,822 +0,53
E/Ighgroupk) 5,832+0,86 4,222 +0,60 0,272+0,14 1,363 +0,18 72,36° +£1,59 3,662+1,29 23,96° £2,04
4th wee
MgZnilgroup 5,702+0,84 3,442+0,49 0,372+0,08 1,992+0,29 59,473+0,70  6,612+0,94 34,23°+0,38
(4th week)
MgZn3group 7,022+0,58 5283 +0,55 0,302+0,06 1,432 +0,14 74,97 £3,29 4,072+0,70 21,3723 £3,29
(4th week)
Mg group 8,732+1,08 6,645 +1,28 0,272+0,09 1,192+0,07 78,920 +3,27 3,662+£0,93 17,443 +2,74
(7th week)
MgZnilgroup 6,272+0,33 5252 +0,30 0,162+0,01 0,852+0,07 83,64°+1,12 2662+0,15 13,722+1,05
(7th week)
MgZn3group 6,742+0,64 5562 +0,56 0,182+0,01 1,002+0,08 82,16°+0,86 2,70%+0,15 15,142+0,82
(7th week)

WBC: White blood cells; LYM: lymphocyte counts; MON: monocyte counts; NEU: neutrophil counts; LY %: lymphocyte percentage; MO %:
monocyte percentage; NE %: neutrophil percentage The results are the means + SD for 8 rats in each group. There is a significant difference

between groups with different letters. (P < 0.05)

An increase in neutrophil percentage in the Mg Zn 1 (4th
week) (TABLE II) group suggests a possible acute inflammatory
response. Zn supplementation reduced neutrophil percentages
in the following weeks (7th week), indicating a potential immune
regulation effect. Meanwhile, in the Mg (7th week) group, and
in the Mg Zn 3 (7th week) and Mg Zn 1 (7th week) groups, the
increase in lymphocyte percentage (82-83 %) (Shown in TABLE
2) suggests modulation and adaptation in the immune system.
The highest total leukocyte count in the Mg (7th week) group
indicates ongoing immune system activation.

Leukocyte counts are important parameters in determining
immune status [9]. Zn affects adaptive immunity by enhancing
T cell differentiation and Th1 responses [16]. Mg supports
neutrophil functions and chemotaxis [25]. This may explain the
increase in neutrophil count in the Mg-supplemented groups.

No significant differences were observed in parameters such
as platelet (PLT), mean corpuscular volume (MPV), and platelet

distribution width (PDWC) across all groups. However, platelet
count in the Mg Zn 3 (4th week) group was relatively lower (TABLE
I1I). This should be monitored carefully.

While Zn deficiency can cause thrombocytopenia, excessive
Zn intake may affect platelet function via Cu antagonism [26].
No significant differences were found in PLT, MPV, and PDWC
values, but platelet count was relatively lower in the Mg Zn 3 (4th
week) group (TABLE III). This may suggest mild bone marrow
suppression.

While hemolysis rates were low in the control group at 0.4
and 0.5 NaCl concentrations (34 % and 11 %), these rates were
quite high in the Mg Zn 3 (7th week) group at 94 % and 86 %,
respectively (TABLE 1V).

TABLE III
Comparison of platelet parameters in control and experimental groups receiving magnesium and
magnesium-zinc supplementation at the 4th and 7th weeks

PLT (10° /L)

PCT (%)

MPV (fl)

PDWC (%)

Control group

Mg group (4th week)

Mg Zn 1 group (4th week)
Mg Zn 3 group (4th week)
Mg group (7th week)

Mg Zn 1 group (7th week)
Mg Zn 3 group (7th week)

677,00a*9,24
633,60 a + 35,98
673,16 a =+ 38,79
572,53 a+ 39,83
621,40a + 80,62
631,33 a+52,49
641,33 a+125,02

0,46 a+ 0,00
0,44 a+0,03
0,47 a+0,03
0,40a+0,02
0,44 a+0,06
0,45a+0,04
0,45a+ 0,09

6,80 a+ 0,07
6,90 a+ 0,08
7,08 a+0,27
7,04a+0,14
7,25a+0,16
7,23a+0,08
6,98 a + 0,09

34,62a+0,40
34,72 a+0,20
34,50a+0,93
34,96 a+ 0,47
33,67 a+0,87
34,78 a+ 0,53
34,25a+0,25

PLT: platelet count; PCT: plateletcrit; MPV: mean corpuscular volume; PDWC: platelet distribution width.
The results are the means + SD for 8 rats in each group. There is a significant difference between groups

with different letters. (P < 0.05)
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Comparison of erythrocyte osmotic fragility at different sodium chloride concentrations in control and
experimental groups receiving magnesium and magnesium-zinc supplementation

0.1 (%) 0.4 (%) 0.5 (%) 0.9 (%)
CONTROL 100 34° 11b 0
Mg (4th week) 100 6523 483 0
Mg Zn 1 (4th week) 100 792 423 0
Mg Zn 3 (7th week) 100 772 743 0
Mg (7th week) 100 792 742 0
Mg Zn 1 (7th week) 100 872 852 0
Mg Zn 3 (7th week) 100 942 862 0

n = 6 for each groups. Results were presented as mean percent hemolysis at different concentrations of
sodium chloride (NaCl). There is a significant difference between groups with different letters. (P < 0.05)

Zinc can reduce membrane stability by interacting with
protein structures in the cell membrane [27]. Mg, on the other
hand, is known to decrease membrane permeability; however,
in this study, high-dose combinations appeared to have the
opposite effect [28].

The osmotic fragility test is used to evaluate erythrocyte
membrane integrity. In the Mg Zn 3 (7th week) group,
hemolysis rates at 0.4 % and 0.5 % NaCl concentrations
reached 94 % and 86 %, respectively (Shown in TABLE IV).
This indicates that erythrocyte membrane structure was
weakened, making the cells more susceptible to osmotic
stress. However, at the 0.9 % NacCl concentration, all groups-
maintained erythrocyte membrane integrity.

CONCLUSION

Magnesium and Mg + Zn supplementation creates differences
in hematological parameters. The macrocytosis and increased
RDWC observed in the Mg + Zn 3 group should be carefully
evaluated as biological effects. However, in the 7th week, this
group appears to have returned to more stable values, indicating
that the body may have adapted to these changes. Long-term
studies could clarify the persistence and biological significance of
these effects.
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