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Corn silk extract improves cholesterol metabolism in C57BL/6J 
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BACKGROUNG/OBJECTIVES: Corn silk (CS) extract contains large amounts of maysin, which is a major flavonoid in CS. However, 
studies regarding the effect of CS extract on cholesterol metabolism is limited. Therefore, the purpose of this study was to 
determine the effect of CS extract on cholesterol metabolism in C57BL/6J mouse fed high-fat diets.
MATERIALS/METHODS: Normal-fat group fed 7% fat diet, high-fat (HF) group fed 25% fat diet, and high-fat with corn silk 
(HFCS) group were orally administered CS extract (100 mg/kg body weight) daily. Serum and hepatic levels of total lipids, 
triglycerides, and total cholesterol as well as serum free fatty acid, glucose, and insulin levels were determined. The mRNA 
expression levels of acyl-CoA: cholesterol acyltransferase (ACAT), cholesterol 7-alpha hydroxylase (CYP7A1), farnesoid X receptor 
(FXR), lecithin cholesterol acyltransferase (LCAT), low-density lipoprotein receptor, 3-hyroxy-3-methylglutaryl-coenzyme A reductase 
(HMG-CoA reductase), adiponectin, leptin, and tumor necrosis factor α were determined.
RESULTS: Oral administration of CS extract with HF improved serum glucose and insulin levels as well as attenuated HF-induced 
fatty liver. CS extracts significantly elevated mRNA expression levels of adipocytokines and reduced mRNA expression levels 
of HMG-CoA reductase, ACAT, and FXR. The mRNA expression levels of CYP7A1 and LCAT between the HF group and HFCS 
group were not statistically different.
CONCLUSIONS: CS extract supplementation with a high-fat diet improves levels of adipocytokine secretion and glucose homeostasis. 
CS extract is also effective in decreasing the regulatory pool of hepatic cholesterol, in line with decreased blood and hepatic 
levels of cholesterol though modulation of mRNA expression levels of HMG-CoA reductase, ACAT, and FXR.
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INTRODUCTION4)

Prolonged high-fat diet consumption causes increases in 
adipose tissue size and body weight. Enlarged adipose tissue 
secretes more leptin, tumor necrosis factor α (TNF-α), and less 
adiponectin [1]. Altered adipocytokines due to weight gain play 
an important role in lipid and cholesterol metabolism, with 
implications for diabetes and cardiovascular health [1,2]. 

Corn silk (CS), which is the yellowish thread-like strands from 
corn herbal hwabongwa (Zey mays L.), has been used as 
treatments for obesity, kidney-related diseases, neurodegenera-
tive diseases, and diabetes [3-13]. CS extract includes various 
bio-functional substances such as tartaric acid, isoquercitrin, 
allantoin, stigmasterol, hordenine, maysin, resin, cryptoxanthin, 
and anticyanins [14,15]. CS extract also contains large amounts 
of maysin, which is a major flavonoid in CS [16]. Maysin is a 
flavone glycoside containing luteolin, a biologically active 

compound, attached to a carbohydrate [17]. 
Domestic research on the bio-function of CS or maysin has 

investigated the relationships between CS and radiation-induced 
oxidative stress [12], neuroprotective effects [13], flavonoids 
[15], and adipogenesis [18,19], Until now, only corn germ extract 
from maize has received individual recognition as having 
bioactive Class 2 functionality associated with "skin- protection" 
from the Korea Food and Drug Administration. 

In studies regarding maysin or CS and lipid metabolism, CS 
water extract showed inhibitory effects against adipogenesis 
and lipids through regulation of CCAAT/enhancer binding 
protein α (C/EBPα) and Peroxisome proliferator activated receptor 
γ (PPARγ) expression [18,19]. However, studies on cholesterol 
metabolism and CS are limited. Therefore, the purpose of this 
study was to determine the effect of CS extract on cholesterol 
metabolism in C57BL/6J mice fed high-fat diets. In this study, 
we used C57BL/6J mice as an animal model. 
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Gene Primer sequence

