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Objectives: The present search aimed to investigate the effect of dandelion seeds extract to reduce hyper-
cholesterolemia and its hazardous effects on liver.
Methods: Forty male albino mice were divided into 4 groups, 10 mice per each, the first was the
untreated control, the second treated with 400 mg/kg dandelion seed extract, the third treated with
5 mg/kg of cholesterol powder dissolved in oil and the fourth treated with cholesterol and dandelion
extract.
Results: It was showed that dandelion seeds extract reduced the weight of the mice. Cholesterol treat-
ment resulted in highly significant increase of liver enzymes activities, total cholesterol, how-density
lipoprotein (HDL) and low-density lipoprotein (LDL) of serum besides to pathological changes as steato-
sis, inflammation, fibrosis and high pathological score in the liver. Dandelion seeds extraction treatment
resulted in marked decrease of liver enzymes activities total cholesterol, HDL and LDL of serum, in addi-
tion to hepatic tissue improvement with less steatosis, inflammation, fibrosis and lowered pathological
score.
Conclusion: Dandelion seeds extract could reduce hypercholesterolemia in swiss albino mice.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Cholesterol is a molecule with polar head and a non polar side
chain called amphipathic. It is found in the cells and blood of all
animals which considered the main component of cell membrane
and steroid hormones (Adekiya et al., 2018). The increasing of
low density lipoprotein cholesterol levels in the plasma leads to
metabolic disorder known as hypercholesterolemia (Mu et al.,
2017). Elevation of blood cholesterol levels contributes in several
diseases as heart attacks, atherosclerosis, kidney failure and steato-
sis (Hassan et al., 2011). Consumption of high-fat and high-
cholesterol food besides to bad lifestyles lead to hypercholes-
terolemia and also may be to insulin resistance (IR) resulted in dia-
betes mellitus with its complications (Munshi et al., 2014; Han
et al., 2018). In humans, high-fat diets commonly induced hyperc-
holesterolemia in addition to physiological disorders as LDL-
cholesterol receptors deficiencies. Hypercholesterolemia infinitely
affects the liver inducing hazardous effects such as steatosis, fibro-
sis and portal hypertension (Musial et al., 2013). Chemical drugs
were widely used as antihyperlipidemic medicines in markets.
Whereas, accumulative studies reported that side effects of lipid
-lowering medicines considered a problematic issue (Jiang et al.,
2018). For example, it was found that atorvastatin which is a well
known treatment caused increasing of the gut microbiota diversity
(Khan et al., 2018).

Nowadays, concept of ‘‘functional food” are holding a great
interest of consumers and scientists such as vegetables, fruits
and herbs contain bioactive ingredients (Sakr and Dawood, 2016;
Ji et al., 2019). Botanical medicine is a wide range method in the
world. Herbs not only used for nutrition purposes but also for
medicinal treatments (Shaito et al., 2020). Dandelion (Taraxacum
officinale) is a famous herb belonged to Asteraceae family located
in zones with warm temperature. Dandelion possesses phyto-
chemical and bioactive compounds such as lactones, polysaccha-
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Table 1
Showing the initial weight, final weight and liver index in control and experimental
groups.

Groups Initial weight Final weight Liver index

Control 35 ± 0.3 36 ± 0.3 7 ± 0.03
Dandelion 35 ± 0.2 25 ± 0.3*a 7 ± 0.03
Cholesterol 34 ± 0.4 37 ± 0.4 7 ± 0.03
Dandelion + cholesterol 34 ± 0.1 31 ± 0.1 6 ± 0.01

Data = mean ± SEM.
*a P � 0.05 significant against initial weight.
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rides, terpenoids and phenolic compounds (Hamza et al., 2020).
Additionally, dandelion considered a natural source of minerals
as iron, potassium, zinc and calcium besides to fibers and vitamins
as B complex and C (Arafa et al., 2010). Dandelion gained a marked
interest because of its impacted effects as antioxidant, anti-
inflammatory and anti-fibrotic agent (Ouarda et al., 2014;
Devaraj, 2016). In folk medicines of India and China dandelion
was used to treat respiratory system infections, inflammation, ane-
mia and blood purification (Modaresi and Resalatpour, 2012).

Based on the previous data the present study was designed to
investigate the effect of dandelion seeds extract to ameliorate the
hypercholesterolemia in the blood and steatosis in the liver
induced by cholesterol intake in swiss albino mice.

