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Abstract. Induction by high-fat diet (HFD) is frequently performed for research
on hypercholesterolemia in experimental animals. In general, HFD is obtained by
combining various components, but only few studies have investigated the poten-
tial of each component to induce hypercholesterolemia in experimental animals.
This study aimed to identify the potential of a number of HFD components found
on a day-to-day basis in society for induction of hypercholesterolemia in animal
models. The research involved a posttest only group design conducted on 30 Rat-
tus norvegicus rats for 28 days. In addition to receiving standard ad-libitum feed,
the rats were given appropriate treatment according to the group, each at a dose
of 1ml/100gBW for P1 = distilled water, P2 = chicken egg yolk, P3 = quail egg
yolk, P4= duck egg yolk, P5= liquid butter, and P6= liquid margarine. The lipid
profile (total cholesterol, LDL, HDL, triglycerides) was examined at the end of the
study. The obtained blood serumwas examined using a spectrophotometry to yield
the lipid profile data. The atherogenic index (AI) was measured by dividing LDL
by HDL. The data were analyzed using a one-way ANOVA. This study showed
that induction by duck egg yolk for 28 days resulted in the highest levels of total
cholesterol, LDL, HDL, and AI (P4; total cholesterol = 85.00 ± 22.86, LDL =
23.20± 9.05, HDL= 37.16± 12.21, AI= 0.63± 0.12). The induction by liquid
margarine was able to result in the highest increase in the triglyceride level com-
pared to the healthy group and other induction of hypercholesterolemia, but there
was no difference in the levels of total cholesterol (p = 0.362), LDL (p = 0.112),
HDL (p= 0.631), triglycerides (p= 0.427), and AI (0.094). This study shows that
duck egg yolk has the potential to be used in induction of hypercholesterolemia
in experimental animals..
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1 Introduction

Hypercholesterolemia is a condition that can lead to various diseases, including car-
diovascular disease which is closely related to hypercholesterolemia. High cholesterol
levels can also lead to the formation of plaque in blood vessels. Such plaque can progress
to a process of atherosclerosis or induce thromboembolism [1, 1]. Both of these con-
ditions can interfere with organ perfusion (resulting in decreased function), and can
even result in death [[3]. A further study should be conducted to prevent or to treat
hypercholesterolemic condition.

Animal models are often used to study pathophysiology, including hypercholes-
terolemia treatment. Variousmethods have been used to achieve hypercholesterolemia in
experimental animals. One of these methods is the administration of a long-term/chronic
high-fat diet (HFD) [4, 5]. HFD administration is easy to do, making it popular to use for
studies of hypercholesterolemic conditions in experimental animals in Indonesia. Some
of the HFD frequently used to induce hypercholesterolemia come from a combination
of diets with various components [6]. Such diet combination is also capable of inducing
various organ abnormalities [7, 8]. The components of the diet combination that are often
used in Indonesia include oils (pork oil, vegetable oil, coconut oil), various egg yolks
(chicken, duck, quail), pure cholesterol, cholic acid, lamb fat, and beef brain [9–12].

Although effective, the HFD combination is relatively more expensive than a single
diet. Few studies have used a single diet to achieve hypercholesterolemia in experi-
mental animals. This study aims to examine the potential of various diets/ingredients
with high fat content commonly used in society (egg yolks, butter, and margarine) as
hypercholesterol-inducing agents in experimental animals.Using the samedose of a vari-
ety of modalities to induce hypercholesterolemic conditions (1ml/100gBW), the poten-
tial of each agent can be identified. Induction of hypercholesterolemia in this study was
performed chronically by observing changes in the lipid profile, such as total cholesterol,
LDL, HDL and triglycerides (triacylglycerol). In addition, the researchers measured the
atherogenic index (AI) of each type of induction given.

