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Abstract: As a result of high levels of triglycerides, cholesterol and other lipids in the bloodstream, hyperlipidemia
is a disorder that may lead to heart disease and stroke. Increased levels of plasma lipids are the root cause of many
cardiovascular illnesses. A major part of this study is devoted to the function of cytochrome and plant extracts, as
well as animal screening models. Hyperlipidemia may be treated with a combination of over-the-counter drugs and
dietary adjustments, as well as frequent exercise and a healthy diet. It also discusses the different hyperlipidemia
screening models that are now available..

Introduction:

Hyperlipidemia is a disease, an abnormal metabolism in blood stream with increased level of fatty substances called
lipids. Lipids are basically present in cholesterol and triglycerides!. Hyperlipidemia is also termed as
hyperlipiprotenemia, due to the presence of fatty substances in the blood stream; which further attach to the lipids
and form large molecules called lipoproteins. Hypercholesterolemia and hypertriglyceridemia are subcategory of
hyperlipidemia. It is a condition where there is increased level of total cholesterol and increased level of
triglycerides respectively in the blood?.

LIPIDS:
Lipids are biological substances found in blood that are soluble in organic solvents but insoluble in water.

Lipids are classified as:

1. Triglyceride

2. Phospholipids

3. Cholesterol

4. Free fatty acid.
Triglycerides:

Triacylglycerol is another name for triacylglycerides, which are well-known compounds. Adipocytes have the
highest concentrations of these lipids, making them the most prevalent lipids in the body. Plant and animal cells
have the capacity to store lipids. There is an overabundance of fat, alcohol and sugar in the body that is turned into
triglycerides, which are deposited in fat cells. As a source of energy, triglycerides also play a vital function in
metabolism. Synthesis occurs mostly in the liver and adipose tissued. There are three fatty acid molecules in the
structure of triglycerides. The table below5 shows the range and value of triglyceride based on data retrieved from
the National Institutes of Health:
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Phospholipids:

Phospholipids (PL) play a significant role since they are found in high concentrations throughout the body's main
organs and tissues, including the brain. Covalently bonded lipids with phosphate-containing polar head groups
linked to hydrocarbon chains are known as phospholipids. In the liver, lipoproteins limit fat formation by controlling
membrane permeability and maintaining the mitochondrial electron transport chain, hence it is known as a
lipotropic factor. Reverse cholesterol transport is helped by this process, which is facilitated by the creation of
eicosanoid precursors. Cholesterol may be dissolved in this compound6,7.

Cholesterol:

Considering its role in tissue mobility, cholesterol is an essential component of all mammalian cell membranes.
Steroid hormones and bile acids are two examples of this family of chemicals. As a free fatty acid or in the form of
numerous fatty esters, it is found in animal cells, but not in plant lipids. For example, it protects nerve fibres and
forms progesterone, testosterone, estradiol, and cortisol, the sex hormones known as progesterone, testosterone,
and estradiol. Bile salts, which aid in the digestion of food, are also produced by the liver. Vitamin D production in
the skin is aided by the presence of cholesterol.8

Lipoproteins:

By combining with proteins, lipoproteins carry cholesterol and triglyceride throughout the body. Cholesterol esters
and triglycerides are examples of non-polar lipids found in the hydrophobic centre of these big particles.
Phosphatidylcholine (PC), free cholesterol (FC), and apolipoproteins9 make up the hydrophilic membrane
surrounding the hydrophobic core.

Types of Lipoproteins:

It is broadly of six types namely as depicted below:

LIPOPROTEINS

!

l A l
Chylomicrons (CM) Low-density Intermediate-density
linooroteins (LDL) lipoproteins (IDL)
v v v
Very low density High-density lipoproteins Lipoprotein a (Lp a)
lipoproteins (VLDL)

(HDL) (VLDL)

Fig 1:0 Types of lipoprotein
Chylomicrons:

In terms of both size and density, these are the biggest plasma proteins in the bloodstream. Dietary fats are
solubilized in bile, and bile acid concentration is a good predictor of this compound's concentration.

VLDL:

Lipoproteins with a very low triglyceride content, known as very low-density lipoproteins, are smaller than
chylomicrons. They're produced in the liver and transport triglycerides from the liver into the bloodstream.
Cholesterol and triglycerides are the building blocks of these substances.

