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Abstract

The medical disorder known as hyperlipidemia is characterized by unusually high amount of lipids in the blood
(fatty substances). This illness is also associated with being overweight. Even though hypolipidemic drugs are
commonly used to treat cardiovascular diseases and stroke, there is a possibility that they may cause undesirable
side effects. Many different medicinal plants have been successfully utilized in the treatment of various conditions
in India. The treatment of hyperlipidemia was the primary focus of this investigation into the therapeutic properties

of a variety of plants.
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1. Introduction

Abnormal levels of lipids and lipoproteins in the blood
are linked to the prevalence of obesity, a leading public
health issue (hyperlipidemia and hyperlipoproteinemia).
Hyperlipidemia is characterized by elevated levels of
lipids and cholesterol in the blood, which can point
to several problems with lipoprotein metabolism!.
Cholesterol and triglycerides are two types of lipids
that can accumulate in excess in the blood and cause
a condition called hyperlipidemia. The disease known
as hyperlipoproteinemia occurs when there is an
abnormally high concentration of triglyceride-protein
complexes in the blood. Fat molecules in the bloodstream
stay as liquid®. This lipid metabolic condition is
characterized by elevated plasma concentrations of
various lipid and lipoprotein fractions, principal risk
factors for Cardiovascular Disease (CVD). Cholesterol
esters, phospholipids, and triglycerides all rise as well.
Heart disease can be avoided with a healthy lifestyle
that includes regular exercise and a diet high in fruits,
vegetables, and legumes.
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The major cause of death in both emerging
and industrialized nations is the predisposition to
cardiovascular, cerebrovascular, and peripheral vascular
artery disorders, which are mostly caused by abnormalities
in plasma lipids®.

Hyperlipidemia indicates alterations in serum lipid
and lipoprotein profiles due to increased Total Cholesterol
(TC), Low-Density Lipoprotein-Cholesterol (LDL-C),
Very Low-Density Lipoprotein-Cholesterol (VLDL-C),
and Triglyceride (TG) levels and decreased High-Density
Lipoprotein-Cholesterol (HDL-C) levels. The WHO has
created a list of 21,000 medicinal plants used in different
parts of the world. India is home to over 2500 unique
species, with 150 holding significant economic value.
India is the largest producer of medicinal herbs, earning
it the nickname “botanical garden of the world™*>.
Hypercholesterolemia (HC) is defined as elevated
blood cholesterol levels. The expert panel of the
National Cholesterol Education Program determined
that blood cholesterol values below 200 mg/dL are
desirable. Blood cholesterol levels between 200
and 239 mg/dL are considered borderline, whereas
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240 mg/dL levels are considered as hypercholestero-
lemic®. Environmental and genetic variables both play
a role in the development of HC’. According to the
theory of familial HC, the main environmental causes
are obesity and high-fat diets, whereas the genetic
factors include the cumulative effects of numerous
genes or single-gene anomalies®. High blood
cholesterol levels are associated with an increased
risk of cardiovascular disease, stroke, and cognitive
decline®. Peripheral vascular disease, in which fat
builds up mainly in the arteries leading to the legs
and feet, has also been linked to elevated cholesterol
levels. HC has also been linked to metabolic syndrome
and hypertension'®. In addition to pharmaceutical
interventions, lifestyle changes such as giving up
tobacco, increasing physical activity, and adopting a
diet rich in fibre and low in trans and saturated fats
are beneficial for people with hypercholesterolemia.
Cholesterol-lowering effects of red yeast rice and rice
bran oil have been demonstrated. Cholesterol-lowering
effects of a wide variety of herbs and spices, including
ginger and turmeric, have also been investigated'!.