2. Materials and methods

2.1. Preparation of dandelion seeds extract

Seeds grinded into very fine powder then mixed with methanol
solvent (1:10), the mixture left on shaker overnight. The mixture
subjected to filtration for the first time, the filtrate kept in the
refrigerator and the remain powder mixed with solvent again
and left overnight. It subjected to filtration for second time to make
sure that at all the components were filtrated. Both the two fil-
trates were combined and subjected to lyophilization and convert
it from liquid to powder.

2.2. Animal study

Forty male mice obtained from King Saud University animal
house, weighed 30 ± 5 g, aged 14 weeks, kept in cages and fed
on normal commercial diet for 1 week for adaptation. After that
mice were divided randomly into 4 groups, 10 mice per each.
The 1st group served as untreated control group, the 2nd group
treated daily with oral injection of 400 mg/kg of dandelion seeds
extract, the 3rd group treated daily with oral injection of 5 mg/
kg of cholesterol powder (Sigma) dissolved in Sesame oil and the
4th group received the same dose of 3rd group and treated daily
with oral injection of 400 mg/kg of dandelion seeds extract. Exper-
iment was lasted for 4 weeks and all animals were sacrificed at the
end of experiment under anesthesia by carbon dioxide flow.

2.3. Weights and liver index

Mice were weighed at the beginning and the end of the exper-
iment to obtain initial and final weights. After sacrificing liver of
each mice was weighed and divided on the final body weight mul-
tiplied by 100 to get liver index.

2.4. Biochemical analysis

Blood samples were collected by heart puncture and drawn in
centrifuge tubes then centrifuged at 3000g. Sera were collected
and kept in �20 �C for assays. Sera were subjected to estimation
of liver enzymes activities (ALT, AST and ALP), total cholesterol,
HDL and LDL using commercial kits (Biosystem-Spain).

2.5. Histopathological analysis and liver pathological score

Mice livers of the all experimental groups were fixed in 10%
neutral buffered formalin. Fixed livers dehydrated by ethanol alco-
hol, cleared by xylene and embedded in wax. Blocks were sec-
tioned at 6 lm thickness. Sections were dried, rehydrated by
ethanol and stained by Hematoxylin and Eosin (Bancroft and
Gamble, 2008), other sections stained by Masson’s trichrome for
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fibrosis detection (Suvik and Effendy, 2012). Pathological score
was graded according to (Bedossa et al., 2012). Criteria as follow-
ing: Ballooning, 0 = normal, 1 = some cells showed enlargement
and swelling, 2 = most of cells showed enlargement and swelling;
inflammation, 0 = non, 1 � 2 foci, 2 > 2 foci; fibrosis, 0 = non, 1 =
portal/parenchymal, 2 = interlobular, 3 = both; steatosis, 0 = non,
1 =micro-vesicular steatosis, 2 =macro-vesicular steatosis, 3 = both.
Examination was carried out on 40� for 10 field.

2.6. Statistical analysis

The data will be expressed as mean ± SEM (standard error of the
mean). Statistical significance of the control and experimental
groups will be evaluated by SPSS v.16 software program (SPSS
Inc., Chicago, Illinois, USA). Comparison will be done between con-
trol and experimental groups by ANOVA, p � 0.05 will be consid-
ered to be significant.

3. Results

3.1. Dandelion seeds extract decreased the final weight

As shown in (Table 1) mice group treated with dandelion seeds
extract showed significant decrease compared to the initial weight.
Whereas, the group treated with cholesterol revealed insignificant
increase of the final weight compared to initial weight. Moreover,
the group treated with cholesterol and dandelion seeds extract dis-
played insignificant decrease of final weight compared to initial
weight. Liver index showed no significant change in the experi-
mental groups compared to control group. The results illustrated
that dandelion extract could decrease the weight as it used only
or with that treated with cholesterol.

3.2. Dandelion seeds extract ameliorated the liver enzymes elevated by
cholesterol

Dandelion seeds extract treatment showed no significant
change in liver enzymes activities compared to control group.
While, cholesterol treatment induced highly significant increase
of liver enzymes activities compared to control group. Further-
more, dandelion seeds extract treatment with cholesterol resulted
in significant decrease of liver enzymes activities compared to
cholesterol treatment only (Table 2).