ACAT F 5-GCT/GAA/GTG/AAC/TAC/CCC/TT-3

R 5-GAG/CCA/TGC/CTC/TAG/TAC/CT-3

Adiponectin F 5-GAT/AGG/TGC/AAC/TGT/CCT/GAC-3

R 5-GCA/CAT/GTA/CTA/CTG/GGA/CAT-3

CYP7A1 F 5-GGA/TCA/AGA/GCA/ACT/AAA/CAA/CCT-3

R 5-GCT/ATG/ATG/TCA/TCT/TTT/CGA/ATG-3

FXR F 5-TGA/GAA/CCC/ACA/GCA/TTT/CG-3

R 5-GCG/TGG/TGA/TGG/TTG/AAT/GTC-3

LCAT F 5-CCCACCAGCAGGATGAATACTAC-3

R 5-AGGCTATGCCCAATGAGGAA-3

Leptin F 5-GAA/TGC/AGC/AGG/CGT/GCA/CAG-3

R 5-GGA/TCT/CTA/GTA/CAG/CGT/AGC-3

LDL-R F 5-AGG/CTG/TGG/GCT/CCA/TAG/G-3

R 5-TGC/GGT/CCA/GGG/TCA/TCT-3

HMG-CoA reductase F 5-AAG/GTG/GTG/AGA/GAG/GTG/TTA/AAG-3

R 5-AAT/ACA/GTT/TGA/ACT/CCC/CAC/ATT-3

TNF-α F 5-TCT/TCT/CAA/AAT/TCG/AGT/GAC/AAG-3

R 5-GAG/AAC/CTG/GGA/GTA/GAC/AAG/GTA-3

GAPDH F 5-ATT/CCA/TGG/CAC/CGT/CAA/GGC-3

R 5-TCA/GGT/CCA/CCA/CTG/ACA/CGT-3

ACAT; acyl-CoA: cholesterol acyltransferase, CYP7A1; cholesterol 7-alpha hydro-
xylase, FXR; farnesoid X receptor, LCAT; lecithin cholesterol acyltransferase, LDL-R; 
low density lipoprotein receptor, HMG-CoA reductase; 3-hyroxy-3-methylglutaryl- 
coenzyme A reductase, TNF-α; tumor necrosis factor-α, GAPDH: glyceraldehyde 
3-phosphate dehydrogenase

Table 2. Primer sequences used for real-time polymerase chain reaction

Ingredients NF1) HF

Corn Starch 529.486 344.486

Casein 200 200

L-cysteine 3 3

Sucrose 100 100

Cellulose 50 50

Soybean oil 70 70

Lard 0 180

Mineral2) 35 35

Vitamin3) 10 10

Choline bitartrate 2.5 2.5

Cholesterol 0 5

tert-Butylhydroquinone 0.014 0.014

Corn silk extract 

Total amount 1,000 1,000

Total calories (Kcal) 3,948 4,873

Energy ratio (%) from carbohydrate 63.7 36.5

Energy ratio (%) from protein 20,3 16.4

Energy ratio (%) from fat 16.0 40.1

1) NF: normal-fat diet, HF: high-fat diet
2) Mineral mixture (per kg): Calcium carbonate anhydrous, 357 g; Potassium 

phosphate monobasic, 196 g; Potassium citrate tripotassium monohydrate, 70.78 
g; Potassium sulfate Sodium chloride, 74 g: Magnesium oxide, 24 g; Ferric citrate, 
6.06 g; Zinc carbonate, 1.65 g; Sodium meta-silicate, 1.45 g; Manganous carbonate,
0.63 g; Cupric carbonate, 0.30 g; Chromium potassium sulfate, 0.275 g; Boric 
acid, 81.5 mg; Sodium fluoride, 63.5 mg; Nickel carbonate, 31.8 mg; Lithium 
chloride, 17.4 mg; Sodium selenate anhydrous, 10.25 mg; Potassium iodate, 10.0 
mg; Ammonium paramolybdate, 6.66 mg; Powdered sucrose, 221.026 g

3) Vitamin mixture (per kg) : Nicotinic acid, 3.0 g; Ca Pantothenate, 1.6 g; Pyridoxine 
HCl 0.7 g; Thiamin HCl, 0.6 g; Riboflavin 0.6 g; Folic acid, 0.2 g; Biotin, 0.02 
g; Vitamin B12, 2.5 g; Vitamin E, 15.0 g; Vitamin A, 0.8g; Vitamin D3, 0.25 g;Vitamin 
K-1, 0.075 g; Powderedsucrose

Table 1. Compositions of experimental diets (g/kg)

