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Introduction

Malnutrition is a condition in which the
body is deficient or excessive in macronutrients
and micronutrients such as carbohydrates, fats,
proteins and vitamins. Until now, protein
malnutrition is still the most serious problem in
the world (FAO, 2015). Malnutrition takes
several forms, including undernutrition, stunting,
wasting,  underweight,  overweight and
micronutrient  deficiencies. Protein  energy
malnutrition is the most common form of
malnutrition. Globally in 2022, it is estimated
that 149 million children under 5 years old will
experience stunted growth, 45 million will be
underweight and 37 million will be obese (WHO,
2024). Malnutrition can affect the hematopoietic
system, causing disruption in the production of
all blood cell lines. Blood has a high rate of
renewal, the hematopoietic system requires a
large and organized supply of nutrients for the
proliferation and maturation of mesenchymal and
hematopoietic stem cells. (Santos et al., 2017).
Current research shows that changes caused by
malnutrition are closely related to the
predominant presence of anemia, leukocytosis
and thrombocytosis in children under five who
suffer from malnutrition (Getawa et al., 2020).
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Abstract: Malnutrition is a condition in which the body is deficient or
excessive in macronutrients and micronutrients such as carbohydrates, fats,
proteins and vitamins. Malnutrition causes changes in body weight and blood
tissue that inhibit the development of hematopoietic cells, resulting in anemia,
leukopenia and bone marrow hypoplasia. This study aimed to examine the
effect of feeding a diet with a protein level of 12% and 20 % for 6-week to
Wistar rats. The parameters seen are the impact on body weight and selected
hematological parameters included white blood cell, monocyte, lymphocyte,
granulocyte, hemoglobin and mean corpuscular volume. This study found that
rats fed with 12% protein showed significant differences in body weight and
hematological
hemoglobin and mean corpuscular volume compared to normal.
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Malnutrition also affects the immune
system. Decreased lymphocytes have been
reported to occur in individuals suffering from
protein malnutrition. Decreased leukopoiesis
interferes with the formation of a rapid and
tailored immune response and causes leukopenia.
Leukopenia is characterized not only by a
decrease in the number of leukocytes but also by
disturbances in the processes carried out by
leukocytes. This condition alter granulocyte-
macrophage colony- stimulating factors,
macrophage colony-stimulating factors and the
production of colony-stimulating factors by
macrophages, which causes reduced immune
responses and the formation and maturation of
blood cells (Oliveira et al., 2016). Many studies
have been conducted regarding malnutrition and
its relationship to hematological parameters,
such as the study by Hastreitet et al. (2020) which
analyzed the impact of PEM on the
hematopoietic system, there is arrest of the
hematopoietic cell cycle and impaired
differentiation. Getawa et al. (2020) studied the
relationship between PEM and diseases such as
anemia, leukocytosis and thrombocytosis. Amir
(2023) also stated that PEM makes consistent
changes in immune competence such as
weakening the antibody response. Previous
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research shows that Protein Energy Malnutrition
(PEM) has a significant impact on the
hematopoietic system in various aspects.
However, it is not yet known whether nutritional
interventions such as consuming a low-protein
diet produces similar effects to PEM conditions.
Therefore, the purpose of this research is to
examine the effect of feeding a diet with a protein
level of 12% and 20 % for 6-week to Wistar rats.
The parameters seen are the impact on body
weight and selected hematological parameters.

Materials and Methods

Animal and Research Design

Five-week-old male Wistar rats (Rattus
norvegicus) were acquired from the animal
housing in Muaropalam, West Sumatra,
Indonesia. One week prior to the experiment,
animals were housed in the laboratory with a
temperature of 25°C, 60% humidity, and a 12-
hour light-dark cycle. Standard pellet feed and
water were provided on an unlimited basis.
During a six-week period, five male Wistar rats
were fed pellet feed containing 12% protein. Rats
were given food and water ad libitum.

Body Weight and Hematological Analysis

Body weight measurements were
conducted on a weekly basis using a laboratory
animal scale (Islam et al., 2021). Following the
completion of a six-week treatment period, all
animals were subjected to sacrifice. Blood
sampling through the cardiac in anesthetized rats.
Blood was taken on the left side of the chest
between the 3rd and 4th costae next to the sinister
sternum. Then the sample is transferred into an
EDTA tube which is analyzed using a
hematology analyzer

Statistical Analysis

Paired sample t-test was used for analysis
of the differences between Normal and Low
Protein Diet groups. p-value is inferior or equal
to 0.05.
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Result and Discussion

Body Weight Analysis

Low-protein diets have a very significant
impact on body weight. The results of the study
in Figure 1 show that mice fed low-protein diets
experienced continuous weight loss, reaching an
average of 14.15% of their initial body weight in
the sixth week. In contrast, mice fed normal diets
with 20% protein content experienced a very
significant increase in body weight, an average of
99.76% in the same period.
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Figure 1. Effect of low protein diet for 6 weeks on rat
body weight.