3.3. Dandelion seeds extract reduced cholesterol levels increased by
cholesterol treatment

Mice group treated with dandelion seeds extract revealed no
significant change in cholesterol, HDL and LDL levels compared
to control group. Additionally, the group treated with cholesterol
showed highly significant increase of cholesterol, HDL and LDL
levels compared to control group, it was found that LDL level
highly elevated compared to HDL. Moreover, the group treated
with dandelion seeds extract and cholesterol showed significant



Table 2
Showing the liver enzymes activities (U/L) in control and experimental groups.

Groups ALT AST ALP

Control 31 ± 0.8 200 ± 0.3 137 ± 0.3
Dandelion 35 ± 0.4 202 ± 0.3 138 ± 0.3
Cholesterol 70 ± 0.1*a 271 ± 0.5*a 202 ± 0.5*a

Dandelion + cholesterol 38 ± 0.9*b 229 ± 0.3*a,b 148 ± 0.4*b

Data = mean ± SEM.
*a P � 0.05 significant against control group.
*b P � 0.05 significant against cholesterol group.
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decrease of total cholesterol level, whereas HDL revealed insignif-
icant increased level and LDL showed significant decreased level
compared to cholesterol treated group (Table 3).

3.4. Dandelion seeds extract reduced steatosis, inflammation and
fibrosis cholesterol- induced

Control and dandelion seeds extract mice liver showed normal
hepatic structure without any pathological signs (Fig. 1A and B).
Mice liver treated with cholesterol posted severe pathological
changes represented by dilatation, congestion of vein that sur-
Fig. 1. The effect of dandelion seeds extract on pathological changes cholesterol-induce
structure (B) treated with 400 mg/kg dandelion seeds extract showing normal structu
steatosis (black arrows), pyknotic nucleus (green arrow) (D) treated with 5 mg/kg choles
(black arrow). (H&E-400�).

Table 3
Displaying cholesterol levels, HDL and LDL (mg/dl) of experimental groups.

Groups Cholesterol HDL LDL

Control 85 ± 0.5 62 ± 0.4 24 ± 0.2
Dandelion 89 ± 0.9 61 ± 0.5 22 ± 0.6
Cholesterol 170 ± 0.1*a 82 ± 0.2*a 112 ± 0.3*a

Dandelion + cholesterol 142 ± 0.5*a,b 85 ± 0.5*a 80 ± 0.3*a,b

Data = mean ± SEM.
*aP � 0.05 significant against control group.
*bP � 0.05 significant against cholesterol group.
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rounded by infiltrative cells and pyknotic nuclei of hepatocytes
besides to marked micro and macro-vesicular steatosis (Fig. 1C).
Hepatic tissue of mice treated with dandelion seeds extract and
cholesterol displayed marked improvement manifested by healthy
vein and hepatocytes and less micro-vesicular steatosis (Fig. 1D).

Control and dandelion seeds extract mice liver Masson’s tri-
chrome stained revealed no fibrosis (Fig. 2A and B). Whereas, liver
mice treated with cholesterol posted precipitation of collagenous
fibers with inflammatory cells (Fig. 2C). Furthermore, mice liver
treated with dandelion seeds extract and cholesterol indicated less
fibrotic foci with a few number of inflammatory cells (Fig. 2D).
3.5. Dandelion seeds extract lowered pathological score increased due
to cholesterol treatment

Control and dandelion seeds extract mice liver scored 0 due to
no pathological alterations. liver mice treated with cholesterol
showed high pathological grade scored 10 attributed to ballooning
of the most hepatocytes, heavy incidence of inflammation, portal
and interlobular fibrosis with large areas and massive incidence
of micro and macro-vesicular steatosis. Additionally, mice liver
treated with dandelion seeds extract and cholesterol displayed
lowered pathological grade scored 4 referring to reduction of
pathological signs (Table 4).
4. Discussion

The present study findings indicated that cholesterol treatment
resulted in insignificant increase of the final weight that coincided
with Choi et al., results that high-cholesterol diet leading to hyper-
cholesterolemia resulted in insignificant increase of the final
weight compared to initial weight (Choi et al., 2010). Additionally,
the present work referred to the effect of dandelion seeds extract
d in liver. Photomicrographs of mice liver (A) control liver showing normal hepatic
re (C) treated with 5 mg/kg of cholesterol displaying dilated and congested vein,
terol and 400 mg/kg dandelion seeds extract posting small micro-vesicular steatosis



Fig. 2. The effect of dandelion seeds extract to reduce the fibrosis and inflammation cholesterol-induced in liver. Photomicrographs of mice liver (A) control liver showing no
fibrosis (B) treated with 400 mg/kg dandelion seeds extract showing no fibrosis (C) treated with 5 mg/kg of cholesterol displaying accumulation of collagenous fibers (black
arrows), inflammatory cells (I) (D) treated with 5 mg/kg cholesterol and 400 mg/kg dandelion seeds extract posting small foci of fibrosis with a few number of inflammatory
cells (black arrow). (M.Tr-400�).

