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Abstract

Humans require macronutrients and micronutrients to fulfill daily energy requirements, and triglyceride is
a notable example, belonging to the fat family. This is particularly consumed frequently, and is composed
of glycerol, and the fatty acid, specifically differentiated into unsaturated, saturated, trans, and cis forms.
Furthermore, these constituents are known to play many roles in the body, including in the hematopoietic
process. This involves oxidation and consequently stem cell differentiation into many blood cells in long-
term, although the effect short-term is currently unknown. The study aimed, therefore, to investigate the effect
of short-term intake of different fatty acid types on hematological profile in an animal model, conducted at
the Animal Laboratory, Universitas Padjadjaran in October 2018. In addition, each group comprised 6 mice,
orally administered distilled water as control (Group A), fish oil (Group B), virgin coconut oil (Group C),
and used-cooking oil (Group D), at a dose of 5 pl/g body weight/day for 2 weeks. Subsequently, analysis
was performed using blood measurement with hematology analyzer. The results showed lower white blood
cell (WBC) count in Group B compared to D (p<0.05), alongside lymphocyte count (p<0.01). Moreover, the
WBC in Group C was lower than D (p<0.01), also observed in lymphocyte count (p<0.001), % lymphocyte
(p<0.01), while the % granulocyte count was higher than group D (p<0.01). Therefore, the highest total
leukocyte and lymphocyte number among the other groups, as well as higher percentage of differential
lymphocyte count was observed with mice provided with used-cooking oil compared to coconut oil, alongside
a lower percentage of differential granulocyte count (p<0.05). However, fatty acid intake in group A, B, C,
and D had no significant impact on RBC and platelet parameters. In conclusion, used-cooking oil induces
a change in hematological profiles compared to fish oil and virgin coconut oil, featuring the increased total
white blood cells and lymphocyte, as well as reduced % granulocyte.
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Efek Pemberian Minyak Ikan, Minyak Kelapa Murni,
dan Minyak Jelantah Terhadap Profil Hematologi Mencit

Abstrak

Manusia membutuhkan makronutrien dan mikronutrien untuk memenuhi kebutuhan energi harian. Salah
satu sumber makronutrien adalah trigliserida yang merupakan salah satu jenis lemak yang paling sering
dikonsumsi. Senyawa ini tersusun atas asam lemak dan gliserol. Terdapat banyak jenis asam lemak seperti
asam lemak jenuh, asam lemak tidak jenuh, asam lemak trans, dan asam lemak cis. Rantai asam lemak
memiliki banyak peran dalam tubuh, salah satunya adalah hematopoiesis sel stem. Pada konsumsi lemak
jangka panjang, hematopoiesis ini terjadi melalui oksidasi asam lemak yang selanjutnya akan menstimulasi
diferensiasi sel stem menjadi sel-sel darah di perifer, tetapi efeknya dalam jangka pendek belum diketahui.
Oleh karena itu, penelitian ini bertujuan untuk menginvestigasi efek jangka pendek dari konsumsi berbagai
jenis asam lemak terhadap profil hematologi mencit yang dilakukan di Laboratorium Hewan, Universitas
Padjadjaran pada Oktober 2018. Mencit diberikan air suling sebagai kontrol (Grup A), minyak ikan (Grup B),
minyak kelapa murni (Grup C), dan minyak jelantah (Grup D) dengan dosis Spl/g berat badan/hari secara oral
selama dua minggu. Profil hematologi diukur menggunakan hematology analyzer. Hasilnya, grup B memiliki
jumlah leukosit Iebih rendah dibandingkan grup D (p<0,05) dan limfosit yang lebih rendah dibandingkan grup
D (p<0,01). Grup C memiliki jumlah leukosit lebih rendah dibandingkan grup D (p<0,01), jumlah limfosit
yang lebih rendah dibandingkan grup D (p<0,001), % limfosit lebih rendah dibanding grup D (p<0,01), dan
% granulosit lebih tinggi dibanding grup D (p<0,01). Selain itu, konsumsi asam lemak pada grup A, B, C,
dan D tidak memengaruhi indeks RBC dan platelet secara signifikan. Sebagai simpulan, minyak jelantah
memberikan efek terhadap perubahan profil hematologi mencit dibandingkan minyak ikan dan minyak
kelapa murni, yaitu meningkatkan leukosit dan limfosit dan menurunkan % granulosit.
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Introduction

