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แหลงที่มา
- ไดจากอาหารที่มาจากสัตว
- สังเคราะหใหมภายในเซลล (de novo)
- การสังเคราะหและการกําจัดตองควบคุมให
เหมาะสม ปองกันการสะสมมากเกินพอ
- การตกคางของคอเลสเตอรอลผิดปกติในหลอด
เลือดเลี้ยงหัวใจทําใหเกิดหลอดเลือดแข็งตัว
เปนปจจัยหลักในการเกิดโรคหลอดเลือดหัวใจ
(CVD)

- เปน sterol ที่มีความสําคัญมากทางชีวภาพ
- เปนโครงสรางของเยื่อหุมเซลล ชวยรักษา
stability และ permeability
- เปน precursor ของ steroid hormones
(ฮอรโมนเพศและฮอรโมนตอมหมวกไต)
- เปน precursor ของกรดน้ําดีในการยอยและดูด
ซึมลิพิด

ภาพรวมเมแทบอลิซึมของคอเลสเตอรอล
- การขนสงคอเลสเตอรอลเกิดในสวนของ
plasma lipoprotein
- การขนสงคอเลสเตอรอลจากอาหารไปยัง
เนื้อเยื่อ อยูในรูปของ chylomicrons แลวตาม
ดวย very low density lipoproteins (VLDLs)
- ขั้นตอนตอไป ดูภาพหนาถัดไป
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การสังเคราะหคอเลสเตอรอล
- มากกวาครึ่งหนึ่งของคอเลสเตอรอลในรางกาย
สังเคราะหขึ้นใหม สวนที่เหลือดูดซึมมาจาก
อาหาร
- การสังเคราะหสวนมากเกิดขึ้นที่ตับและลําไส
เล็ก แตก็เกิดขึ้นทุก ๆ เซลลที่มีนิวเคลียส
รวมทั้งผิวหนัง, adrenal cortex และ gonads
(ovary, testis)

- คอเลสเตอรอลไดจากอาหารวันละประมาณ 0.5
กรัม ไดจากการสังเคราะห 1 กรัม
- เอนไซมในการสังเคราะห อยูนอกไมโตคอน
เดรีย เกิดขึ้นในไซโตซอล โดยมี smooth
endoplasmic reticulum เกี่ยวของ
- ใช acetyl-CoA เปนสารตั้งตน
- ใช mevalonate และ squalene เปนสาร
ตัวกลางหลักในการสังเคราะห

2

Postprandial Lipoprotein Metabolism
เมแทบอลิซึมของไลโพโปรตีนหลังมื้ออาหาร
- การกินอาหารทําใหมี influx ของ triacylglycerol และ
cholesterol เขาสู plasma ในรูปของ chylomicrons
- Triacylglycerols ใน chylomicrons จะถูก
hydrolyzed เนื้อเยื่อตาง ๆ จะดูดซึมกรดไขมัน และ
chylomicron remnants จะถูกดึงกลับโดยตับ
- ตับก็สราง triacylglycerols ดวยและปลอยกลับเขาสู
plasma ในรูป VLDL

- ความเขมขนและสัดสวนของ plasma lipoproteins
หลังจากอดอาหาร 1 คืน (16 ชม.) มักจะใชเปน
baseline (ขอมูลฐาน) สําหรับปริมาณลิพิดในเลือด
- สัดสวนและประเภทของไขมันและคารโบไฮเดรตใน
อาหารสงผลกระทบตอระดับลิพิดในพลาสมาหลังมื้อ
อาหาร
- ผลกระทบของมื้ออาหารปกติ (1 ใน 3 ของความ
ตองการพลังงาน) สามารถสังเกตได 9-12 ชม.หลังมื้อ
อาหาร โดยดูการเปลี่ยนแปลงของความเขมขนลิพิดใน
พลาสมาเทียบกับ fasting baseline