2 Method

2.1 Experimental Animal Handling

This study has obtained approval from the Ethics Committee of the Faculty of Medicine
of Universitas Gadjah Mada with the ethics approval number KE/FK/1164/EC/2020.
This was an experimental study with a posttest only with control group design. The
research was conducted at the Laboratory of the Faculty of Medicine of Universitas
Islam Indonesia Yogyakarta. A total of 30 male Rattus norvegicus aged 2–4 months and
weighing 200–400 g were used in this study. Induction of hypercholesterolemia was
done by administering an ad-libitum AD-2 Comfeed diet and a high-fat diet (based on
the treatment group) for 28 days. There were 6 treatments (each consisting of 5 rats)
in this study, including P1 = distilled water (normal group), P2 = chicken egg yolk,
P3 = quail egg yolk, P4 = duck egg yolk, P5 = liquid butter, P6 = liquid margarine.
A high-fat diet (butter, margarine, egg yolk) or distilled water was given at a dose of
1ml/100gBB, and all of the rats received ad libitum drink.
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2.2 Induction of Hypercholesterolemia

All of the induction modalities used in this study were obtained from Pakem Traditional
Market. All types of egg yolk (quail, chicken and duck) used in this study were care-
fully separated from the white and placed in different containers. Butter and margarine
were put in a beaker glass and then heated on a Bunsen burner until they melted. The
melted butter and margarine were then cooled at a room temperature. After cooling,
the butter and margarine were administered to the experimental animals. Induction of
hypercholesterolemia was done using NGT once a day at the same hour for 28 days.

2.3 Examination of Lipid Profile

Examination of the total cholesterols was done using the rat blood serum. Blood was
collected through retro-orbital sampling at the end of the study (day 28). Prior to such
a procedure, the rats were anesthetized using intraperitoneal injection of Zoletil (a dose
of 0.01 ml/100grBW). The blood was then made into serum through centrifugation at
3000 rpm for 10 min. The lipid profile of the rat blood serum was determined using the
Microlab 300 spectrophotometry. The lipid profile data consisted of total cholesterol,
LDL, HDL, and triglycerides presented in mg/dL unit. The lipid profile examination
was performed at LPPT UGM Yogyakarta.

2.4 Statistical Analysis

The atherogenic index data were obtained from LDL data divided by HDL (LDL/HDL).
All of the research data were tested in the one-way ANOVA test. The data were declared
significant if p < 0.005, with 95% CI.

3 Result and Discussion

This study shows that the variety of modalities to induce hypercholesterolemia produces
different lipid profiles. Induction by duck egg yolk for 28 days resulted in the highest
levels of total cholesterol, LDL HDL, and atherogenic index (AI). Conversely, induction
using quail egg yolk yielded the lowest total cholesterol, LDL, and HDL levels. In
contrast to the three lipid profile parameters, induction by liquid margarine was able to
produce the highest increase in triglyceride levels compared to those in the healthy group
and other hypercholesterolemia induction. However, there was no significant difference
in the total cholesterol, LDL, HDL, TG, and AI among the treatment groups (Table 1.).

The high levels of total cholesterol, LDL, and AI in induction by duck egg yolk
indicate that this modality has the potential use as single induction to establish hyperc-
holesterolemia in experimental animals. Research on cholesterol induction using duck
egg yolk can be found in a study by Bogoriani et al. [13]. Using induction by two prepa-
rations of duck egg yolk for 30 days (made into pellets and fresh preparations), the
experimental animals experienced a significant increase in the cholesterol, LDL, TG,
and AI levels. Different from the research by Bogoriani et al. which showed significant
results, this current study found insignificant results. This is possible due to differences
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Table 1. Lipid profile and atherogenic index after induction of hypercholesterolemia by a variety
of modalities in experimental animal.

Mean ± Standar Deviation (mg/dL) p-value

P1 (n=5) P2 (n=5) P3 (n=5) P4 (n=5) P5 (n=5) P6 (n=5)

Total
cholesterol

73.54 ±
14.15

71.42 ±
12.60

65.44 ±
3.95

85.00 ±
22.86

71.30 ±
6.57

75.40 ±
12.44

0.362

LDL 16.20 ±
2.28

19.20 ±
4.41

14.80 ±
2.38

23.20 ±
9.05

17.16 ±
2.58

20.08 ±
4.13

0.112

HDL 33.80 ±
6.06

35.04 ±
4.07

30.24 ±
2.16

37.16 ±
12.21

31.90 ±
3.38

33.36 ±
5.54

0.631

TG 80.00 ±
28.52

74.46 ±
13.43

81.46 ±
23.36

84.30 ±
30.87

106.34 ±
54.63

126.24 ±
79.19

0.427

AI 0.49 ±
0.75

0.54 ±
0.72

0.49 ±
0.05

0.63 ±
0.12

0.54 ±
0.09

0.60 ±
0.10

0.094

Note: P1= distilled water (normal group), P2= chicken egg yolk, P3=quail egg yolk, P4=duck
egg yolk, P5= liquid butter, P6=liquid margarine. The atherogenic index data were obtained from
LDL data divided by HDL (LDL/HDL)