Humans need  macronutrients and
micronutrients in order to fulfill their energy
requirements. The macronutrient consisted
of carbohydrates, protein, and fat. Fat is
divided based on different chemical structures
into triglyceride, phospholipid, and sterol.
Triglyceride 1s fat that consumed daily by
a human. Fat is arranged of three fatty acid
chains bind with a glycerol chain. Based on the
number of double bond, fatty acids are divided
into unsaturated fatty acids and saturated
fatty acids (SFAs). Unsaturated fatty acids are
classified into monounsaturated fatty acids
(MUFAs) and polyunsaturated fatty acids
(PUFASs). Fatty acids are also distinguished
by hydrogen configuration in the double bond
as cis- and trans- configuration. Fatty acids
have many roles such as health improvement,
involved in the pathophysiology of several
chronic illnesses, and hematopoietic stem
cells (HSCs) maintenance.'

Fatty acids involvement in diseases can
be identified in several rich-fat diet studies.
Obesity is the most well-known impact of
long-term consumption of the western diet
which high in fat foods.** Moreover, the
development of long-term metabolic disorder
such as type 2 diabetes is linked with the
high-fat diet.® Furthermore, the type of diet
can induce gut microbial imbalance which
leads to several diseases such as ulcerative
colitis and atherosclerosis.”® It is believed
that the imbalance of gut microbiome takes
place in the development of the diseases.”®
However, the risk of ulcerative colitis is
reduced in long-term high intake of n-3
PUFAs.” Another recent interesting study
is about the risk of cardiovascular disease
which is more influenced by the type of fat
rather than the amount of fat.” The risk of
cardiovascular disease (CVD) is significantly
reduced if SFA is replaced by MUFA and/or
PUFA rather than carbohydrate.” Therefore,
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many recent studies establish that type of
fatty acid affects health by contributing to the
development of several chronic inflammatory
diseases. However, the acute effect of fat diet
is rarely discussed and needs further study.
Fatty acids have a function to maintain
HSC by supplying substrate in Fatty Acid
Oxidation (FAO). The oxidation contributes
to HSC maintenance through the PML-
PPARGS-FAO pathway by increasing stem
cell asymmetric division. The asymmetric
division results in one copy of the stem cell
and one differentiated cell. The differentiated
cell will transform into all mature blood
lineage. This stem cell division is influenced
by many factors, including exogenous nutrient
availability.'” Therefore, high consumption of
fat can increase fatty acid availability in cells,
and then influence stem cell differentiation.
Peroxisome Proliferator-Activated Receptor-6
(PPAR-3), encoded by the PPAR-D gene, is
the main PPAR expressed on HSC. As the
nuclear receptor important in fatty acid sensing
and metabolic pathway regulation, PPAR-
has a profound role in the activation and
regulation of fatty acid oxidation, however,
the mechanism is still not well understood.'’
Besides its role in HSC maintenance,
PPARs affect the anti-inflammatory and pro-
inflammatory process.>!! For example, many
studies on n-3 PUFAs such as EPA, DHA,
and DPA in fish oil resulted in preventive and
curative effect of PUFAs on CHD, diabetes,
hypertension, hyperlipidemia, arthritis,
asthma, and COPD.">'® It is believed that
EPA and DHA n-3 PUFAs have an anti-
inflammatory effect through the production of
protectin, resolvin, activation of PPAR-a, and
inhibition of arachidonic acid metabolism.'*"
Another study of marine n-3 PUFA
supplementation in humans showed a negative
effect on platelet activation. It inhibits platelet
aggregation in females, whereas only EPA
consumption can reduce platelet activation
in males.?*?! This phenomenon explained by
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the reduced concentration of phospholipid
arachidonic acid (omega-6 fatty acid) and
physicochemical changes of the platelet
membrane.?® This structure changes can
influence mean platelet volume (MPV) that
acts as an indicator of coronary artery disease
(CAD), since larger MPV associated with risk
of CAD.? Therefore, n-3 PUFA consumption
can reduce the risk of CAD. Although the
study of this fatty acid on platelet already
exist, assessment of n-3 PUFA’s impact on
other hematological profile is still limited so
further examination is needed.