IDL:

Lipase, an enzyme found in the capillaries of adipose and muscle tissue, degrades VLDL particles, forming
intermediate density lipoproteins.
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LDL:
Lipoprotein lipase and intestinal chyle12 produce low-density lipoproteins from VLDL.
HDL:

HDL is known as the "good" cholesterol because it actively seeks for and eliminates LDL. The liver and small
intestines produce HDL. The liver is responsible for the breakdown of lipids in the body's tissues and the subsequent
return of these lipids to the tissues13. It has an anti-inflammatory effect.

Lp(a):

The liver is responsible for releasing it. Atherosclerosis is connected to lipoprotein (a), a cholesterol-rich plasma
lipoprotein. There was also a statistically significant rise in Lp(a) plasma level concentration in females with age,
according to studies by Nago et al. As compared to non-drinkers, alcohol drinkers had decreased Lp(a) plasma
levels, which was also shown to be true 14.

Free Fatty Acid:
Free Fatty Acid:

It is one of the simplest forms of lipids that may be found as esters, and it is made up of free fatty acids (FFAs).
Because FFAs are water insoluble and very minimally available at albumin binding sites, it is considered a
considerable energy store. Large quantities of energy are released as ATP when mitochondria-containing cells
absorb FFAs from the bloodstream and oxidise them to produce CO2 and H20.

Classification of free fatty acids based on aliphatic tail length:

Free fatty acid No. of carbon atom

Fatty acids with a short chain (SCFAs) Carbon atoms with less than six

MCFAs (Medium Chain Fatty Acids) 6—12 atoms of carbon

Fats with long chains (LCFAs) Carbon atoms with a mass ranging between 6
and 12

Table 1.3: Classification of free fatty acids based on aliphatic tail length
Functions of free fatty acids:

Systemic fuel energy homeostasis is regulated by receptor signalling, gene expression, and metabolic gene
expression in physiology.

Many physiological and pathological processes are regulated by the functional receptors of FFAs, such as the fatty
acid binding protein (FABP) and the peroxisome proliferator activated receptor (PPAR).

Classification of hyperlipidemia
Hyperlipidemia may be divided into two major categories:
Based on the kind of lipids:

In hypercholesterolemia, the total cholesterol level is excessive. In hypertriglyceridemia, the triglyceride levels are
elevated.

On the basis of causing factor:

Because of a hereditary flaw, this kind of hyperlipidemia is known as familial (or primary). The lipoprotein
electrophoresis or ultracentrifugation pattern is used by Fredrickson to classify familial hyperlipidemia. 17

Type |I-Excessively high amounts of triglycerides in the blood.
High cholesterol and normal triglyceride levels in Type II.
Type lll-Excessive levels of cholesterol and triglycerides.

Uric acid, atheroma, and elevated triglycerides characterise type IV diabetes.
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This kind of triglyceride is raised.

Hyperlipidemia ’l

On the basis of lipid
type

On the basis of causing
factor

Hypercholesterolemia Famlllal.(l?rlmalry)
hyperlipidemia
Hypertriglyceridemia Acquired (Secondary)
hyperlipidemia

Fig 1.2: Classification of hyperlipidemia

Hyperlipidemia secondary to a medical condition acquired over time Acquired means that it is a consequence of
underlying conditions. Changes in the metabolism of plasma lipoproteins18 are caused by the development of
acquired hyperlipidemia. The combination of acquired hyperlipidemia with substantial hyper triglyceridemia may
lead to an increased risk of early atherosclerosis, pancreatitis, and other consequences of the chylomicronemia
syndrome.

Causes of acquired hyperlipidemia
Diabetes Mellitus
Use of drugs such as diuretics, B-blockers and estrogens.

