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ABSTRACT

Macaca nemestrina, also known as the pigtail macaque, plays a crucial role in drug development and serves as a highly
valuable animal model for studying various human diseases due to its phenotypic similarities to humans, including those
related to the aging process. Hematology is a critical component of clinical assessments for this spesies, serving both as
a diagnostic tool to determine their health status and to characterize disease models, including degenerative and geriatric
diseases. As anemia is a common phenomenon in the elderly, it is also important to determine whether M. nemestrina
exhibit a similar condition with age. The aim of this study was to determine the hematological profiles of clinically healthy
female M. nemestrina across young, adult, and elderly age groups, particularly related to anemia parameters. This study
was conducted at the Primate Research Center, IPB University, Bogor, Indonesia. The animals were part of a breeding
colony and were divided into three groups based on age: young (5-7 years), adult (12-14 years), and elderly (18-21 years).
Following anesthesia with ketamine, a physical examination was performed to determine clinical status, and blood
samples were collected for a complete blood count (CBC) evaluation using an automated analyzer. The results showed
that total erythrocytes, hemoglobin concentration, hematocrit value, and mean corpuscular hemoglobin (MCH) were
significantly different (P<0.05) in the elderly group compared to the other groups. Additionally, the red cell distribution
width (RDW) percentage and leukocyte count differed significantly between the adult and elderly groups. The results
showed that the erythrogram differs with age in clinically healthy M. nemestrina, suggesting the importance of
determining appropriate baseline reference values in macaques of different ages.

Keywords: nonhuman primate, macaques, animal model, hemogram, anemia

ABSTRAK

Macaca nemestrina, yang juga dikenal sebagai monyet ekor babi, memiliki peran penting dalam pengembangan obat
dan menjadi hewan model hewan untuk mempelajari berbagai penyakit manusia karena kemiripan fenotipiknya dengan
manusia, termasuk proses penuaan. Hematologi merupakan komponen penting dalam penilaian klinis untuk spesies ini,
berfungsi sebagai alat diagnostik untuk menentukan status kesehatan mereka maupun sebagai sarana untuk
mengkarakterisasi model penyakit, termasuk penyakit degeneratif dan geriatri. Anemia sering terjadi pada orang lanjut
usia, sehingga penting juga untuk mengetahui apakah M. nemestrina mengalami kondisi serupa seiring bertambahnya
usia. Penelitian ini bertujuan untuk menentukan profil hematologi betina M. nemestrina yang sehat secara klinis pada
kelompok usia muda, dewasa, dan lanjut usia, khususnya terkait parameter anemia. Penelitian ini dilakukan di Pusat
Penelitian Primata, IPB University, Bogor, Indonesia. Hewan-hewan tersebut merupakan bagian dari koloni pembiakan
dan dibagi menjadi tiga kelompok berdasarkan usia: muda (5-7 tahun), dewasa (12-14 tahun), dan lanjut usia (18-21
tahun). Setelah anestesi dengan ketamin, dilakukan pemeriksaan fisik untuk menentukan status klinis, dan sampel darah
dikumpulkan untuk hitung darah lengkap (HDL dengan analis otomatis. Hasil menunjukkan bahwa jumlah sel darah merah
total, konsentrasi hemoglobin, nilai hematokrit, dan rata-rata hemoglobin sel darah merah (MCH) secara signifikan
berbeda (P<0.05) pada kelompok lanjut usia dibandingkan dengan kelompok lainnya. Selain itu, persentase lebar
distribusi sel darah merah (RDW) dan jumlah leukosit berbeda secara signifikan antara kelompok dewasa dan lanjut usia.
Hasil menunjukkan bahwa eritrogram berbeda berdasarkan usia pada M. nemestrina yang secara klinis sehat,
menyarankan pentingnya menentukan nilai acuan dasar yang sesuai pada monyet dengan usia yang berbeda.