Important Omega-3 fatty acids for reducing TG
and non-HDL cholesterol are Docosahexaenoic Acid
(DHA) and Eicosapentaenoic Acid (EPA)!2. The risk of
atherosclerosis can be lowered by simultaneously reducing
TC and TG levels'*!'%. Omega-3 fatty acids can improve
metabolic problems related to non-alcoholic fatty liver in
people with hyperlipidemia'>.
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2. Hyperlipidemia Treatment
using Herbs

2.1 Garlic (Allium sativum)

Garlic has been used for centuries as a culinary and
medicinal herb. Use of this substance is widespread in
traditional medicine. Garlic and its organosulfur bioactive
components (including diallyl disulfide, S-allylcysteine,
allin, and allicin) shown in Figure 1 A-D were found
to play a significant impact in the regulation of serum
lipid parameters in animal studies when administered
in powder, extract, or oil form at varying doses. When
exposed to high pressure and temperature, garlic showed
improved organoleptic qualities and lipid-lowering
activity'®-18,

Reliable clinical data on the likely justification for
garlic usage in hyperlipidemia therapy was supplied
by a meta-analysis consisting of 14 trials with a total of
1093 hyperlipidemic patients throughout the world. The
studies lasted from 4 weeks to 10 months; and they utilized
dosages of garlic from 0.3 to 20 g each day. Variations
in TC, LDL-C, HDL-C, and TG levels occurred due to
differences in garlic type, dosage form, and duration of
study. Garlic’s ability to reduce TC and LDL-C has been
supported by statistical analysis'®.

Similar to statins, garlic inhibited the liver enzyme
3-hydroxy-3 methylglutarylcoenzyme A (HMG-CoA)
reductase, resulting in lower cholesterol synthesis?®2!.
Bioactive compounds in garlic, such as glucose
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Figure 1. Structures of bioactive components of garlic.
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Figure 2. Structure of cymarine.

6-phosphate dehydrogenase, malic enzyme, and Fatty
Acid Synthase (FAS), decrease cholesterol synthesis in
addition to blocking HMG-CoA reductase®*.

2.2 Artichoke (Cynara scolymus)

The Cynara scolymus leaf extract, sometimes known as
artichoke thistle, is another herbal remedy for reducing
high cholesterol levels. Cynara cardunculus var. scolymus,
more often known as the globe artichoke, is cultivated for
its edible leaves. It’s a perennial plant native to the Canary
Islands and the Mediterranean region of Southern Europe
and Northern Africa. Artichoke is not only consumed in
food forms but also beverages such as tea and liqueurs.
Artichoke has been studied for its medicinal effects for
over 60 years.
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In vitro and in vivo research has shown that Artichoke
Leaf Extract (ALE), specifically cymarine (Figure 2),
can reduce plasma cholesterol levels. These studies were
conducted on the extract’s potential to do this**?. In a
dose-dependent way, the anti-atherosclerotic activity
of luteolin-rich artichoke extract, similar to that of
cymarine, reduces the amount of LDL oxidation?. The
ALE treatment of primary cultures of rat hepatocytes
significantly inhibited cholesterol synthesis?’.

Positive effects of ALE (1800 mg/day) on related
hypertriglyceridemia in metabolic syndrome were
observed in a recent randomized, double-blind, placebo-
controlled trial involving 80 patients®®. The levels of TC
and LDL-C were not different from those of the placebo
group, despite the considerable reduction in TG levels.

Studies on the possible in vitro mechanisms by which
artichoke active principles reduce cholesterol levels were
conducted primarily. In particular, sesquiterpens such as
cynaropicrin, aguerin B, and grosheimin (Figures 3 A-C)
and sesquiterpene glycosides like cynarascolosides A,
B, and C (Figures 4 A-C) are responsible for artichokes’
lipid-lowering effects. One theory proposed a mechanism
whereby cholesterol levels could be lowered by suppressing
cholesterol biosynthesis by inhibiting hepatic HMG-
CoA reductase activity, TG formation could be stymied
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Figure 3. Structure of different sesquiterpens.
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Figure 4. Structure of cynarascolosides A, B, and C.

by decreasing Phosphatidate Phosphohydrolase (PAP)
activity, and bile acids could be excreted more efficiently
in the faeces®*!.

In addition, the anti-atherogenic capabilities of
artichoke aqueous extract were investigated in rats (fed
a high-fat diet)’?. In addition to reducing cholesterol,
the polyphenols in artichoke extract exhibit anti-
inflammatory effect by regulating pro-inflammatory and
anti-inflammatory cytokines. This regulation safeguards
the vascular system from atherosclerosis®!.