รายงานการตรวจสุขภาพ
TG (triglyceride) มีคาปกติไมเกิน 150 เมื่ออด
อาหารไปเจาะเลือดตรวจ จะขึ้นสูงหลังกิน
อาหาร และกลับสูสภาวะปกติหลังจาก 6-12
ชม.
HDL ไมมีคาปกติ มีแตคาแนะนําคือ ชาย > 40
หญิง > 50 mg/dL เพื่อลดความเสี่ยงโรคหัวใจ
LDL คาแนะนํา ไมควรสูงกวา 130
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• ตัวอยาง เพศชาย
Cholesterol 211 (ปกติ <200)
HDL 45 (ปกติ >40)
LDL 154 (ปกติ <130)
Triglyceride 65 (ปกติ < 150)

Paper 4
Cranberry anthocyanin as an herbal
medicine lowers plasma cholesterol by
increasing excretion of fecal sterols.
แอนโทไซยานินจากแครนเบอรรีเปนสมุนไพรลด
คอเลสเตอรอลในพลาสมาโดยการเพิ่มการ
ขับถายสเตอรอล

4

Phytomedicine 38 (2018) 98–106

Contents lists available at ScienceDirect

Phytomedicine
journal homepage: www.elsevier.com/locate/phymed

Cranberry anthocyanin as an herbal medicine lowers plasma cholesterol by
increasing excretion of fecal sterols

T

Wang Lijuna,b, Zhu Hanyueb, Zhao Yiminb, Jiao Ruic, Lei Lind, Chen Jingnane, Wang Xiaobob,
Zhang Zhengnanb, Huang Yub, Wang Tiejiea, Chen Zhen-Yub,*
a

Shenzhen Institute for Drug Control, Shenzhen, China
School of Life Sciences, Chinese University of Hong Kong, Shatin, Hong Kong, China
c
Department of Food Science and Engineering, Jinan University, Guangzhou, China
d
College of Food Science, Southwest University of China, Chongqing, China
e
Lipids Technology and Engineering, College of Food Science and Technology, Henan University of Technology, Zhengzhou, Henan, China
b

A R T I C L E I N F O

A B S T R A C T

Keywords:
Anthocyanins
Cholesterol
Sterol
Hypercholesterolemia

Background: Interest in using herbal medicines to treat the hypercholesterolemia is increasing. Cranberry extract
could decrease plasma cholesterol, however, the active ingredients and the underlying mechanisms remain
largely unknown.
Hypothesis: The present study was to test the hypothesis that cranberry anthocyanins (CrA) were at least one of
the active ingredients responsible for the cholesterol-lowering activity of cranberry fruits via a mechanism of
increasing fecal sterol excretion.
Methods: Forty-four hamsters were randomly divided into ﬁve groups and fed one of the ﬁve diets, namely a
non-cholesterol control diet (NCD), a high-cholesterol control diet (HCD), a HCD diet supplemented with a low
dose of 1% CrA (CL), a HCD diet supplemented with a high dose of 2% CrA (CH), and a HCD diet supplemented
with 0.5% cholestyramine as a positive control drug (P-CTL), respectively, for six weeks. Plasma lipoprotein
cholesterol was quantiﬁed using the enzymatic kits, while the gene expressions of transporters, enzymes and
receptors involved in cholesterol absorption and metabolism were quantiﬁed using the quantitative RT-PCR.
Fecal sterols were quantiﬁed using gas chromatography (GC).
Results: Plasma total cholesterol and aorta atherosclerotic plaque decreased dose-dependently with the increasing amounts of CrA added into diets. This was accompanied by a dose-dependent increase in excretion of
both neutral and acidic sterols. CrA had no eﬀect on the mRNA levels of intestinal Niemann-Pick C1 like 1
protein (NPC1L1), acyl CoA:cholesterol acyltransferase2 (ACAT2), microsomal triacylglycerol transport protein
(MTP), and ATP binding cassette transporter 5 (ABCG5) as well as hepatic cholesterol-7α-hydroxylase
(CYP7A1), 3-Hydroxy-3-methylglutaryl reductase (HMG-CoA-R), sterol regulatory element binding protein 2
(SREBP2), LDL receptor (LDL-R), and Liver X receptor alpha (LXRα).
Conclusion: CrA as an herbal medicine could favorably modify the lipoprotein proﬁle in hamsters fed a high
cholesterol diet by enhancing excretion of fecal neutral and acidic sterols, most likely not mediated by interaction with genes of transporters, enzymes and proteins involved in cholesterol absorption and metabolism.