Kata kunci: primata non-manusia, monyet, model hewan, hemogram, anemia
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INTRODUCTION

Nonhuman primates (NHPs), such as macaques,
have contributed significantly to biomedical re-
search (Dewi et al., 2024). The species of macaques
commonly used is Macaca nemestrina, which is used
in research such as AIDS (Frenkel et al., 2021), Den-
gue vaccine (Prabandari et al., 2017), and COVID-19
vaccine (Melton et al., 2021). Macaca nemestrina is
frequently used as a model for replicating human
diseases and plays a significant role in drug devel-
opment due to its phenotypic similarities to humans,
including anatomy, physiology, and immunology
(Mattison and Vaughan, 2017). Nonhuman primates
offer insights into various aspects of aging, including
neurodegenerative diseases (Alldritt et al., 2024),
metabolic disorders (Li et al., 2015), and hematologi-
cal disorders such as anemia (Nascimento et al,,
2015).

Anemia is highly prevalent among elderly pa-
tients, affecting approximately 10% of this popula-
tion. Its occurrence increases with advancing age
and is strongly associated with age-related factors.
Additionally, anemia serves as an independent pre-
dictor of mortality in elderly patients. It is crucial to
note that anemia is a symptom rather than a
standalone disease, necessitating investigation into
its underlying causes (Abinizha, 2024). Based on the
information regarding the increased risk of anemia
with advancing age in humans, we aim to investi-
gate whether a similar association exists in M. ne-
mestrina. Hematological studies on M. nemestrina
have been previously reported, but the data did not
include age categorization (Kim et al., 2024).

This study aims to identify the hematological pro-
files of clinically healthy M. nemestrina across young,
adult, and elderly age groups, particularly related to
anemia parameters. Age-based classification is es-
sential for assessing physiological changes over time
and ensuring a more accurate interpretation of
health status based on appropriate reference val-
ues.

MATERIALS AND METHODS

Tools and Materials

The tools and materials used included a scale,
stethoscope, thermometer, stopwatch, micropipette
(Fortuna), Class Il B2 Biological Safety Cabinet, centri-
fuge (Biobase), hematology analyzer MEK-6550°,
vacutainer tubes containing tripotassium ethylene
diamine tetraacetic acid (K3-EDTA), and disposable
syringes.

Animals and Housing

The study was performed at the Research Animal
Facility - Lodaya of the Primate Research Center at
IPB University, an AAALAC International-accredited
institution in Bogor, Indonesia (Gettayacamin et al.,
2018). We utilized clinically healthy M. nemestrina
females aged 5 to 21 years. The animals were housed
in a combination of semi-outdoor group corrals. Their
diet consisted of monkey biscuits (from Charoen
Pokphand Thailand and PT. Citra Ina Feedmill), sup-
plemented with natural foods such as cassava, bana-
nas, and guava. Feeding was conducted twice daily,
with drinking water provided either ad libitum
through water pipes in the enclosure. Structural envi-
ronmental enrichment was provided in group enclo-
sures to encourage natural behaviors. Routine health
monitoring, including general check-ups and tubercu-
lin skin tests, was performed every 3 to 6 months,
alongside deworming and supportive care, such as
vitamin supplementation and fluid rehydration.

Experimental Design

All procedures were approved by the IACUC of
the Primate Research Center at Bogor Agricultural
University (IPB University) with protocol approval
number IPB PRC-23-B002. The study involved 15 fe-
males Macaca nemestrina, housed in group cages
and divided into three age groups: young (5-7
years), adult (12-14 years), and elderly (18-21 years),
with each group consisting of five individuals. The
M. nemestrina were fasted for 12 hours before anes-
thesia. The animals were sedated using ketamine
hydrochloride (llium Ketamil®) at a dose of 10 mg/kg
of body weight, which was injected intramuscularly
into the thigh. After the animal is sedated, a physical
examination is peformed, paying attention to any
clinical symptoms that may be present, such as inju-
ries, hydration status, lung, and heart auscultation.
Blood samples were collected from the femoral vein
using a 3 mL syringe (Figure 1).

Figure 1. The process of blood collection from the
femoral vein
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All blood samples were stored in a cool box im-
mediately after collection and transported to the
laboratory under proper cold chain management. All
animal-related activities are conducted by trained
personnel who have received comprehensive train-
ing, including primates care and use, as well as bi-
osafety and biosecurity.

Hematological Analysis

Whole blood was collected from the animals into
K3-EDTA bottle and assayed for the erythrocyte
count, hemoglobin (Hgb) levels, hematocrit (Hct),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), red «cell distribution
width (RDW), total leukocyte count, platelet
count, mean platelet volume (MPV), and platelet
distribution width (PDW) using standard laboratory
techniques (the automated hematology analyzer).