Additionally, it was hypothesized that the lipid-
lowering effects were caused by a polymorphism in the
intro 1 (Tag-IB) region of the Cholesteryl Ester Transfer
Protein (CETP). Rezazadeh and colleagues investigated
the effects of ALE extracts on CETP and cholesterol levels
in a group of eighty individuals suffering from metabolic
syndrome?®. Taq IB-B1B1 male carriers showed decreased
LDL-C levels after ALE intervention. However, there were
no significant changes in CETP levels (1800 mg/day of
ALE).

2.3 Fenugreek (Trigonella foenum
graecum) Seeds

Fenugreek, or Trigonella foenumgraecum, has been shown
to reduce both cholesterol and glucose levels in the blood.
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Its high fibre content has been linked to reduced blood
and liver cholesterol**>**, Fenugreek seed’s lipid-lowering
activity is mediated by the presence of 4-hydroxyisoleucine
(Figure 5), a branched-chain amino acid, and its action on
adipocytes and liver cells, which results in reduced TG,
TC, and LDL levels*>’.

Fenugreek seed’s major active ingredients are the
steroid saponin and sapogenin extracts. Cholesterol is
lowered through more than one component and likely
more than one pathway through its interaction with bile
acids in the digestive tract®®.

2.4 Turmeric (Curcuma longa)

Clinical evidence included in meta-analyses brought
attention to turmeric, a yellow spice commonly used in
Asia that is rich in curcuminoids (curcumin) shown in
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Figure 5. Structure of 4-hydroxyisoleucine.
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Figure 6. Seven trials with a total of 649 participants, all of
which were placebo or drug-controlled and randomized,
are included in the analysis®**
curcumin for a period between four and six months, during
which time they were divided into two groups: those with
metabolic syndrome, and those with Type 2 diabetes.
Patients who were at risk for cardiovascular disease
had lower levels of LDL-C and TG in their blood after
taking turmeric. The inaccuracy of the TC level readings,
combined with doses that ranged from 70 mg/day to 1890
mg/day, made it difficult to draw any conclusions from the
research on turmeric and its potential health benefits*. In
the other meta-analysis, there were a total of 1427 people
included; 737 of them were in the group that received
curcuminoids, and 690 of them were in the control
group. This meta-analysis was based on 20 studies, and it
included people who were healthy, as well as people who
had hyperlipidemia, metabolic syndrome, Non-Alcoholic
Liver Disease (NAFLD), Type 2 diabetes, cardiovascular
disease, and even chronic obstructive pulmonary disease.

. Patients were given

According to the findings, curcuminoids had a significant
impact on lowering TG levels and increasing HDL-C
levels in the blood. Despite this, neither total cholesterol
nor low-density lipoprotein levels in the serum decreased
much®. Both of these meta-analyses concluded that
the components of turmeric have a positive impact on
cholesterol levels. The possibility exists that the slight
disparities in the results that were obtained are attributable
to the varied eligibility requirements of the target group.
In mice, supplementing their diet with curcumin extracts
prevented both weight gain and pathological changes in
hepatocytes and aorta walls, in addition to improving
their blood cholesterol levels (significantly lowering total
cholesterol, low-density lipoprotein cholesterol, and high-
density lipoprotein cholesterol)*!. With these findings,
another study indicated that ingesting curcumin at a
dose of 300 mg/kg/day reduced histological changes
in the liver, body weight rise, and blood lipid markers
(TC, TG, LDL-C, and HDL-C) in rats that were given
streptozotocin in addition to a high-fat diet*2. Curcumin
treatment improved glucose tolerance and decreased
blood sugar levels in rats. Analysis of oxidative stress
markers and the expression of the Bcl-2 and Bax proteins
indicated the importance of antioxidative and anti-
apoptotic processes in the management of hyperglycemia
and hyperlipidemia*>.