Protein malnutrition reduces body mass in
humans and animals by impairing metabolic
processes (Schaible & Kaufmann, 2007). Studies
conducted by Bray et al. proved that providing
adequate protein intake can increase body weight
because protein affects energy use and muscle
mass accumulation (Bray et al. 2012).

Hematological Analysis

The results of this study were presented in
Figure 2. Lower mean values in malnourished
rats were observed in the values of white blood
cells, lymphocytes, granulocytes, hemoglobin
and Mean Corpuscular Volume. Meanwhile, the
average values that are higher than normal are
monocytes.
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Figure 2. Results of hematological profile analysis.

Figure 2 (A) shows the low levels of white
blood cells in the malnourished group compared
to normal, especially lymphocytes and
granulocytes. This is because malnutrition can
affect physiological processes, such as
hematopoiesis and  immune  responses.
Modification of the organism's specific and
nonspecific immune responses can cause
structural changes in the lymphoid organs and
areas of the thymus, resulting in decreased
production of hematopoietic cells (Nova et al.,
2002). Bone marrow is a complex tissue
consisting of several hematopoietic cell lineages
at various stages of development. Under normal
conditions, the ratio of the number of
lymphocytes, monocytes, granulocytes, and red
blood cells produced in the bone marrow will
vary from person to person. However, this
difference is still within the range considered
normal. This shows that although the process of
blood cell formation is the same, there is natural
variation in this process in each person.
Malnutrition disrupts the bone marrow's ability
to produce white blood cells, especially
lymphocytes. Lack of nutrients needed for the
process of blood cell formation can inhibit the
growth and division of lymphocyte progenitor
cells in the bone marrow (Touw & Geijn, 2007;
Nova et al., 2002).

Low lymphocyte values may also be
associated with changes in the thymus that are
greatly reduced in children during severe protein
restriction. The degree of thymus atrophy is
closely correlated with lymphocyte depletion and
a decrease in thymus-dependent lymphocytes is
also associated with impaired immunity (Smith
& Cipriano, 1987). Granulocyte formation is
greatly influenced by a cytokine called
granulocyte-colony stimulating factor (G-CSF).
G-CSF, as a powerful hematopoietic growth
factor, stimulates progenitor cells to develop into
granulocytes. having important regulatory
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activity in granulopoiesis (Touw & Geijn, 2007).
Granulocytes produced in the BM and after
maturity are released into the blood and tissues.
Acts as an innate immune response and the
body's first line of immune defense. Lower
granulocytes are caused by compromised GMP,
affecting granulopoiesis (Hastreiter et al., 2020).
Previous studies have shown that malnutrition
not caused by other diseases can cause a decrease
in the number of granulocyte cells and making
them susceptible to infection (Hastreiter et al.,
2020).

Figure 2 (A) shows a high increase in
monocyte levels in the malnourished group. It
has been reported that protein malnutrition is one
of the major factors that weakens the immune
system, which impairs both natural and acquired
immunity (Schaible & Kaufmann, 2007).
Monocytes and macrophages, which are vital in
fighting infections, are significantly affected by
this condition., increasing levels are a sign that
malnutrition conditions allow inflammation or
infection to occur. Several studies have shown
that abnormalities in the immunoregulatory
system and their impact on susceptibility to
infection have been widely reported in
malnourished patients (Borelli et al., 2004; Nova
et al., 2002; Corware et al., 2014). The study
from Corware et al. (2014) showed an increase in
the number of monocyte cells in the bone marrow
of malnourished mice, indicating a disturbance in
the formation of blood cells (hematopoiesis).
Previous research by Borelli et al.(2004) also
supports these findings, by reporting an increase
in the number of monocytes in the blood of up to
2.5 times in mice with similar conditions."

Low mean values were also observed in
hemoglobin  and mean corpuscular volume
values. These findings were similar to previous
studies, erythropoiesis evaluation was carried out
on 50 malnourished and 50 healthy infants and
showed significant differences in several blood
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parameters. Malnourished infants  had
significantly lower red blood cell counts,
hemoglobin levels, and young red blood cells. (El
Nawawy et al., 2002). Another findings, Kalicki
et al. (2019) stated that short- and long-term
protein deficiency disrupts several blood
parameters (e.g. decreased hemoglobin levels,
MCV, MCH), impairs immune function and
increases sensitivity to infections. The main
factors causing the observed changes may be due
to adaptation to decreased basal metabolism and
lean body mass, as well as changes in body fluid
volume, especially plasma. Increased plasma
volume significantly contributes to changes in
hematological parameters such as hematocrit and
hemoglobin. (Fondu et al., 1978; Saka et al.,
2012)

Conclusion

Rats fed with 12% protein showed
significant differences in body weight and shows
similar effects to protein energy malnutrition
(PEM) parameter such as lower, lymphocytes,
hemoglobin and mean corpuscular volume
compared to normal.The monocytes lever are
higher which may indicate an infection occur.
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