MATERIALS AND METHODS

Animals and study design
Four-week-old male C57BL/6J mice (DaeHan Bio Link, Korea) 

were maintained on a conventional diet for 1 week and then 
divided into three groups using a randomized block design 
according to weight: normal-fat group (NF group, n = 10), 
high-fat group (HF group, n = 10), and high-fat CS group (HFCS, 
n = 10). It is well established that the C57BL/6 J mouse strain 
is susceptibile to weight gain and blood lipid parameters when 
fed a high-fat/ high-cholesterol diet, showing profound interac-
tions between dietary and genetic factors influencing athero-
genesis [20]. Rats were maintained in conditioned rooms 
(temperature, 23°C; relative humidity, 55%). All animal studies 
were conducted in accordance with the Dankook University 
ethics committee guidelines for the care and use of laboratory 
animals (Approve No: 15-025).

All rats were fed an AIN-93G diet [21] with modified fat 
contents for 8 weeks (Table 1). The NF group was fed 7% fat 
diet (as soybean oil, diet weight basis) while the HF group was 
fed 25% fat diet (7% soybean oil and 18% lard, including 0.5% 
cholesterol, diet weight basis). The HFCS group was fed 25 % 
fat diet (HF diet) and orally administered CS extract (100 mg/kg 
body weight) daily. To ensure the same experimental 
conditions, the NF group and HF group were provided the same 
amount of distilled water as the amount of CS extract. The CS 

extract contained 2,783.54 mg/100 g of maysin, and this was 
provided from the Rural Development Administration, National 
Institute of Crop Science. 

Sample preparations 
Blood was collected from the heart with a syringe. Serum 

from the blood was collected by centrifugation at 4,000 × g for 
30 min and then stored at - 70°C. The liver and epididymal 
fat pads were removed, and wet weights were measured. The 
samples of liver and epididymal fat were stored at - 70°C for 
gene mRNA expression analysis. 

Liver fat accumulation 
Liver fat accumulation was determined by H&E staining. 

Briefly, freshly cut liver sections from samples were fixed in 
buffered formalin. Following fixation, the liver was embedded 
in paraffin and 5-μm thick paraffin sections were stained with 
H&E solution (Sigma Aldrich, MO, USA). After stained samples 
were re-hydrated with xylene and a decreasing ethanol series, 
liver images were obtained using camera.

Serum analysis 
Total glucose, total lipids, triglycerides, total cholesterol, and 

free fatty acids in serum were determined using an auto blood 
analyzer (Roche, Germany). Serum insulin was determined by 
an ELISA kit (Molecular device, USA).

Liver lipid analysis 
Liver homogenates were extracted with chroloform: meth-

anol (2:1, v/v) using a modified method described by Folch 
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NF1) HF HFCS

Serum 

  Total lipid (mg/100 mL) 480.8 ± 56.32)b3) 574.6 ± 41.8a 485.5 ± 18.7b

  Triglyceride (mg/100 mL) 85.5 ± 3.2NS4) 81.2 ± 12.8 71.2 ± 16.7

  Total cholesterol (mg/100 mL) 156.5 ± 4.2b 201.2 ± 6.0a 183.8 ± 3.7b

  Free fatty acid (μEq/L) 1,369.5 ± 21.5NS 1,295.8 ± 150.3 1,199.6 ± 131.8

Liver (mg/g wet liver)

  Total lipid 61.7 ± 9.4b 151.5 ± 18.6a 142.7 ± 12.2a

  Triglyceride 38.0 ± 17.1c 128.9 ± 30.4a 79.7 ± 25.3b

  Total cholesterol 9.5 ± 1.5c 14.7 ± 1.2a 12.0 ± 2.6b

1) NF; Normal-fat diet, HF; High-fat diet, HFCS; High-fat diet + Corn silk extract (100 mg/kg body weight)
2) Mean ± SD
3) Different letters indicate significant differences among α = 0.05 by Duncan’s multiple range test. 
4) NS; Not significant

Table 5. Effect of Corn silk extract on serum and liver lipid profiles

Initial weight
(g)

Final weight
(g)

Weight gain
(g/8 weeks)

Diet intake
(g/8 weeks)

FER1)

NF2) 21.8 ± 1.03)NS4) 27.0 ± 2.1c5) 5.2 ± 1.4c 151.7 ± 9.7a 0.03 ± 0.01c

HF 21.8 ± 1.1 31.0 ± 2.4a 9.2 ± 1.9a 129.5 ± 10.4b 0.07 ± 0.01a

HFCS 21.6 ± 0.7 28.4 ± 1.7b 6.8 ± 1.4b 125.3 ± 12.9b 0.05 ± 0.01b

1) FER = body weight gain for experimental period/food intake for experimental period.
2) NF; Normal fat diet, HF; High-fat diet, HFCS; High-fat diet + Corn silk extract (100 mg/kg body weight)
3) Mean ± SD
4) NS; Not significant 
5) Different letters indicate significant differences among α = 0.05 by Duncan’s multiple range test. 