Table 4
Liver pathological scoring system in experimental groups.

Groups Ballooning Inflammation Fibrosis Steatosis Total

Control 0 0 0 0 0
Dandelion 0 0 0 0 0
Cholesterol 2 2 3 3 10
Dandelion + cholesterol 1 1 1 1 4
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to decrease the weight of mice without or with cholesterol
treatment.

High-fat and high-cholesterol diets induced hypercholes-
terolemia resulted in elevation of liver biomarkers. Furthermore,
treatment with high-cholesterol diet resulted in highly increase
of ALT, AST and ALP activity levels in the blood plasma that consid-
ered a marked sign for hepatic injury (Wang et al., 2010; Adekiya
et al., 2018). The current study declared that cholesterol treatment
highly raised the liver enzymes activities that cytosolic enzymes as
ALT, AST and ALP drawn in the circulatory blood due to damage of
hepatocytes lead to elevation of enzymes activities levels in the
plasma. On the other hand, several studies indicated the effect of
dandelion extract to reduce the liver biomarkers elevated by CCl4
(Al-malki et al., 2013; Dawood et al., 2014), and also by heavy met-
als as lead (Ouarda et al., 2014). The present study referred to the
regulated effect of dandelion seeds extract to decrease the liver
enzymes activities that raised due to cholesterol treatment.

High-cholesterol diets lead to hypercholesterolemia considered
the main factor to raise the total cholesterol, HDL and LDL in the
plasma (Choi et al., 2010; Sakr and Dawood, 2016; Paim et al.,
2017). Accordingly, treatment with cholesterol in oil induced
highly raising of total cholesterol level in the serum. Other studies
posted that dandelion extracts of leaves and roots positively
reduced the cholesterol level in rabbit fed on cholesterol diet
(Choi et al., 2010) and also in mice fed an atherogenic diets (Kim
4

et al., 2014). Interestingly, it was found that elevation of HDL cor-
related with lowering of LDL which considered an essential role in
lipid metabolism by transferring cholesterol ester from HDL to LDL
(Kaabia et al., 2018). The present work displayed that dandelion
seeds extract have significantly decreased the level of total choles-
terol, HDL and LDL in the serum that increased due to cholesterol
treatment, which agreed with Choi et al. who declared that dande-
lion extract lowered the lipid profiles in rabbits fed on cholesterol
and then protect against atherosclerosis (Choi et al., 2010). Recent
study showed that dandelion fractions could improve the lipid pro-
file to decrease TG and total cholesterol. It was suggested to reduce
the production of cyclooxygenase and cause vasodilation and then
modify the blood pressure and heart rate (Majewski et al., 2020).
Meanwhile, more recent study displayed that aqueous extract of
dandelion actually lowered the lipid profile that might be due to
the increasing of the activation of adenosine monophosphate lead-
ing to decreasing of lipids accumulation in the liver (Ikram et al.,
2021).

The liver is the main organ considered with the maintenance of
cholesterol and affected extremely by increasing cholesterol. The
present work posted marked pathological changes in the liver
due to cholesterol treatment as severe steatosis, inflammation
and also fibrosis with raised pathological scoring system as a result
of hazardous signs. These findings accompanied with other previ-
ous studies declared that high-cholesterol diets resulted in accu-
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mulation of lipid droplets in the hepatocytes (Paim et al., 2017) and
inflammation (Sadeghipour et al., 2014; Sakr and Dawood, 2016).
Moreover, the current results showed decreasing of steatosis,
inflammation and fibrosis leading to highly decrease of pathologi-
cal score in liver as dandelion seeds extract combined with choles-
terol treatment.

5. Conclusion

The present work postulated that hypercholesterolemia raised
the liver enzymes activities, total cholesterol, LDL and HDL. Addi-
tionally, hypercholesterolemia caused steatosis, inflammation
and fibrosis in the liver. Dandelion seeds extract could reduce the
pathophysiological parameters that elevated by cholesterol and
also ameliorated steatosis, inflammation and fibrosis.
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