Alcohol consumption.
Some rare endocrine disorders and metabolic disorders.
Hypothyroidism
Renal failure
Insulin Resistance Type 2 Diabetes
using diuretics, -blockers, and estrogens.
Consumption of alcohol.
There are a few uncommon endocrine and metabolic
conditions.
Hypothyroidism
failure of the kidneys
Syndrome of nephrosis
Table 1.4: Causes of acquired haemophilia

Symptoms of hyperlipidemia

Although there are no evident signs of hyperlipidemia, it is generally discovered through routine medical
examinations. Hyperlipidaemia is also often seen in patients who have had a stroke or heart attack. There are just
a few circumstances in which hyperlipidemia is present:

-Hyperlipidemia on few cases leads to atherosclerosis, characterised with chest pain (angina), further which the
body may undergo heart attack or stroke®.

-Xanthomas, deposits of cholesterol is develop in patient with familial form or high blood cholesterol level under
the skin, more specifically under the eye?!.

-The high level of triglycerides may form nodules on the knees?2.
-Hyperglycaemia is also associated with swollen liver and pancreas.

- Vessels of brain and heart may be blocked.
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Complications of hyperlipidaemia:
Atheosclerosis:

Cholesterol, fat, and calcium buildup in the arterial walls is a frequent ailment. Large and medium fibrous plaques
occur as a consequence of this deposit in the arteries. The pathophysiology of atherosclerosis is said to be
influenced by cholesterol. Atherosclerosis, the leading cause of cardiovascular disease, is thought to be
exacerbated by hyperlipidemia, which is a key risk factor for this illness.

Coronary Artery Disease:

Atherosclerosis, the buildup of lipids in the arterial walls that results in fibrous plaque, is the primary cause of
coronary artery disease. The myocardial receives its blood via the arteries, which get narrowed as a result of lipid
buildup, reducing the amount of blood and oxygen available to the heart. In the long term, the heart muscle will
be damaged because of the irregular blood supply. Consequently, a rise in lipids has been linked to coronary artery
disease.

Myocardial Infraction:

Myocardial Infarction (Ml) is a condition, where there is lack of oxygen required by the myocardium to supply
blood to the coronaries. It is further characterised by chest pain or discomfort extending to shoulder, arm, back,
neck and/or jaw?”.This lack of blood and oxygen supply further results in cardiac cell damage or death of cardiac
cell®,

Ischemic stroke or cerebrovascular accident:

Essentially, it's a disorder in which part or all of the brain's blood supply is cut off. Brain health depends on the
oxygen and other nutrients carried by the blood. When the brain's blood supply is cut off, the brain's neuron brain
cells die and cease to perform their duties. When an artery is blocked by a stroke-causing clot in the brain, the
condition is known as a stroke. Stroke risk may be lowered by a reduction in low density lipoprotein and total
cholesterol, according to research done in clinical trials29.

Angina Pectoris:

Angina is a symptom, not a disease of the heart. Chest pain, uneasiness, and/or a pressing sensation are common
symptoms. To put it another way, it's when there's a lack of blood flow to the heart muscle. Heart disease,
specifically occlusion of a coronary artery, causes a reduction in blood flow.30

Ischemic stroke or
Cerebrovascular Accident
(CVA)

Myocardial Infarction Complications JARR )
Coronary Artery Disease Atherosclerosis
(CAD)

Fig 1.3: Complications of hyperlipidemia
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Pathophysiology of hyperlipidemia:
Primary and secondary hyperlipidemia are the two main forms of hyperlipidemia pathogenesis.

Primary hyperlipidemia's aetiology:

Primary hyperlipidemia

/\

Defect in lipid Defect in lipoprotein
metabolism lipase activity/ absence
of apoprotein

| |

Hypertriglyceridemia Hyperchylomicronemia

Fig 1.4: Pathophysiology of primary hyperlipidemia
Pathophysiology of secondary hyperlipidemia:

Fat containing meal increases serum triglycerides for about 3-10 hours as the after food chylomicrons absorption
from the Gl tract occurs after 30-60 minutes!. Hyperlipidemia is seen in diabetic patients due to low LPL activity
causing the liver to synthesis VLDL. Hypercholesterolemia and hypertriglyceridemia are caused by the liver's
increased production of VLDL in hyperadrenocorticism32. The conversion of cholesterol to bile acids is reduced in
hypothyroidism. The atherosclerotic lesions form as a result of LDL being transported and retained in the
extracellular matrix of endothelial cells. LDL enter the artery wall and undergo oxidation which attaches monocytes
into the artery wall the monocytes accelerates oxidation of LDL when transformed into macrophage. Oxidized LDL
have inflammatory responses which is mediated by cytokines®3.