Table 3. Initial body weight, final body weight, weight gain, diet intake, and food efficiency ratio (FER) of mice fed experimental diet for 7 weeks.

Glucose (mg/100 mL) Insulin (ng/ml)

NF1) 104.3 ± 10.02)a3) 0.25 ± 0.06b

HF 105.2 ± 5.5a 0.54 ± 0.09a

HFCS 78.0 ± 21.1b 0.26 ± 0.06b

1) NF; Normal-fat diet, HF; High-fat diet, HFCS; High-fat diet + Corn silk extract 
(100 mg/kg body weight)

2) Mean ± SD
3) Different letters indicate significant differences among α = 0.05 by Duncan’s 

multiple range test. 

Table 4. Concentration of serum glucose and insulin

et al. [22]. Total lipids, triglycerides, and cholesterol in liver 
homogenates were determined by a previously published 
method [23].

Total RNA isolation, reverse transcription, and real-time PCR
In order to determine mRNA expression of genes related with 

cholesterol metabolism in the liver as well as adipose tissue 
(epididymal fat pad), total RNA isolation, reverse transcription, 
and real-time PCR were conducted using previously published 
methods [23]. Total liver or adipose tissue RNA was isolated 
using TRI-reagent (Sigma aldrich, MO, USA) according to the 
manufacturer’s protocol. cDNA was synthesized using 3 μg of 
total RNA with SuperScript II reverse transcriptase (Invitrogen, 
CA, USA). Real-time PCR was performed using the modified 
method recently described in detail [23]. The mRNA expression 
levels of acyl-CoA: cholesterol acyltransferase (ACAT), cholesterol 
7-alpha hydroxylase (CYP7A1), farnesoid X receptor (FXR), lecithin 
cholesterol acyltransferase (LCAT), low-density lipoprotein 
receptor (LDL-R), 3-hyroxy-3-methylglutaryl-CoA reductase 
(HMG-CoA reductase), adiponectin, leptin, and tumor necrosis 
factor-α (TNF-α) were determined. Forward/reverse primers for 
genes were described in Table 2. mRNA expression was 
analyzed with an Applied Biosystems StepOne Plus RT-PCR 
system (Applied biosystems, CA, USA). Fold difference of gene 
mRNA expression was calculated using the 2-ΔΔCT method with 
an endogenous control gene.

Statistical analysis
Statistical analysis was performed using Statistical Analysis 

System software (SAS Institute, Cary, NC, USA). Data were 
expressed as means with standard deviation, and statistically 

significant differences among groups were evaluated using one 
way-analysis of variance (AVOVA) test. Statistically significant 
differences among means of groups were tested at α = 0.05 
using Duncan's multiple range tests. 

RESULTS

Effects of CS extract on weights and dietary intakes 
The initial body weights of the three groups were similar, 

but final body weight of the HFCS group (28.4 ± 1.7 g) was 
significantly higher than that of the NF group (27.0 ± 2.1 g, P
< 0.05) and significantly lower than that of the HF group (31.0
± 2.4 g, P < 0.05, Table 3). Mean food intakes in both the HF 

and HFCS groups were lower, but the food efficiency ratio (FER) 
was significantly lower in the HFCS group than in the HF group 
(P < 0.05).