Introduction
Coronary heart disease (CHD) is the number one killer globally.
Cumulative Evidences suggest that elevated concentration of plasma
total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C)
as well as reduced concentration of high-density lipoprotein cholesterol

(HDL-C) are the major risk factors for CHD (Benderly et al., 2009;
Sharrett et al., 2001). There is a long history of consuming cranberry
fruit as a phytomedicine (McKay and Blumberg, 2007; Howell, 2007;
Hurta et al., 2013; Hurta et al., 2012; Liberty et al., 2012; Okla et al.,
2013; Shukitt-Hale et al., 2005). Cranberry has been demonstrated to
be able to lower TC and LDL-C in ovariectomized rats and

Abbreviations: ABCG5 and 8, ATP binding cassette transporter 5 and 8; ACAT2, acyl CoA:cholesterol acyltransferase2; CYP7A1, cholesterol-7α-hydroxylase; CrA, cranberry anthocyanins; HMG-CoA-R, 3-Hydroxy-3-methylglutaryl coenzyme reductase; LDL-R, LDL receptor; LXRα, Liver X receptor alpha; NPC1L1, Niemann-Pick C1 like 1 protein; MTP, microsomal
triacylglycerol transport protein (MTP); SREBP2, sterol regulatory element binding protein 2
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ingredients (g kg−1): cornstarch, 508; casein, 242; lard, 50; sucrose,
119; mineral mix, 40; vitamin mix, 20; gelatin, 20; DL-methionine, 1
(Table 1). The high-cholesterol control (HCD) diet was similarly prepared by adding 0.2% cholesterol in NCD. The other three experimental
diets were prepared by adding a low dose of 1% CrA (CL), a high dose of
2% CrA (CH) or 0.5% cholestyramine as a positive control (P-CTL) into
the HCD diet, respectively (Table 1). Cholestyramine, a bile acid sequestrant, binds and prevents the reabsorption of bile acids, leading to
lower cholesterol concentration in the blood.

hypercholesterolemic swine (Reed, 2002; Yung et al., 2013). Clinical
studies suggest that chronic cranberry consumption is able to reduce
the atherosclerotic cholesterol in patients with coronary artery disease
and type II diabetics (Lee et al., 2008). However, the active ingredients
in cranberry fruits responsible for the cholesterol-lowering activity remain largely unknown. Cranberry fruit is rich in anthocyanins. We
hypothesize that cranberry anthocyanins (CrA) are the active phytochemicals or at least one of the active ingredients accountable for the
cholesterol-lowering activity of cranberry fruits.
Inhibition on cholesterol absorption is eﬀective in reducing plasma
TC. Cholesterol absorption is a complex process involving several proteins, enzyme and transporters, namely intestinal Niemann-Pick C1 like
1 protein (NPC1L1), acyl-CoA: cholesterol acyltransferase 2 (ACAT2),
microsomal triacylglycerol transport protein (MTP) and ATP-biding
cassette transporters sub-family G member 5 and 8 (ABCG5 and 8).
NPC1L1 is a sterol transporter, which transfers the cholesterol from
intestinal lumen to enterocytes where ACAT2 converts cholesterol to
cholesteryl ester (CE). MTP places CE into chylomicron, which is then
diﬀused into blood via lymphatic system. ABCG5 and 8 transfer the
unabsorbed cholesterol from enterocyte back to the lumen of intestine
for elimination. Although some studies have reported the cholesterollowering activity of cranberry extract (Reed, 2002; Yung et al., 2013),
no study to date has examined the interaction of CrA with intestinal
NPC1L1, ACAT2, MTP, ABCG5 and 8.
Excessive cholesterol in the liver is metabolized to produce bile
acids, which are eliminated via bile duct. In this regard, hepatic cholesterol-7α-hydroxylase (CYP7A1) is an enzyme, which regulates the
conversion of cholesterol to bile acids. In contrast, 3‑hydroxy‑3-methylglutaryl coenzyme reductase (HMG-CoA-R) is a regulatory enzyme
responsible for cholesterol synthesis in the liver, while hepatic LDL
receptor is to remove the excessive LDL cholesterol (LDL-R) from circulation into the liver. To maintain the cholesterol homeostasis, liver X
receptor alpha (LXRα) regulates the gene expression of CYP7A1,
whereas sterol regulatory element binding protein 2 (SREBP2) regulates
the gene expression of HMG-CoA-R and LDL-R. To the best of our
knowledge, no study has investigated the eﬀect of CrA on gene expression of CYP7A1, HMG-CoA-R, LDL-R, LXRα and SREBP2.
The present study was designed to (i) investigate if CrA could reduce
plasma TC, and (ii) examine the interaction of CrA with gene expression
of intestinal NPC1L1, ACAT2, MTP, ABCG5 and 8, as well as hepatic
CYP7A1, HMG-CoA-R, LDL-R, and SREBP2.