The pro-inflammatory effect of PPARs
is demonstrated in the SFA study,'" which
shows that SFA is pro-inflammatory and
amplify the monocyte or macrophage that can
contribute to the pathophysiology of several
inflammatory diseases like atherosclerosis and
diabetes.!'**2* SFAs, including virgin coconut
oil, are usually consumed by Indonesian as
cooking oil. It is usually used repeatedly in
the deep frying method. This used-cooking oil
is high in trans fatty acids and predisposes to
thermal oxidation.?*2 It produces reactive free
radicals, e.g. ROS, that cause oxidative stress
and tissue injury which stimulate cytokine pro-
inflammatory release.”*’ This pro-inflammatory
effect highly probable mediated by PPARs."
Therefore, the consumption of virgin coconut
oil rich in SFA and used-cooking-oil can
affect the hematological profile, especially
inflammatory cells.

Based on the background, we hypothesized
that the administration of virgin coconut oil
rich in SFAs, fish-oil rich in n-3 PUFAs,
and used-cooking oil rich in trans fatty acid
can activate HSC maintenance and affect
the hematological profile in animal model,
especially inflammatory cells. Thus, the
purpose of this study was to investigate the
acute effect of virgin coconut oil rich in SFAs,
fish-oil rich in n-3 PUFAs, and used-cooking
oil rich in trans fatty acid by comparing each
hematological profile in mice.
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Methods

This study was permitted by the Health
Research Ethics Committee of Universitas
Padjadjaran, Bandung, Indonesia no. 840/
UNG6.KEP/EC/2019. All experiments were
conducted based on Reduce, Refine, Replace
(3R) and 5 Freedom (5F) principles.

Animals

Twenty four male white mice (Mus musculus)
with bodyweight ranged between 30 gto 44 g
(bodyweight average 38,8+2,71 g) and aged
8 to 10 weeks old were obtained from Bio
Farma Company, Bandung, Indonesia. The
number of samples was determined by Mead’s
Equation method. Mice were maintained in
cages at the controlled-temperature room,
12/12 light/dark cycle, and ad-libitum
accessed for water and food before and during
treatment. Mice were adapted for one week
before the experiment. Mice were divided
into four groups; group A as control (distilled
water 5 pL/gBW/day), group B (fish oil 5 pL/
gBW/day), group C (virgin coconut oil 5 pL/
gBW/day), and group D (used-cooking oil 5
uL/gBW/day). Fish oil was cod liver oil. Used
cooking oil was virgin coconut oil that has
cooked 6 times repeatedly. The rationality of
dose was to prevent the stomach to become full
that might reduce mouse appetite and further
made the resulting bias. The distilled water
and oil were given by intragastric tube after
6 hours fast (at 03.00 pm). The treatment was
conducted for 14 days.

Hematology assessment

After 14 days of treatment, mice were
euthanized by intraperitoneal injection of
200 pl ketamine:xylazine:saline (1:1:8). Mice
were fasted overnight prior euthanized. Blood
was drawn from the heart approximately 100
ul into a vacutainer tube containing potassium
EDTA. Blood was further analyzed with an
automatic hematology analyzer to measure 18
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whole blood parameters at the Biochemistry
Laboratory Faculty of Pharmacy Universitas
Padjadjaran.