Possible lipid-lowering mechanisms discovered in
animal studies include decreased cholesterol absorption in
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Figure 6. Structure of curcumin.

the duodenum and jejunum, decreased adipogenesis, and
increased lipid catabolism. Lower levels of the NPCIL1
protein, which mediates intestinal cholesterol absorption,
led researchers to uncover curcumin’s effect on cholesterol
absorption*>**, The reverse cholesterol transport system is
essential for cholesterol clearance from peripheral tissues,
and curcumin, like statins, influenced the components
that controlled this mechanism. ABCA1l (involved
in cellular cholesterol efflux), caveolin-1 (engaged in
cholesterol transport), and HDL-mediated pathways for
cholesterol elimination were all induced in response to
PPARSs activation®.

2.5 Green Tea (Camelia sinensis)

Green Tea (GT) is an extract of the Camellia sinensis plant
that undergoes minimal processing and no fermentation.
The catechins in GT, especially Epigallocatechin Gallate
(EGCG) shown in Figure 7 A-B have been demonstrated
to have biological activity at concentrations as high as
30-42 % in the dry weight of GT*6-3, A meta-analysis of 14
randomized controlled experiments revealed evidence for
an anti-hyperlipidemic effect of GT beverage and extract
in humans®. All of the participants (1136) were either
healthy, overweight, obese, or at risk for cardiovascular
disease. The GT dosage ranged from 150 mg per day
to 2500 mg per day, with the average daily dose being
around 200 mg. GT had significant benefits in lowering
TC and LDL-C, but had little effect on HDL-C levels.
Moreover, the preparation type, the dose of catechins, the
time period of the investigation, or the health status of
the subgroup had no impact on the effect of GT. A small
number of people had some discomfort, although this
was the exception. In addition, a recent meta-analysis that
focused on randomized controlled trials on overweight
and obese patients indicated that GT significantly lowered
TC and LDL-C with no significant changes in HDL-C or
TG. A total of 1704 persons participated throughout 21
investigations, and the EGCG doses used ranged from 39
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mg/day to 856.8 mg/day. The longest treatment term was
24 weeks. Although the benefits of long-term GT intake
in overweight and obese subjects were demonstrated, the
authors did stress the necessity for further investigation into
the dose effect of EGCG on blood cholesterol levels. There
are a variety of mechanisms by which GT catechins reduce
lipid levels and, by extension, reduce the risk of CVD. In
animal studies, pure EGCG inhibited the production of
cytokines and the absorption of cholesterol, demonstrating
its anti-inflammatory properties®. Bioactive catechins
found in GT extract lowered serum cholesterol levels in
rats by blocking FAS and increasing AMPK activity>2. The
up-regulation of hepatic PPARa and aortic autophagy in
ApoE mutant mice provided more evidence for the role of
GT in lipid homeostasis™.

Finally, a human study has demonstrated that the
catechins present in GT decaffeinated extract can inhibit
oxidation of LDL, hence protecting against oxidative stress-
induced atherosclerosis®®. Both theaflavins (Figure 7 C)
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and catechins are responsible for green tea’s health benefits.
Micellar solubility and intestinal cholesterol absorption
are reduced, faecal fat and cholesterol excretion are
increased, hepatic cholesterol concentrations are lowered,
and LDL receptor?®,