Hamsters
Forty-four male Golden Syrian hamsters (aged 3 months, body
weights = 100–120 g) were randomly divided into ﬁve groups (n = 10
each for HCD and CH diets; n = 8 each for NCD, CL, and P-CTL diets)
and fed one of the ﬁve diets for 6 weeks. The hamsters were kept in
Wire-bottomed cages in an animal room at 23 °C with 12/12-h lightdark cycle. Food consumption and body weights were recorded daily.
At week 0 and 6, about 0.5 ml blood sample from each hamster was
collected from the retro-orbital sinus into heparinized capillary tube
under a light anesthesia using a mixture of ketamine, xylazine and
saline (v/v/v; 4:1:5) after overnight fasting. At the end of week 6, all
hamsters were sacriﬁced by carbon dioxide anaesthesia and the abdomen was cut open with blood being collected from the aorta into
syringe. The liver, heart, kidney, testis, epididymal and perirenal adipose tissues were removed, washed with saline, weighted, and frozen in
liquid nitrogen. The small intestine was washed 3 times in phosphatebuﬀered saline. All tissues were kept in a −80 °C freezer until analysis.
Thoracic aortas were dissected and stored in DEPC-PBS solution until
analysis. At week 6, total fecal output from each cage was separated
from the bedding, freeze-dried, ground and saved for neutral and acidic
sterols analyses. The entire experimental protocol was approved and
performed under the guidelines of the Animal Experimental Ethical
Committee, The Chinese University of Hong Kong [Ref No:(15–327) in
DH/HA&P/8/2/1 Pt.49].
Analysis of plasma lipids
The commercial enzymatic kit obtained from Inﬁnity (Waltham,
MA, USA) and Stanbio Laboratories (Boerne, TX, USA) were used to
measure the TC, HDL-C, and total triacylglycerols (TG), respectively.
Non-HDL-C was calculated by reducing HDL-C from TC.

Materials and methods
Analysis of atherosclerotic plaque
CrA extract
The percentage area of atherosclerotic plaque on the endothelial
layer was measured as we previously described (Ng et al., 2008). In
brief, the thoracic aorta was cut opened vertically after surrounding
connective tissue being removed. The aortas were stained with saturated oil red (Sigma-Aldrich, St, Louis, Mo, USA) followed by three
times of washing with 2-propanol and two times of washing with distilled water. Then the aortas were scanned with a table scanner (Epson
1220 perfection, Epson Co., Tokyo, Japan). The total aortic endothelial
layer area and atherosclerotic plaque area were analyzed using a
computer image analyzing program Sigma Scan Pro 5.0 (SPSS, Chicago,
USA). The percentage area of atherosclerotic plaque was calculated
according to the following equation: Aortic Plaque (%) = (atherosclerotic plaque area / total aortic endothelial layer area) × 100%.