Statistical analysis

Data were expressed as means * standard error
of the mean (SEM), and normality was tested with
the Shapiro-Wilk method. All variables showed P >
0.05, confirming a normal distribution and allowing
the application of one-way analysis of variance
(ANOVA) with Duncan's test. For variables that did
not meet normality assumptions, the Mann-Whitney
test was applied.
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RESULTS

Clinical examination

Table 1 shows clinical examination data for all age
groups of M. nemestrina. Although not statistically
significant (P>0.05), an increasing trend was ob-
served with age for body weight and respiratory
rate. In contrast, heart rate shows a decreasing
trend with age. Body temperature remains stable
across the three age groups. All animals showed
capillary refill time (CRT) of less than 2 seconds.
Their oral mucosa appeared pink and moist, confirm-
ing the clinically healthy status of all animals exam-
ined.

Erythrocyte

Table 2 shows the results of erythrogram param-
eters in M. nemestrina. The erythrocyte count, Hgb,
Hct, and MCH were significantly higher in the elderly
age group than the others (P<0.05). Meanwhile, the
RDW percentage differed significantly (P<0.05) only
between the adult and elderly groups, which was
higher in the elderly group.

Leukocyte

The level of leukocyte counts in the young, adult,
and elderly age groups showed statistical signifi-
cance (P<0.05). As shown in Table 3.

Table 1. Examination Results of M. nemestrina Across All Age Groups

No Variable Age Group

Young Adult Elderly
1. Weight (Kg) 8.40+1.44° 9.72%1.61° 9.764.30°
2.  Temperature (°C) 39.32+0.56° 38.94+0.48° 39+0.82°
3. Heart Rate (beats/minute) 181.60£29.75° 172.8+23.22° 172162
4. Respiration Rate (breaths/minute) 35.2+7.692 38.4%10.43° 44%10.20°

Note: Data are presented as mean with standard deviation (x + SD). Identical superscript letters (a) indicate no signifi-

cant differences (P>0.05) between groups.

Table 2. Mean Hematological Parameters (Erythrogram) in M. nemestrina Across All Age Groups

Age Group
No Parameters
Young Adult Eldelry

1. Erythrocyte (108/ul) 4.414%0.19° 4.416%0.32° 5.194+0.21
2. Hb (g/dI) 10.4%0.41° 10.34%0.50° 12.9%0.07°

3. Hct (%) 30.04%1.30° 30.12+2.41° 35.86%1.54°
4. MCV (fl) 68.04+0.552 68.36+1.332 69.02+1.062
5. MCH (pg) 23.54+0.18° 23.46+0.96° 24.9+1.09°

6. MCHC (g/dI) 34.64 +0.372 34.32 +1.562 36.04 +1.682
7. RDW (%) 12.62 + 0.182P 12.36 £ 0.57° 13.18 £ 0.542

Note: Data are presented as mean with standard deviation (X + SD). Identical superscript letters (a or b) indicate no

significant differences (P > 0.05) between groups.
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Platelet

Table 4 shows the examination of platelet pa-
rameters. An increasing trend is observed with age
in platelet count; in contrast, MPV values show a

reported that M. nemestrina had weights ranging
from 5.65 to 12.05 kg. The respiratory rate ranged
from an average of 27 to 54 breaths per minute, con-
sistent with the the findings of Fortman et al., (2018)

Table 3. Mean Leukocyte Counts in M. nemestrina Across All Age Groups

Parameter Age Group
S
Young Adult Eldelry
, 7.82+2.56 ab 13.5%+7.93? 4.56+1.01°
Leukocytes (10°/ul) (5.26-10.38) (5.57-21.43) (3.55-5.57)

Note: Data are presented as mean with standard deviation (x + SD). Identical superscript letters (a or b) indicate no

significant differences (P > 0.05) between groups.

Table 4. Mean platelet count, MPV values, and PDW percentages in M. nemestrina across all age groups

Age Group
No Parameters
Young Adult Eldelry
1. Platelet (103/ul) 225 + 61.552 252 +34.792 273 +26.812
(163.45 - 286.55) (217.21-286.79) (246.19 -299.81)

2. MPV (fl) 9.18 £ 0.39° 9.12 + 0.56° 8.84 +0.79°

(8.79-9.57) (8.56-9.68) (8.05-9.63)
3. PDW (%) 13.38 +0.442 13.42 £ 0.772 13.5 + 0.542

(12.94 - 13.82)

(12.65 - 14.19) (12.96 - 14.04)

Note: Data are presented as mean with standard deviation (X + SD). Identical superscript letters (a or b) indicate no

significant differences (P > 0.05) between groups.

decreasing trend with age, and platelet distribution
remains stable across the three age groups, although
not statistically significant (P>0.05).

