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ABSTRACT: Hyperlipidemia is a significant contributor to the global 

burden of cardiovascular diseases, such as coronary heart disease and stroke. 

Characterized by elevated plasma lipids, including cholesterol, triglycerides, 

and lipoproteins, hyperlipidemia is a prevalent health issue with increasing 

incidence in both developed and developing countries. According to the 

World Health Organization (WHO), raised cholesterol levels are linked to 

4.5% of global deaths and account for 29.7 million disability-adjusted life 

years (DALYs) annually. The Fredrickson classification system, endorsed by 

WHO, categorizes hyperlipidemia into six types based on lipoprotein 

abnormalities, providing a foundation for understanding its diverse etiologies 

and clinical implications. Experimental induction of hyperlipidemia is 

pivotal for studying its pathophysiology and testing potential therapeutic 

interventions. Various screening methods have been developed, including the 

use of pharmacological agents, dietary modifications, and genetic models. 

This review discusses the epidemiology, classification, and methodologies 

used to induce hyperlipidemia in experimental settings, highlighting their 

relevance in advancing our understanding and management of this critical 

public health challenge. 

INTRODUCTION: One of the biggest risk factors 

for the occurrence and severity of coronary heart 

diseases (CHDs) has been identified as 

hyperlipidemia 
1
. The leading causes of death 

include hyperlipidemia, atherosclerosis, stroke, and 

coronary heart disease 
2
. Elevated serum levels of 

total cholesterol (TC), low density lipoprotein 

(LDL), and very low density lipoprotein (VLDL) 

and decreasing levels of high density lipoprotein 

(HDL) are the hallmarks of hyperlipidemia. Among 

these, ischemic heart disease is intimately 

associated with hypercholesterolemia and 

hypertriglyceridemia 
3
.  
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Epidermiology: There are already over three 

million persons in the US and Europe who have 

been diagnosed with hyperlipidemia, and the 

number is rapidly increasing. Usually a chronic, 

progressive condition, hyperlipidemia necessitates 

dietary and lifestyle modifications as well as the 

possible need for additional lipid-lowering drugs. 

Patients with premature coronary artery disease 

(CAD), which is defined as CAD that develops in 

males before the age of 55 to 60 and in females 

before the age of 65, have the highest degree of 

hyperlipidemia.  

The incidence of hyperlipidemia is approximately 

75–85% under the previously mentioned 

conditions, compared to approximately 40–48% in 

the control group of similar age, but without early 

coronary artery disease 
4
. According to estimates, 

more than half of American adults Over 50% of 

American individuals are estimated to have raised 
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LDL levels, and it is hypothesized that less than 

35% of those patients effectively control their 

higher LDL levels, indicating a disease that is not 

receiving enough treatment."Prevalence of 

dyslipidemia was significantly greater among 

whites than blacks (women, 64.7% vs. 49.5%; and 

men, 78.4% vs. 56.7%; P<.001 for both) and 

amongst men than women (P≤.02 in every ethnic 

group) 
5
.  

It seems sense that, in contrast to rates in Europe 

and the US, the prevalence of hyperlipidemia and 

the ensuing coronary artery disease would be lower 

in nations with lower overall rates of obesity and 

saturated fat consumption Underweight or obese 

children under the age of two may develop 

secondary (non-genetic) pediatrichyperlipidemia 
5
. 

Screening Models for Hyperlipidemia: Screening 

models for hyperlipidemia are essential for 

understanding pathophysiological mechanisms and 

evaluating potential therapeutic interventions. 

There are various screening models to induce 

hyperlipidemia it include the following 

In-vivo Screening Models for Hyperlipidemia: 

Chemically Induced Models for Hyperlipidemia: 

D-Fructose Induced Hyperlipidemia: The human 

liver possesses the capability to rapidly absorb and 

metabolize fructose. Historically, individuals 

consumed approximately 16 to 20 grams of 

fructose daily, primarily derived from fresh fruits. 

However, the westernization of diets has led to a 

significant rise in the intake of added fructose, with 

current daily consumption levels ranging from 85 

to 100 grams. When the liver is subjected to 

elevated fructose levels, it initiates rapid 

lipogenesis and triglyceride accumulation, which 

can result in diminished insulin sensitivity and the 

development of hepatic insulin resistance and 

glucose intolerance. The metabolism of fructose 

has garnered substantial scientific attention due to 

these adverse effects. Interestingly, even small 

amounts of fructose can yield positive outcomes, 

such as reducing the glycemic response to glucose 

intake and enhancing glucose tolerance, without 

causing any changes in insulin responses, non-

esterified fatty acids, or total lipid levels 
6
. 

Mechanism of Action: By boosting hepatic 

denovo lipogenesis, encouraging triglyceride 

synthesis, and     decreasing fatty acid oxidation, D 

fructose causes hyperlipidemia. It contributes to the 

development of hyperlipidemia by raising plasma 

triglycerides, secreting VLDL, and lowering HDL 

cholesterol levels 
7, 8

. 