2.6 Red Yeast Rice (Monascus purpueus)

An ancient Asian staple, Red Yeast Rice (RYR) has been
studied and refined as a nutraceutical for its potential to
improve a wide range of health parameters in humans.
It is fermented white rice, typically using Monascus
purpureus but sometimes occasionally using other related
yeasts™. Unsaturated fatty acids, phytosterols, tannins,
and polyketides are all found in RYR, in addition to
the pigments that give Monascus fungus their specific
colour®. Due to its biochemical composition, RYR
offers a number of health benefits, the most significant of
which is its effect on cholesterol levels, which in turn has
hypotensive, cardio-protective, and anti-diabetic effects®.
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Figure 7. Structure of catechin, epigallocatechin gallate and theaflavins.
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Monacolin K, the major polyketide in RYR, is a natural
analogue of lovastatin (Figure 8) and has a hypolipidemic
activity”’. Statins like monacolin K are selective inhibitors
of HMG-CoA reductase and thereby reduce cholesterol
biosynthesis in the liver®®. Dietary supplements based
on RYR, which were initially approved in China and
a few countries in Europe, typically include 5-10 mg of
monacolin K, and its impact on decreasing cholesterol
levels has been comprehensively proven in a meta-
analysis of clinical evidence published up to the year 2005.
Accordingto the findings of Liu and colleagues, there was a
notable reduction in total cholesterol, total fat,and LDL-C,
in addition to a good effect on HDL-C*®. When compared
to a control group that followed the Mediterranean diet, a
more recent multi-center, randomized clinical trial using
10 mg of monacolin K combined with 10 mg of coenzyme
Q10 (CoQ10) found a significant reduction in blood levels
of TC, total fat and LDL. Increases in HDL-C levels were
not significantly affected in any way®’. After 12 weeks of
treatment, patients with borderline-high, untreated LDL-C
who were given Monacolin K (3 mg, standardized in 200 mg
of RYR) showed a substantial reduction in LDL-C compared
to those given placebo®. In the same study, a saturated
mechanism of cholesterol-lowering was suggested as a
result of the fact that 53% of RYR-treated patients attained
the LDL-C threshold level of 4.14 mmol/L, and 51% of
them did so by the end of the study. In a clinical trial
that was randomized, double-blind, and controlled with
a placebo, a novel nutraceutical that contained 10 mg of
monacolin K (along with phytosterols, hydroxytyrosol,
and vitamin E) was shown to be beneficial and safe in the
treatment of low to moderate, untreated CVD risk. The
trial was carried out in patients who had not previously
received any treatment for their CVD risk®%.

There were notable reductions in both TC and LDL-C
(40 participants). Both the safety laboratory measurements
and the side effect profiles remained unchanged.
Patients with modest hypercholesteremic levels may
not need hypercholesteremic drug therapy if they take
RYR extract in combination with CoQ10, astaxanthin,
policosanol, berberine, and folic acid®’. Findings suggest
that monacolin K, an active component of RYR, could
be used as a safe and effective replacement for statins in
both untreated and statin-intolerant people. It has been
hypothesized that RYR is safe, with few musculoskeletal
side effects®.

It has been hypothesized that statin-induced muscle
injury is mediated in part by the depletion of meyalonate
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Figure 8. Chemical structure of monacolin K (lovastatin).

metabolites distal to HMG-CoA reductase, such as
intracellular isoprenoids and guanosine triphosphate-
binding regulatory proteins. Other monacolins may have
lipid-lowering effects or enhance those of monacolin K3%.

2.7 Grape (Vitis vinifera)

Grapes are widely used in traditional medicine and
as part of the Mediterranean diet. Grape seeds are a
rich source of the antioxidant polyphenols (including
flavonoids and non-flavonoids), anthocyanidins,
catechins, and phenolic acids®®. Grape Seed Extracts
(GSE) have been the subject of multiple meta-
analyses due to its hypolipidemic potential. Asbaghi
et al., analyzed data from 15 researches, including 825
participants over the course of 4-25 weeks®. Daily
doses of GSE ranged from 100 to 2000 mg for patients
with hyperlipidemia, hypertension, T2DM, CVD, and
other illnesses. Compared to controls, GSE dramatically
decreased fasting plasma glucose, CRP, TC, LDL-C, and
TG levels while having no effect on HDL-C®. Another
meta-analysis looked at the effects of several grape
products, including whole grape extract, grape juice, and
raisins, amongst others®. On the other hand, the vast
majority of them concentrated on GSE, and whole grape
extract were included®®.