DISCUSSION

Clinical examination

The present study showed that the female pigtail
macaques examined were clinically healthy, with
variables such as body weight, temperature, respira-
tion, and heart rate that fell within the normal range
(Fortman et al., 2018) and did not differ with age.
There was a trend of body weight increase with age
in female pigtail macaques. These changes may re-
sult in metabolic disturbances, which may occur due
to increasing adiposity, insulin resistance, and
dyslipidemia. These conditions contribute to weight
gain and are common in primates, such as rhesus
macaques (Vaughan and Mattison, 2016). Environ-
mental factors, including diet and physical activity,
are crucial in weight gain. Macaques experience
changes in energy expenditure and activity levels
with age, leading to increased body fat and reduced
lean mass (Ramsey, 2000). The resulting body
weight ranged from an average of 5 to 14 kg, con-
sistent with the findings of Kim et al., (2024), who

on Macaca fascicularis, which reported respiratory
rates ranging from 30 to 54 breaths per minute in
healthy animals. A slight increase in respiratory rate
with age may be linked to age-related physiological
changes in the respiratory system, including altera-
tions in the chest wall, diaphragm shape, and lung
parenchyma. These changes may reduce the efficien-
cy of lung ventilation, requiring an increased respira-
tory rate to meet oxygen demands.

This study found that the heart rate of female pig-
tail macaques ranged from an average of 149 to 196
beats per minute, consistent with the findings of
Fortman et al., (2018) in M. fascicularis, which report-
ed the rate ranging from 115 to 243 breaths per mi-
nute. As age increases, a decline in heart rate may be
found, reflecting significant changes in cardiac func-
tion and the cardiovascular system’s ability to adapt
to various conditions (Chester and Rudolph, 2011). In
this study, there was a trend of a mild decrease in
heart rate with age, although it was not statistically
significant. Elderly primates, there tend to be a de-
creased in physical activity and changes in social be-
havior, such as reduced social interactions, which can
contribute to lower heart rates. This decline has also
been observed in several primate species, including
Macaca tibetana, where cardiovascular activity and
social behavior decrease with age (Cysne et al., 2015).
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Erythrocytes

The hematological parameters obtained in this
study were compared with previous reference val-
ues for M. nemestrina reported by Kim et al., (2024).
Both studies were conducted in AAALAC Interna-
tional-accredited facilities, ensuring standardized
housing and welfare conditions. However, specific
details on climate and geographical location were
not provided in the study by Kim et al. (2024). Nev-
ertheless, environmental factors undoubtedly play a
significant role in hematological outcomes, as varia-
tions in temperature, humidity, and geographical
conditions can influence physiological responses.
Despite these potential influences, our study found
trends in erythrocyte parameters that were general-
ly consistent with previous findings, with some vari-
ations observed across age groups.

Hematology examinations revealed that several
erythrogram variables, including erythrocyte count,
Hgb concentration, Hct, and MCH, increased with
age, with a significant difference observed in the
elderly age group (P<0.05). This phenomenon may
be associated with the reproductive status of the
animals, as the menstrual cycle like that in women
occurs in young and adult female macaques (Hadzic
et al., 2014). Menstruation leads to blood loss, di-
rectly decreasing erythrocyte count, Hgb concen-
tration, Hct, and MCH. Additionally, estrogen pro-
duced during the ovarian cycle plays a role in hema-
topoiesis (Perigard et al., 2016). Prolonged men-
strual phases can potentially induce iron deficiency
anemia due to chronic blood loss (Turk et al., 2012).
The elderly group in this study, aged 18-21 years,
represents the reproductive senescence period in
M. nemestrina (Caro et al., 1995). A limitation in our
study, however, was the lack of data regarding the
menstrual status of each animal, which warrants
further study, such as those involving hormonal
measurement. Another contributing factor to in-
creased erythrocyte parameters could be stress,
potentially related to the hierarchy of the animal
colony. Macaques are animals that live in social
groups with a hierarchy. Animal hierarchical status
in the colony may affect the stress level (Toufexis et
al., 2017). In female rhesus monkeys, a study has
shown that stress elevates cortisol levels (Lee et al.,
2018). Cortisol interacts with specific receptors on
erythroid progenitor cells, facilitating their prolifer-
ation and differentiation into mature erythrocytes.
This process involves upregulating erythroid tran-
scription factors, such as Kruppel-like factor 1
(KLF1), which plays a key role in erythroid matura-
tion (Voorhees et al., 2013). These parameters fall
within the normal range reported by Kim et al.,
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(2024), with erythrocyte count of 4.49-5.95 x 108/uL,
Hgb 9.80-12.60 g/dL, Hct 32-44%, and MCH 19.40-
23.60 pg. RBC counts are relatively stable in adult
M. fascicularis, aged 4 to above 15 years (Ling et al.,
2022).