Mechanism of Induction: According to research 

on animals, consuming beverages with 25% 

fructose for 21 days significantly increased 

hyperlipidemia Therefore, 25% fructose was fed to 

female Wistar rats for 21 days in drinking water to 

cause hyperlipidemia 
9
. 

Polaxomer 407 Induced Hyperlipidemia: P-407 

is a block copolymer made up of hydrophilic 

polyoxyethylene units on either side of a core 

hydrophobic component. It can interact with lipid 

metabolic pathways because of its amphiphilic 

nature. The delivery of P-407 results in a marked 

increase in plasma triglyceride levels, which is 

significantly greater than the rise in total plasma 

cholesterol. Plasma triglyceride levels are almost 

five times greater than plasma cholesterol levels 

following a single P-407 injection 
10

. 

Mechanism of Induction: Rats were given 300 

mg/kg of poloxamer-407 reagent dissolved in 

normal saline (0.9%), which caused 

hyperlipidemia. 48 hours before to the final sample 

treatment, the P-407 solution was injected. In order 

to facilitate the P-407's dissolution using the cold 

approach, the agent was combined with saline to 

create the injectable solution, which was then 

chilled for the whole night 
11, 12, 13

. 

Triton X-100-Induced Hyperlipidemia: Triton X-

100 has been commonly used to induce the acute 

hyperlipidemia by blocking the removal of 

triglyceride and cholesterol in various animal 

models particularly the rat models, for the 

screening of synthetic or natural antihyperlipidemic 

drugs 
14, 15

. Rats given 100 mg/kg of Triton X-100 

had higher serum lipid profile values. It is 

commonly known that HDL protects against 

cardiovascular conditions, especially coronary 

artery disease 
16

. Likewise, elevated serum LDL 

levels are associated with a higher chance of 

developing atherosclerosis After 24 hours of IP 

injection of Triton X-100, the levels of HDL in all 

groups decreased, while TC, triglyceride, LDL, and 

VLDL levels significantly increased 
17

. 
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Mechanism of Induction: After 18 hours of 

starvation, rats received a single intraperitoneal (IP) 

injection of 100 mg/kg Triton X-100 prepared in 

normal saline to cause hyperlipidemia. Rats with 

serum TC levels greater than 130 mg/dL were 

deemed hyperlipidemic after 24 hours, when serum 

triglyceride and cholesterol levels were measured. 

Following a 24-hour Triton X-100 injection (when 

hyperlipidemia was produced), treatment was 

initiated orally for 21 days 
18

. 

Diet Induced Model for Hyperlipidemia: A diet-

induced model of hyperlipidemia is a common 

method to simulate human-like hyperlipidemic 

conditions in animals for research purposes. This 

model typically involves feeding animals a specific 

diet high in fats, cholesterol, and sometimes sugar 

to induce metabolic alterations resembling human 

hyperlipidemia. There are varuoustyape of diet 

used it include the following 

Atherogenic Diet for Rat: Animals were fed two 

types of rodent diets, an atherogenic rodent diet 

(ARD) for induction of the model of 

hyperlipidemia and a commercially available 

standard rodent diet (SRD) (VERSELE-LAGA, 

Nature Rat) used as a control. An atherogenic 

rodent diet was prepared from 75.0 % of 

commercially available Teklad TD. 02,028 

(Western purified atherogenic diet with added 

cholesterol and cholic source) to which 15.0 % of 

lard and 10.0 % of coconut oil were added.  

The exact ingredients of ARD and SRD used for 

the induction of the model of hyperlipidemia 

include Casein 146.25 Crude protein 17.5 DL-

methionine 2.25 Crude oils and fats 8.5 Sucrose 

244.095 Crude fibers 8.0 Corn starch 112.5 Crude 

ash 5.0 Anhydrous milkfat 157.5 Additives (per 

kilogram) Cholesterol 9.375 Vitamin A (I.U) 

11,750 Cholic acid 3.75 Vitamin D3 (I. U) 1450 

Cellulose 37.5 Vitamin E (mg) 90.0 Mineral Mix, 

AIN-76 (170915) 26.25 Fe (mg) 112.0 Calcium 

carbonate 3.0 Mn (mg) 86.0 Vitamin Mix, Teklad 

(40060) 
19

. 

High fat Diet Induced Models: Sprague-Dawley 

male rats with an average body weight of 160-180 

g were made hyperlipidemic by giving high-fat diet 

( HFD contained Cholesterol (2%), Cholic acid 

(1%), Dalda (20%), and Coconut oil (6%) as major 

constituents. Hyperlipidemia was confirmed by 

measuring the levels of serum lipids and 

lipoproteins in the rats 
20

. 

PTU Induced Hyperlipidemia: It doesn't take 

long to complete this process. Hyperlipidemia 

(PTU) is brought on by propylthiouracil. PTU is a 

drug for hyperthyroidism. The result is 

hypothyroidism. which is defined by increased 

triglycerides, LDL, VDL, and total cholesterol. 