in the research doses and standard feed given. The dose of 1 ml/100gBW for duck egg
yolk induction given in this study referred to the research by Harsa et al. which used a
combination of duck egg yolk and lard [12]. In contrast to Harsa et al., single induction
by duck egg yolk did not result in decreased HDL levels. In addition, the increase in
triglyceride levels in the group induced by duck egg yolk was not much different com-
pared to the healthy group. This shows that the oil component in the study by Harsa et al.
was able to reduce HDL levels and increase triglyceride levels in experimental animals.
The same finding also appears in a study by sa’Adah et al., which used a combination
of duck egg yolk and used cooking oil [14]. Such combination (duck egg yolk and used
cooking oil) was able to increase the total cholesterol, LDL, and AI index and reduce
HDL. In line with such finding, this current study shows that induction by liquid butter
and margarine resulted in increased triglyceride levels and affected HDL levels. Liquid
butter increased triglyceride levels and reduced HDL levels, while induction by liquid
margarine only increased triglyceride levels. This is similar to the research by Franczyk-
Żarów et al. and de Angelis-Pereira et al. which showed that margarine administration
was able to significantly increase TG levels in experimental animals. Meanwhile, liquid
butter was able to lower HDL levels better than liquid margarine [15], [16].

Atherogenic index is a potential marker for metabolic-related diseases. Research
shows that AI has a strong positive correlation with obesity [17]. Furthermore, AI is also
closely associated with the occurrence of cardiovascular diseases, metabolic syndrome,
hypertension, and diabetesmellitus [18]. It even becomes a strong, independent predictor
of coronary heart disease and other risk factors [19]. AI is closely linked to the hardening
of blood vessels. It can even be used to determine the occurrence of early subclinical
atherosclerotic lesions [20]. Increased AI index after induction by duck egg yolk in this
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study shows its potential to produce cardiovascular animal models by administering
higher doses and longer durations of induction.

The potential of single induction to establish hypercholesterolemia in experimen-
tal animals is lower than that of the combination. Therefore, a large number of studies
have used a combination of various dietary modalities to achieve hypercholesterolemia.
The diet combination with soybeans, cholesterol, and fiber can increase LDL levels and
decrease HDL without causing impaired liver function. This indicates that the induction
model is suitable for hypercholesterolemia research in experimental animals without
causing developmental disorders [21]. A high-fat diet combined with partial carotid
artery ligation is able to create a marked atherosclerotic condition in experimental
animals [22].

Egg yolks have a higher fat content than the rest of the egg. Therefore, this part of
egg is often used for induction of hypercholesterolemia. The inability of quail egg yolks
to increase total cholesterol and LDL levels in this study was caused by their low total fat
content. Research shows that the cholesterol content of quail eggs is lower than that of
duck and turkey eggs [23]. Other studies have similar findings with the highest to lowest
total fat content found in eggs of ostrich, duck, turkey, goose, and quail, respectively.
The content of triglycerides, free fatty acids (FFA), diglycerides (DG), monoglycerides
and phosphatidylinositol in quail eggs is lower than in duck eggs [24].

This study has a number of limitations, including the inability of the researchers to
determine whether there have been morphological and functional abnormalities of the
organs in this induction model. Also, the researchers did not examine how free radical
changes occured after induction. However, this study has been able to demonstrate the
early potential of egg yolk to achieve hypercholesterolemia in experimental animal

4 Conclusion

Induction by duck egg yolk leads to increased levels of total cholesterol, LDL, HDL,
and AI, while induction by liquid margarine raises the triglyceride levels. Duck egg
yolk is potential as induction modality to trigger a hypercholesterolemic condition in
experimental animals.
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