Significant differences in RDW between the adult
and elderly groups may result from disruptions in
erythrocyte production and turnover (Dugdale and
Badrick, 2018). In the elderly, increased apoptosis,
particularly eryptosis, has been observed (Foller et
al., 2008). One cause of eryptosis is oxidative stress,
which activates Ca2+-permeable cation channels,
leading to elevated intracellular calcium levels and
subsequent cell death (Bissinger et al., 2019). The
RDW values in the elderly age group in this study
align with a previous report (Kim et al., 2024) where-
in RDW percentages range from 13.50 to 17.80%. A
decrease in RDW indicates a more uniform red
blood cell size, potentially reflecting less variability
in erythrocyte production (Karal et al., 2023). In M.
fascicularis, RDW values were reported to show no
significant differences across all age groups (Ling et
al., 2022).

Leukocyte

The higher leukocyte counts in adults may reflect
the immune system’s peak performance, marked by
high leukocyte production to support immune re-
sponses and active leukocyte turnover to maintain
balance and efficiency (He et al. 2018). In a previous
report on M. nemestrina, leukocyte counts ranged
between 0.60 and 4.90 x 10*/ul (Kim et al., 2024).
Based on this reference, the results of this study
show higher leukocyte counts. Leukocyte counts in
circulation are influenced by various intrinsic and
extrinsic factors, including physiological effects,
environmental conditions, and health status, such as
infections, inflammation, stress, and chronic diseas-
es (Chmielewski and Strzelec, 2018).

Platelet

The age-related increase in platelet counts is in-
fluenced by changes in hematopoietic stem cells
(HSCs) (Aksoz et al., 2024). Aksoz et al. (2024) re-
ported that the frequency of HSCs biased towards
platelet production, known as platelet-biased HSCs
(P-HSCs), increases with age, while HSCs with the
potential to produce multiple blood cell types (mul-
ti-lineage HSCs) decrease. This finding contributes to
the increased production of megakaryocytes and
platelets in the bone marrow. Platelet counts align
with the study on M. nemestrina, which reported
counts ranging from 261 to 593 x 10%/ul (Kim et al,,
2024). In M. fascicularis, no significant differences
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were observed among age groups, with platelet
counts remaining relatively stable across all groups
(Ling et al., 2022).

This study found that the mean platelet volume
(MPV) aligns with the study on M. nemestrina by Kim
et al. (2024) which reported values ranging from
7.40 to 10.60 fL. Similarly, in M. fascicularis, MPV val-
ues were reported to be relatively stable without
significant differences among age groups (Ling et al.
2022). This study did not find a statistical difference
with age, although there may be an indication of a
mild decline with increasing age. A reduction in
MPV in nonhuman primates as they age is attributed
to various physiological and hematological changes
associated with aging. Firstly, hematopoietic activity
decreases, including a reduction in the frequency
and activity of hematopoietic progenitor cells such
as CD34+, leading to diminished platelet production
and size (Lee et al., 2005).

The hematological profile of female Macaca ne-
mestrina, based on the age groups of young, adult,
and elderly, showed differences in several variables.
In clinically healthy animals, erythrocyte counts,
hemoglobin levels, hematocrit values, and MCH
were higher in the elderly than in the young and
adult groups. The RDW percentage was higher in
the elderly group than in the adult group, whereas
the total leukocyte count showed the opposite
trend.
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