Cholesterol hypothesis: Cholesterol enters the bloodstream in the form of complexes of lipids and proteins, which
are degraded into bile acids before being expelled in the form of biliary secretions. Acetyl coenzyme A is used to
synthesise cholesterol (acetyl-CoA). —ketothiolase also condenses two acetyl-CoA molecules into acetoacetyl-CoA.
3-Hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA) is the limiting enzyme in the production of cholesterol from
squalene and cytochrome P450 51 controls the post-squalene section of the process (CYP51). The CYP51 enzyme
removes the 14-methyl group of lanosterol as the initial sterol precursor in the process of cholesterol production.
A protein similar to Niemann-Pick C1 and ATP-binding cassette (ABC) transporters ABCG5 and ABCG8 work together
to transport cholesterol into the enterocyte. triglycerides are hydolyzed in the blood by lipids to release cholesterol,
which is then released into the bloodstream as very low density lipoproteins (VLDLs) (VLDL). Once released into
the bloodstream, very low density lipoproteins (VLDL) lose their lipid content and become IDLs and then low density
lipoproteins (LDLs) (LDLs). LDLs are responsible for transporting cholesterol to peripheral tissues, where it is
subsequently hydroxylated by the lysosomal enzyme to release free cholesterol. Atherosclerotic plaques are
caused by the activation of the enzyme, acyl cholesterol acyltransferase (ACAT), which is activated by free
cholesterol and then re-esterifies cholesterol for storage. CYP27A1 or CYP46A1 are expressed in neural tissues that
hydroxylate excess cholesterol to eliminate it.

CYP7A1 : Assignificant part of the liver's daily clearance of 400-600 mg of cholesterol is due to this crucial predictor
of plasma cholesterol levels. Cholesterol is converted to 7-hydroxycholesterol by CYP7A1. There was an increase in
total cholesterol in three people who were deficient in cholesterol 7 hydroxylase, and they were shown to be
resistant to statin therapy35,36.
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CYP27A1: Only 18-20 mg of cholesterol are excreted by CYP27A1.

Cholesterol
Liver
«— CYP27t% S
v Bile acid
synthesis

27-hydroxycholesterol

l l

Eliminates cholesterol from human lung Hydroxylation of bile acid
macrophages and cells in arterial endothelium intermediates

Fig: Mechanism of CYP27A1 for cholesterol lowering®’.

The CYP27A1 activity of a person with CYP7A1 deficit was twice as high as that of a control participant with no
CYP7A136 mutation. Slowly increasing cerebrotendinous xanthomatosis (CTX) is characterised by many symptoms
such as early atherosclerosis38 in those who are deficient in this enzyme.

CYP46A1:

Cholesterol -cholesterol turnover in the CNS

- progression of neurodegeneration
CYP46A1 —>»

- polymorphisms in CYP46A1 created a risk

Hydroxylate cholesterol factor for Alzheimer’s disease

on position 24

l 24( S )-hydroxycholesterol

Traverse the blood-brain barrier [— | enter blood circulation

!

Bile acid degradation in liver.

Fig: Mechanism of CYP46A1 for cholesterol lowering383940,

Factors affecting hyperlipidemia:

-Age: When it comes to cardiovascular disease risk, persons with familial hypercholesterolemia are more likely to
have very high LDL-C values, whereas those with genetic polymorphisms have a much lower risk than the general
population.

-Environment: Environmental tobacco smoke (ETS) and hyperlipidemia were the focus of a Taiwanese research
that looked at how stress at work affected both variables. An increased risk of hyperlipidemia was shown to be
associated with both poor dietary choices and high levels of work-related stress, according to the findings. Non-
obese, non-smoking individuals who have been exposed to ETS as well as those who have experienced work-related
stress have an increased chance of developing hyperlipidemia.

Because cadmium absorbed by soil is hazardous to human health, soil cadmium contamination is a significant
source of pollution. An increase in high-density lipoprotein (HDL) function led to hyperlipidemia, inflammation, and
alterations in the liver's fatty composition in zebrafish models given a high cholesterol diet containing cadmium41.