Statistical analysis

Multiple group comparisons performed with
the GraphPad Prism program. Non-normally
distributed data was examined by Kruskal
Wallis and followed with Dunn’s multiple
comparison test. Meanwhile, normally
distributed data were analyzed by one-way
ANOVA and followed with Tukey’s multiple
comparison test. A p-value of <0.05 was
considered as statistically significant.
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Results

To determine whether oils affect the
hematology profile, the 18 parameters value
resulted from the hematology analyzer was
evaluated. Numerous results of leucocyte
absolute cell number and differential cell count
of each group of oil shown in Figure 1. Using
ANOVA, a significant effect of oil consumption
shown in the total WBC number. Post hoc
comparisons using Tukey’s test pointed out
that the total WBC number of used-cooking
oil consumption was significantly higher than
the control (p=0.0058), fish oil (p=0.0147),
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Figure 1 The Effect of Fish Qil, Coconut Oil, and Used-Cooking Oil after 14 Days of Treatment

on White Blood Cell Parameters
WBC=White Blood Cell
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and coconut oil (p=0.0045) groups (7.66+2.69
vs 4.40+1.13 vs 4.86+0.99 vs 4.43+0.49 10°
cells/ul respectively). By contrast, the total
WBC number of the control group did not
significantly differ from the fish oil and virgin
coconut oil groups.

The corresponding result can be found
on a total lymphocyte number (Figure 1d).
The mean value of WBC count of each
group was as follows: group A=4.40+1.13 10°
cells/ul, group B=4.86+0.99 10° cells/ul,
group C=4.43+0.498 10° cells/ul, and group
D=7.6642.69 10° cells/ul. Using ANOVA, a
significant effect of oil consumption shown
in the total lymphocyte numbers (p=0.0004).
Post hoc comparisons using Tukey’s test
pointed out that the total lymphocyte number of
used-cooking oil consumption was significantly
higher than the control (p=0.0028), fish oil
(p=0.0045), and coconut oil (p=0.0004) groups.
However, the total lymphocyte number of the
control group did not significantly differ from
the fish oil and virgin coconut oil groups.

Another significant effects are found in
some differential cell counts. Using ANOVA,
a significant effect of oil consumption showed
in differential granulocyte count (p=0.0093)
and differential lymphocyte count (p=0.0062)
(Figure le and f). Post hoc comparisons using
Tukey’s test pointed out that differential
granulocyte count of the used-cooking
oil group was significantly lower than the
coconut oil group (9.13+3.74 vs 28.83+£14.62
% respectively, p=0.0065). Meanwhile, the
differential lymphocyte count of the used-
cooking oil group was significantly higher
than the coconut oil group (p=0.0031). By
contrast, the differential granulocyte count
and differential lymphocyte count of other
comparisons did not significantly differ from
each other.

There was no statistically significant effect
discovered on granulocyte, monocyte, and
differential monocyte count. However, some
differences found in the groups. Figure 1b
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shows that coconut oil has the highest mean
number of granulocyte among the other
groups (1.25 £0.58 10° cells/ul), whilst the
other has pretty much the same amount of
it. Figure 1c points out similar amount of
monocyte in the groups, even though the fish
oil group has the highest number (0.97+0.46
10° cells/ul) and control group has the lowest
number (0.76+0.35 10° cells/ul). Mice that
were given coconut oil has the highest
granulocyte percentage (28.83+£14.62 %) and
used-cooking oil has the lowest granulocyte
percentage (9.13+3.74 %) (Figure 1f).

Figure 2 shows the effect of oils on platelet
parameters (platelet count, mean platelet
volume, platelet crit, and platelet distribution
width). It showed the nearly same amount
of platelet parameter values resulted from
control, fish oil, coconut oil, and used-cooking
oil group, even though no significant effect.
A similar result can be found in Figure 3
which shows the effect of oils on red blood
cell parameters (total red blood cell count,
hemoglobin, hematocrit, mean corpuscular
volume, mean corpuscular hemoglobin, and
mean corpuscular hemoglobin concentration).
Our study showed that there was no difference
in all red blood cells parameters values among
the group.