Some of the processes by which grape chemicals
improved lipid status and atherosclerosis were
decreased absorption and increased faecal excretion
of lipids, which was mostly connected to the GSE, and
decreased atheromatous plaque in the first stages of
atherosclerosis®”®%. Studies on both animals and humans
have looked at the polyphenolic components of GSE,

whose antioxidant properties underline the importance
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of protecting LDL from oxidation in the fight against
atherosclerosis® 7!,

2.8 Olive (Olea europea)

Some of the aforementioned supplements contain
tyrosol, also known as hydroxytyrosol, which is derived
from olive leaf extract. Combining them with RYR
has shown promise as a therapy for hyperlipidemia in
clinical trials’>7*. By conducting a clinical trial with
61 participants, Lockyer et al., proved the efficacy of a
commercially available olive leaf extract product. There
was a considerable drop in LDL-C, TC, and TG levels
compared to the control group, but there was no change
in HDL-C. However, more clinical evidence of the lipid-
lowering advantages of the olive extract is required””.

The lipid-lowering effects of Olea europea are carried
by secondary metabolites called phenolic compounds.
The biophenol oleuropein and its hydrolysis products
tyrosol and hydroxytyrosol were found in the greatest
quantities in olive leaves (Figure 9 A-C)’%”7. Due to its
wide availability, fast absorption following oral treatment
(detected in human plasma after 23-93 minutes), and
elimination predominantly as conjugates of its metabolite
hydoxytyrosol, oleuropein was offered as a significant
pharmacological possibility”®7%.

Active components in olive leaf extract (oleuropein
and hydroxytyrosol) enhanced lipid profiles and reduced
body mass and subcutaneous fat accumulated by chronic

m Medicinal Herbs as an Alternative Treatment in the Management of Hyperlipidemia

oral exposure to the endocrine disruptor bisphenol A in
animal studies”®. Antioxidant efficiency in anti-atherogenic
pathways has been demonstrated in several animal
studies using oleuropein and its derivatives’®. Animals
fed a cholesterol-rich diet were given olive leaf extract
containing oleuropein, hydroxytyrosol, and oleuropein
aglycone, which increased serum anti-oxidative potential,
significantly restored hepatic antioxidant enzyme activities,
and decreased TBARS levels, which are markers of
polyunsaturated fatty acid peroxidation. Based on these
results, Olea europea has some serious preventative value
when it comes to metabolicillnesses and their consequences.
Well-specified phenolic compounds and their doses, from a
well-established source, in the formulation that would offer
their highest bioavailability are needed for developing more
reliable multicenter, placebo-controlled, randomized trials
on hyperlipidemia patients®®8!.

2.9 Gum Residue Guggulipid

The Commiphora mukul tree, which yields a gum resin,
has been used for centuries to manage weight problems
and cholesterol problems. It has been established that
the gum resin extract guggulipid lowers lipid levels in
both normal and hyperlipidemic animals (rats, rabbits,
and monkeys). Indian patients have been the subject of
numerous investigations examining the response of gum
resin gumsome to guggul therapy. One-eighth of patients
responded to guggulipid treatment in American trials,
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Figure 9. Chemical structures of (A). oleuropein aglycone, (B). hydroxytyrosol and (C). tyrosol.
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with LDL levels decreasing by higher than 5%. Results
from clinical trials may differ depending on participants’

racial/ethnic/genetic/dietary/lifestyle characteristics.3* %5

3. Conclusion

In conclusion, the findings of the research that was
conducted and reviewed on the effects of herbs used
for the prevention of and treatment of hyperlipidemia
illustrate the benefits as well as the drawbacks of using
alternative medicine. Herbal remedies are less likely to
cause unwanted effects and are safer than statin drugs.
Studies in humans showed no or mild adverse effects
even when the herbs were given in large quantities for
extended periods of time. This explains why more people
are interested in and willing to try herbal remedies.
Hyperlipidemia and related illnesses have made the quest
for herbal compounds with therapeutic benefits a top
research priority. Even though there has been growing
interest in using herbs to treat hyperlipidemia, existing
research is limited by the wide variety of people who
have been studied (healthy subjects, patients with T2DM,
hypertension and other CVD risks). Inconsistency in the
results of meta-analyses of the same plant can also be
attributed to factors such as the lack of standardization
of herbal products, a wide range of doses applied in
therapy, different dosage forms, and varying research
lengths. Healthcare providers may be able to prescribe
some promising herbs for treating hyperlipidemia if more
large-scale, randomized, placebo-controlled studies are
conducted.
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