There is a role for trace elements in physiological processes and in the metabolism of food. A zebrafish model's
ability to maintain homeostasis of lipids was shown to be influenced by iron ingestion in studies using HCD-fed
zebrafish after only 24 weeks of iron consumption42.
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- Racial/ethnic differences in lipid profiles: Compared to Whites, African—Americans have a greater lipid profile.
Decreased hepatic lipase activity and lower triglyceride levels have been reported in African—Americans44. When
it comes to lipoprotein (a), which has an extra disulfide-linked glycoprotein known as ApoA, African—Americans
have lower levels than whites.45,46

Diagnosis of hyperlipidemia

Hyperlipidemia does not show any symptoms at an early stage and later result in stroke or other cardiac disorder.
Hyperlipidemia can be detected by a blood test, namely termed as lipid profile test. Normal levels for a lipid

profile?”*® are listed below (table)
Lipids Desirable value Borderline High risk
Cholesterol Less than 200 mg/dl  200-239 mg/dI 240 mg/dl
Triglycerides Less than 140 mg/dl  150-199 mg/dlI 200-499 mg/dI
HDL cholesterol 60 mg/dl 40-50 mg/dI Less than 40 mg/dI
LDL cholesterol 60-130 mg/dI 130-159 mg/dl 160-189 mg/dl
Cholesterol/HDL ratio 4 5 6

Table 1.5: Normal levels for a lipid profile Review of NIHARIKA VERMA's article, "Introduction to Hyperlipidemic
Disorder and Treatment,"

Prevention of hyperlipidemia
-Review of NIHARIKA VERMA's article, "Introduction to Hyperlipidemic Disorder and Treatment,"
-Soluble fiber-rich foods include oats, beans, and certain fruits.

-Maintaining a healthy weight requires frequent exercise.

Treatment of hyperlipidemia:

An individual's lipid levels and stage of hyperlipidemia affect the therapy options. Regular physical activity, a low-
fat diet, and weight loss and smoking cessation are also recommended by doctors as a starting point for therapy.
Monotherapy or combination therapy is used based on the severity of hyperlipidemia to further develop the
treatment. Ayurveda therapy, on the other hand, falls under the umbrella of holistic medicine, which emphasises
well-being via food, nutrition, herbs, yoga, meditation, and seasonal rituals. In-addition to pharmaceutical and
Ayurveda treatments, home remedies may help decrease fat and cholesterol levels in the body by using just a few
items.

Treatment of hyperlipidemia

v
‘ !
Therapeutic lifestyle changes Drug therapy
} o |
Home medications Pharmacological Ayurveda
treatment treatment

Fig 1.5: Treatment of hyperlipidemia
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Therapeutic lifestyle changes

Change in lifestyle is the initial treatment recommended to lower the lipids level. Few of the recommended lifestyle
changes for improving the health in relation to hyperlipidemia are:

-Diet modification with less intake of fats.
- Regular physical activity

-Smoking cessation

-Weight management.

Drug therapy

The initiation of a drug qualifies in presence of high LDL with the presence of risk factors. The lipid lowering drugs
available are listed below®:

Drug Mechanism of action
HMG-CoA reductase inhibitors
Lovastatin . e
. . J' CH synthesis by inhibition of rate
Simvastatin

limiting HMG-CoA reductase
Atorvastatin

Rosuvastatin

Bile acid sequestrants
Cholestyramine

Colestingl J bile acid absorption, 1 hepatic

conversion of CH to bile acids,
LDL receptors on hepatocytes

Fibric acid derivatives

Gemfibrozil M Activity of lipoprotein lipase, {,
Bezafibrate release of fatty acids from adipose
Fenofibrate tissue

Nicotinic acid
J' Production of VLDL, { lipolysis
in adipocytes

Plants having hypoglycaemic activity:

Hyperlipidemia may be prevented using hypolipidemic medications, although these medications have side effects.
For the treatment of hyperlipidemia, there is a need for novel molecules with fewer side effects. There is no
comparison between herbal hypolipidemic medications in terms of potency or negative effects. Because of their
hypolipidemic properties, these natural compounds are sought after by patients. Listed below are a few
hypoglycemic therapeutic plants:
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S.NO Plant name Family Plant part Reference
1 Abelomoschus esculentus Malvaceae Whole plant 50
2 Amaranthus Spinosus Amaranthaceae Leaves 51
3 Crotalaria juncea Fabaceae Leaves 52
4 Chlorophytum Borivilianum  Liliaceae Leaves 53
5 Ougeinia oojeinensis Fabaceae Bark 54
6 Bauhinia purpurea Fabaceae Leaves 55
7 Glycyrrhiza Glabra Fabaceae Root 56
8 Hibiscus cannabinus Malvaceae Fresh mature leaves 57
9 Withania Somnifera Solanaceae Root 58
10 Moringa oleifera Moringaceae Leaves, roots, seeds 59
11 Luffa aegyptiaca Cuccurbitaceae Fruit 60
12 Rhinacanthus nasutus Acanthaceae Whole plant 61
13 Eclipta prostrate Asteraceae Plant juice 62

Table 1.6: Medicinal plants with hypolipidemic activity.

Screening models available for hypolipidemia Study:

High
Cholesterol diet
induced
Atherogenic diet
induced High Fructose
hyperlipidemic diet induced

Hydrocortisone
induced Triton induced

Screening models for hyperlipidemic
hypolipemic study

hyperlipidemic

High fat diet Streptozotocin
induced induced
hyperlipidemic diabetic
Tylaxapol

Alloxan induced

induced diabetic

hyperlipidemic

Fig 1.6: Screening models available for hypolipidemia Study
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SL.No Model Reference
1 High Cholesterol diet induced method 63
2 High Fructose diet induced method 64
3 Triton induced hyperlipidemic method 65
4 Streptozotocin induced diabetic method 66
5 Alloxan induced diabetic method 67
6 Tylaxapol induced hyperlipidemic method 68
7 High fat diet induced hyperlipidemic method 69
8 Hydrocortisone induced hyperlipidemic method 70

Diabetic induction by streptozotocin
Diabetic induction by alloxan
Hyperlipidemia caused by Tylaxapol
Hyperlipidemia caused by a high-fat diet is one option.
Method for inducing hyperlipidemia using hydrocortisone
Hyperlipidemic method produced by an atherosclerotic
9 diet 71
Tablel.7: Screening models for hypolipidemic study.

SL.No Other Models

1 Hereditary hypercholesterolemia in experimental animals like rats
2 Hereditary hyperlipidemia in rabbits.

3 Transgenic animals- apoprotein E knock out model

4 Fructose induced hypertriglyceridemia in laboratory animal rats

Table 1.8: Other Screening models for hypolipidemic study.

Zebrafish as a model for screening effective Antihyperlipidemic drugs

Zebrafish fish was used as a model for hypolidipemic study due to the similar development and metabolic processes
to mammals’?. The zebrafish is generally small in size, a low cost for maintenance and develops rapidly”. It has
been reported that zebrafish was also used to analyze the and observe the lipid metabolism”. In a research that
used zebrafish as a model for antihyperlipidemia, it was revealed that the lipid levels of High Fat Diet zebrafish
were dramatically elevated and that atorvastatin, fenofibrate, and ezetimibe exhibited lipid-lowering effects to
some extent75. Dyslipidaemia and its accompanying illnesses have also been studied using Zebrafish models76.

Lxr Mutant Zebrafish:

Lxra and Lxrf are liver X receptor genes in mammals responsible for cholesterol metabolism. In zebrafish, Lxra is
present and knocked out result in LDL elevation in a High cholesterol diet or high at diet. This result in increased
cholesterolemia and hepatic steatosis”’.

Apoc2 Mutant Zebrafish
APOC?2 is lipoprotein lipase activator having a role in lipid metabolism’®. Deletion of apoc2 Zebrafish via TALEN
technology revealed chylomicronemia and severe hypertriglyceridemia ”

CONCLUSION: Hyperlipidemia, a leading cause of coronary heart disease, is the subject of this review. The
management, symptoms, kinds, categorization, and pathophysiology of hyperipidemia are discussed in this article.
Plants with hypolididemic properties are among the many treatments available, including psychotherapy and
pharmacology. The numerous screening methods for hypolipidemic activity are also discussed in the text.
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