Discussion

NF-kB is a primary regulator of acute and
chronic inflammation through increased
expression of IL-1, IL-6, and TNF-a
in mesenchymal stem cell (MSC). The
regulator then inhibits the expression of
PPAR-y associated with MSC adipogenesis
reduction. The increase of inflammatory
process and low adipogenesis in MSC
induce the development of HSC in the bone
marrow which can affect peripheral blood
parameters. This hematopoiesis takes place
particularly in chronic consumption of high
fatty acid diet.”® Short-term consumption of
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Figure 2 The Effect of Fish Oil, Coconut Qil, and Used-Cooking Oil after 14 Days of Treatment on

Platelet Parameters

Pct=Plateletcrit; MPV=Mean Platelet Volume; PDWc=Platelet Distribution Width

fatty acid has a different result. In a study
conducted by Keisuke Ito, et al. (2012), mice
were administered GW (PPAR-$ activator)
daily for 28 days. There was no alteration
in the proliferation and differentiation of
HSC in bone marrow.? As in our study, it
might be suggested that short term of fatty
acid consumption did not activate HSC
proliferation and differentiation, resulted
in no difference in red blood cell and
platelet parameters. Therefore, no significant
alteration and effect observed on peripheral
blood parameters, except for some leucocyte
parameters.

Significant results in some leucocyte
parameters in our study are probably influenced
by the regulatory mechanism of lipid in the
inflammatory reaction. Some lipids such as
SFA and different classes of PUFA can induce
inflammation that is predominantly signaling
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by PPARs. It is stimulated by eicosanoid, the
product of essential fatty acid metabolism, that
has pro-inflammatory effect.

The highest total number of WBC and
lymphocyte on the used-cooking oil group
among the other groups indicates that the
immune system is more active in used-cooking
oil consumption. This result corresponds with
the previous study, the intake of virgin coconut
oil heated 10 times significantly increased the
inflammatory biomarkers.?”® The inflammation
probably due to the biomarkers and cell &
tissue injury caused by reactive oxygen species
(ROS) production and antioxidant enzymes
deletion in the intake of used-cooking oil
contained trans fatty acids (TFA).?**

In this experiment, used-cooking oil was
defined as repeatedly heated oil by more than
6 times. The oil underwent a high-temperature
deep-frying process. This process makes the
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fatty acid susceptible to various chemical
reactions such as isomerization and thermal
oxidation which produce reactive free
radicals.?®?® Unsaturated fatty acid and cis
fatty acid are unstable, thus isomerization can
occur easier on them resulting in SFA and TFA,
respectively.*?® This is corroborated by the
enhancement of TFA and SFA on subsequent
heating or frying oil.? On the other study, the
establishment of TFA starts at the second use
of cooking oil and it enhances concomitantly
with the continous use of 0il.*° In our study,

peripheral WBC and lymphocyte number in
used-cooking oil consumption had the highest
concentration among the other groups.?® Our
results emphasized that direct consumption
of' used-cooking oil has a maleficent effect on
health.

The previous study showed that trans fatty
acid play role in cardiovascular and metabolic
disease.'*** One of the reasons is the high
reactivity of the fatty acid that further triggered
inflammation process that can contribute
to diseases event such as atherosclerosis.?!
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However, previous studies were mostly
conducted in the community or clinical
setting.'** The activation of the inflammation
process, showed by high white blood cells, is
already triggered in short-term consumption.
It is suggested that the process of metabolic
and cardiovascular disease already started
from the beginning of the high consumption
of trans fatty acids. However, this study did
not check the direct impact of used-cooking
oil in metabolic or cardiovascular diseases.
Further investigation using the animal model
in metabolic diseases such as LDLR—/— mice
(low-density lipoprotein, LDL, receptor) is
suggested to find the correlation between used-
cooking oil and metabolic and cardiovascular
disease event.

Conclusions

In summary, this study verified that short-term
oil consumption affects peripheral leucocyte
parameters. Used-cooking oil induces change
in hematological profiles compared to fish
oil and virgin coconut oil, i.e., increases total
white blood cells and lymphocyte and reduces
% granulocyte.
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