Effects of CS extract on serum glucose and insulin levels
As shown in Table 4, serum glucose level in the HFCS group 

(78.0 ± 21.1 mg /100 mL) was significantly lower than that in 
the NF group (104.3 ± 10.0 mg /100 mL) or HF group (105.2
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Fig. 1. Effect of Corn silk extract on lipid deposition in the liver

Fig. 2. Effect of Corn silk extract on mRNA expression of adipocytokines in adipose tissue of mouse fed high-fat diet. Total RNA was isolated using TRI-reagent and cDNA 
was synthesized using 3 µg of total RNA with SuperScriptⅡ reverse transcriptase. Real-time PCR was performed using SYBR green and standard procedures to assess mRNA expression
of primer in adipose tissue (epididymal fat pad) samples obtained from each group. An Applied Biosystem StepOne softwere v2.1 was used. Each bar represents the mean ± S.D, and 
different letters above each bar indicate significant differences among groups at α = o.o5 as determined by Duncan's multiple range test. TNF-α; tumor necrosis factor-α.

Fig. 3. Effect of Corn silk extract on mRNA expression of enzymes related to cholesterol metabolism in livers of mice fed high-fat diet. Total RNA was isolated using 
TRI-reagent, and cDNA was synthesized using 3 µg of total RNA with SuperScriptⅡ reverse transcriptase. Real-time PCR was performed using SYBR green and standard procedures 
to assess mRNA expression of primer in liver samples obtained from each group. An Applied Biosystem StepOne softwere v2.1 was used. Each bar represents the mean ± S.D, and 
different letters above each bar indicate significant differences among groups at α = o.o5 as determined by Duncan's multiple range test. ACAT; acyl-CoA: cholesterol acyltransferase, 
CYP7A1; cholesterol 7-alpha hydroxylase, FXR; farnesoid X receptor, LCAT; lecithin cholesterol acyltransferase, LDL-R; low density lipoprotein receptor, HMG-CoA reductase; 
3-hyroxy-3-methylglutaryl-coenzyme A reductase.

± 5.5 mg /100 mL). No significant difference in serum insulin 
level was observed between the HFCS group (0.26 ± 0.06 
mg/mL) and NF group (0.25 ± 0.06 mg/mL), but a significant 
difference was observed compared to the HF group (0.54 ± 0.09 
mg/mL).

Effects of CS extract on serum and liver lipid profiles
The total serum lipid and total cholesterol levels in the HFCS 

group were significantly lower than those in the HF group, 
respectively (485.5 ± 18.7 mg /100 mL vs. 574.6 ± 41.8 mg /100 
mL in total lipid, P < 0.05, and 183.8 ± 3.7 mg / 100 mL vs. 201.2
± 6.0 mg /100 mL in total cholesterol, P < 0.05, Table 5). The 

serum concentrations of triglycerides and free fatty acids in the 
HFCS group were lower compared to those in the HF group, 
but the difference was not significant. The liver triglyceride and 
total cholesterol concentrations in the HFCS group were 
significantly lower than those in the HF group, respectively (79.7
± 25.3 mg/g wet liver vs. 128.9 ± 30.4 mg/g wet liver for 

triglycerides, P < 0.05, and 12.0 ± 2.6 mg/g wet liver vs. 14.7 ± 
1.2 mg/g wet liver in total cholesterol, P < 0.05).

Effects of CS extract on liver fat accumulation in mice livers 
H&E staining showed an increase in fat droplets in rat livers 

after HF diet feeding. Fat droplets decreased in size after CS 

extract supplementation, in comparison to HF diet only (Fig. 1).

Effects of CS on mRNA expression of adipocytokines 
The mRNA expression of adipocytokines in adipose tissue is 

shown in Fig. 2. The mRNA expression of adiponectin in the 
HF group decreased significantly (P < 0.05), whereas it increased 
upon consumption of CS extract up to a level similar to that 
in the NF group. The mRNA expression of leptin in the HF group 
significantly increased (P < 0.05), whereas it was reduced upon 
consumption of CS extract. The mRNA expression of TNF-α was 
not affected according to experimental treatment.
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mRNA expression of genes related to cholesterol metabolism
The mRNA expression levels of all genes related to cholesterol 

metabolism in the HF group were significantly higher compared 
to those in the NF group (P < 0.05, Fig. 3). The mRNA expression 
levels of hepatic ACAT, FXR, and HMG-CoA reductase in the 
HFCS group were significantly reduced compared to those in 
the HF group (P < 0.05). However, mRNA expression levels of 
hepatic CYP7A1, LCAT, and LDL-R between the HF group and 
HFCS group were not statistically different. 