Procedure: Six hours prior to the measurement of 

total cholesterol, VLDL, and LDL, a significant 

quantity of cholesterol is given to each group. 

There must be 32 rats, split up into five groups. 

PTU is given to all groups for seven days at a dose 

of 10 mg/kg of rat body weight, with the exception 

of the control group. PTU is given at a dose of 0.01 

percent for seven days. Lastly, measurements are 

made of the total cholesterol levels in the liver 

extract, feces, and serum 
21

. 

Gene Manipulated Animal Model for 

Hyperlipidemia: 

Knockout (KO) Laboratory Animals: have been 

developed recently to investigate hyperlipidemia 

(HL). ApoE-KO mice, when maintained on a 

standard diet, exhibited mild HL, with total 

cholesterol (TC) levels at or below 200 mg/dL. 

However, when subjected to a cholesterol-rich diet, 

these mice demonstrated a greater susceptibility to 

HL compared to their normal counterparts, with 

significant elevations in plasma triglycerides (TG) 

and cholesterol, showing a fivefold increase in TG 

and a sixfold increase in cholesterol relative to 

normal animals. The apoE gene can be deleted 

using one of two genome editing methods. ApoE 

serves as a ligand for both the LDL receptor and 

lipoprotein receptor-related proteins, playing a vital 

role in the liver's capacity to clear residual 

lipoproteins. A genetic deficiency in apoE leads to 

human type III hyperlipoproteinemia, and even 

under a standard chow diet, animals lacking the 

apoE gene exhibited HL 
22, 23

. 

Transgenic Animals (TG) Model: Exhibit 

overexpression of human apolipoprotein E (apoE), 

C-III genes, and B-100 within hepatic tissue, 

leading to hyperlipidemic conditions in these TG 

models. Specifically, plasma total cholesterol (TC) 

and triglyceride (TG) levels in human apo B-100 
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transgenic rabbits were found to be three times 

higher than those in their normal counterparts. 

While the levels of high-density lipoprotein 

cholesterol (HDL-C) and TC remained unchanged, 

the plasma TG levels in apo C-III transgenic 

animals were threefold greater compared to normal 

animals. Lipoprotein analyses indicated that the 

elevated TG in apo C-III transgenic rabbits was 

distributed among very low-density lipoprotein 

(VLDL) and chylomicrons (CM). Additionally, 

there have been observations of transgenic animals 

expressing human apo E2, which is associated with 

type III hyperlipoproteinemia, as well as apo E3, 

the most common isoform in humans. The presence 

of elevated levels of human apo E3 (greater than 20 

mg/dL) in these transgenic animals resulted in 

significant mixed hyperlipidemia, characterized by 

increased levels of VLDL and low-density 

lipoprotein (LDL) 
24, 25

. 

In-vitro Screening Model for Hyperlipidemia: 

In-vitro Assay using Caco-2 Cell Lines: The lipid 

profile produced by human intestinal epithelium-

like cells derived from the colon cancer cell line 

Caco-2 is assessed through a specific methodology. 

Initially, Caco-2 cells are cultured in well plates for 

a duration of two days in a medium that includes 

10% fetal bovine serum, along with penicillin and 

streptomycin. Following this, the cells undergo 

differentiation for four days upon exposure to 

sodium butyrate at concentrations ranging from 0 

to 5 mM. After the incubation period, the Caco-2 

cells transform into intestinal epithelium-like cells, 

exhibiting numerous microvilli on their apical 

surface when observed under an electron 

microscope. Subsequently, the culture medium is 

enriched with sodium oleate, prompting the 

differentiated Caco-2 cells to secrete a lipoprotein 

profile into the medium through a microporous 

membrane, resulting in the release of four distinct 

classes of fractions: chylomicrons, very-low-

density lipoproteins (VLDL), low-density 

lipoproteins (LDL), and high-density lipoproteins 

(HDL) 
26, 27, 28

. 

Nitric Oxide (NO) Radical Scavenging Assay: 
The assay for scavenging nitric oxide (NO) radicals 

was conducted following A solution of 0.6 mL 

containing 10 mM sodium nitroprusside was 

combined with extract  at varying concentrations 

ranging from 4 to 64 μg/mL.  

This mixture was incubated at a temperature of 

25°C for a duration of 150 minutes, after which it 

was mixed with 1.0 mL of a pre-prepared Griess 

reagent, which consists of 1% sulfanilamide, 0.1% 

naphthyl ethylenediamine dichloride, and 2% 

phosphoric acid. Ascorbic acid and trolox served as 

standards for comparison. The absorbance of the 

resulting solution was measured at a wavelength of 

546 nm. The percentage inhibition of NO radicals 

was calculated using the formula: 

% inhibition of NO radical = [A0 - A1] / A0 × 100, 

Where A0 represents the absorbance prior to the 

reaction and A1 denotes the absorbance following 

the reaction with the Griess reagent 
29, 30

. 

CONCLUSION: Nil 
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