DISCUSSION

Hepatic cholesterol metabolism, which is directly related to 
obesity, is an important physiological process in lipid metabolic 
disorders [24]. At present, the cholesterol-lowering effect of CS 
extract and its related gene expression have not been studied. 
Thus, the purpose of this study was to investigate whether or 
not CS extract has a protective effect against high-fat-induced 
cholesterol metabolism in rats.

We observed a significant increase in weight gain and fat 
content of the liver in the HF group, whereas oral administration 
of CS extract with high-fat diet for 8 weeks caused weight loss 
and attenuated high-fat-induced fatty liver, in addition to 
improvement of serum glucose and insulin levels. The reduced 
mRNA expression of adiponectin and increased mRNA expression 
of leptin due to prolonged HF feeding were also attenuated 
by CS extract consumption.

In general, decreasing body weight and fat mass has been 
reported to improve insulin sensitivity [1]. Several adipocytokines, 
including leptin and adiponectin secreted from adipocytes, are 
reported to regulate insulin resistance and lipid metabolism 
[25-27]. Adiponectin was shown to increase fatty acid combus-
tion and energy consumption, in part via PPARα activation [28] 
or through activation of AMP-activated protein kinase (AMPK) 
[26], leading to decreased fat content in the liver and thereby 
direct regulation of glucose metabolism and insulin sensitivity. 
Based on those studies, it can be suggested that CS extract 
caused weight loss and improved blood levels of glucose and 
insulin through increased mRNA expression of adiponectin.

Cholesterol metabolism is controlled by synthesis and excretion 
in the body. This study showed that CS extract inhibits 
cholesterol synthesis through modulation of mRNA expression 
levels of HMG-CoA reductase, ACAT, and FXR in line with 
changes in cholesterol levels observed in the serum and liver. 
Both HMG-CoA reductase and ACAT are rate-controlling enzymes 
of cholesterol synthesis [29]. HMG-CoA reductase catalyzes 
conversion of HMG-CoA to mevalonate, the precursor of isop-
renoid groups incorporated into many end products such as 
cholesterol [28]. ACAT catalyzes esterification of free cholesterol 
into cholesterol ester (CE), which is a major source of very 
low-density lipoprotein (VLDL) and LDL formation [30]. 

HMG-CoA reductase inhibitors have been shown to lower 
plasma LDL cholesterol through one or a combination of the 
following mechanisms: (1) enhanced LDL catabolism by 
up-regulation of hepatic LDL receptor or (2) reduced production 
of apoprotein B (apo B), which is the primary component of 
VLDL and LDL particles [31-33]. The HMG-CoA reductase 
inhibitor, atorvastatin, inhibits cholesterol biosynthesis in vivo, 

reducing both VLDL and LDL concentrations, primarily by 
decreasing apo B secretion into plasma [32,33]. The results of 
these above studies are consistent with this study. Thus, it can 
be suggested that reduced mRNA expression of HMG-CoA 
reductase and ACAT in the HFCS group led to blocked cholesterol 
synthesis in the body and reduction of cholesteryl ester for 
incorporation into VLDL, with consequent reduction in the 
availability of hepatic cholesterol for lipoprotein synthesis [34]. 

This study demonstrated reduced mRNA expression of FXR 
as well as depleted CYP7A1 in the HFCS group compared to 
the HF group, although the difference was not statistically 
significant. FXR is a member of the nuclear receptor superfamily 
of ligand-regulated transcription factors that regulates bile acid 
synthesis, a major form of cholesterol excretion, through 
transcriptional regulation of CYP7A1, the rate-limiting enzyme 
in the classic bile acid biosynthetic pathway [35,36]. Thus, the 
result of this study suggest that decreased blood and liver 
cholesterol levels in the HFCS group are not related with 
cholesterol excretion since mRNA expression of FXR and CYP7A1 
was depleted in the HFCS group compared to the HF group.

In conclusion, CS extract supplementation with high-fat diet 
improves adipocytokine secretion due to weight loss, glucose 
homeostasis, as well as reduced blood and hepatic levels of 
cholesterol. Decreased synthesis of cholesterol through down- 
regulation of hepatic mRNA expression of HMG-CoA reductase 
and ACAT as well as mRNA expression of FXR is responsible 
for the blood cholesterol-lowering effects of CS extract. Thus, 
the demonstrated effects of CS extracts on cholesterol synthesis 
are thought to improve serum cholesterol levels and decrease 
risk of cardiovascular-related diseases. 
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