CrA extract was obtained from Xi'an Realin Biotechnology C., Ltd
(Xi'an, China). As we previously described (Wang et al., 2015), the
individual anthocyanins were separated and quantiﬁed on an Apollo
C18 column (250 × 4.6 mm, 5 µm, Grace, Chicago, Illinois, USA) and
quantiﬁed on a HPLC system with a UV detector at 520 nm. The ﬂow
rate was set at 1 ml min−1, whereas the gradient mobile phase consisted of 5% acetic acid in water (Solvent A) and methanol (Solvent B).
The gradient elution was programmed: 0–10 min, 40% B; 10–30 min,
40–45% B; 30–40 min, 45% B; and 40–50 min, 45–40% B. Each anthocyanin was identiﬁed according to the retention time and UV
spectrum of authentic standards. HPLC analysis showed that the CrA
extract used in the present study mainly contained cyanidin 3-galactoside (4.25%), cyanidin 3-arabinoside (4.75%), peonidin 3-galactoside (36.36%) and peonidin 3-arabinoside (4.72%) (Fig. 1).

Analysis of liver cholesterol
Liver cholesterol was measured using a GC method as we previously
described (Lei et al., 2014; Ng et al., 2008). In brief, total lipids were
extracted into a solvent mixture of chloroform-methanol with addition
of 1 mg of 5 α-cholestane as an internal standard. After saponiﬁcation,
cholesterol in the non-saponiﬁed fraction was converted to TMS-ether

Diets
Five diets were prepared according to the method described by
Lei et al. (2014) with minor changes. In brief, the non-cholesterol
control diet (NCD) was prepared by mixing the list powdered
99
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Fig. 1. HPLC chromatogram of cranberry anthocyanins (CrA) extracts. Peaks: 1, cyanidin 3-galactoside;
2, cyanidin 3-arabinoside; 3, peonidin 3-galactoside;
and 4, peonidin 3-arabinoside.

brief, 0.5 g frozen liver was homogenized on ice in a buﬀer (20 mM
Tris–HCl, 2 mM MgCl2, 0.2 M sucrose, pH = 7.5) containing a protease
inhibitor cocatail (Roche, Mannheim, Germany). The mixture was
centrifuged at 12,000 rcf for 10 min at 4 °C and the supernatant was
collected. The total protein supernatant was further centrifuged at
35,000 rpm for 1 h at 4 °C. After that, the supernatant was removed and
the membrane protein pellet was re-suspended in the homogenizing
buﬀer. Protein concentration was determined using a protein concentration assay kit according to manufacturer's instructions (Bio-Rad,
Hercules, CA, USA). The membrane protein (80 µg) was size-fractionated by 7% SDS-PAGE at 100 V for 90 min and then transferred to a
Hybond-P PVDF membrane (Millipore Corporation, Billerica, MA, USA)
at 15 V for 1 h. The PVDF membranes were blocked in 5% non-fat milk
in 1x tris-buﬀered saline containing 0.1% Tween-20 (1x TBST) for 1 h,
followed by incubation overnight at 4 °C in the same solution consisting
of anti-CYP7A1 (Catalogue number SC-14426, Santa Cruz Biotechnology, Santa Cruz, Paso Robles, CA, USA), anti-HMG-CoA-R
(Catalogue number ABS229, Merck Millipore, Lake Placid, NY, USA),
anti-SREBP2 antibody (Catalogue number SC-5603, Santa Cruz Biotechnology,), anti-LDL-R antibody (catalogue number LP02-100 UG,
Merck Millipore), and anti-LXRα (Catalogue number SC-1206, Santa
Cruz Biotechnology). The membrane was then washed for 4 × 15 min
in 1 × TBST followed by incubation at 4 °C for another h in diluted
horseradish peroxidase-linked goat anti-rabbit IgG, donkey anti-rabbit
IgG or goat anti-mouse IgG. The washes mentioned above were repeated before the membranes were developed with ECL enhance chemiluminescence agent (Santa Cruz Biotechnology, Inc., California,
USA) and subjected to autoradiography on Chemidocۛ Touch Imaging
System (Bio-Rad Laboratories, Hercules, USA). Protein bands were
analyzed using ChemiDocۛ Touch Imaging System Software. Protein
concentrations of CYP7A1, HMG-CoA-R, SREBP2, LDL-R, and LXRα
were normalized with β-actin.

Table 1
Diet composition of non-cholesterol control diet (NCD), high-cholesterol control diet
(HCD), and one of the three high-cholesterol experimental diets supplemented with 1%
CrA (CL), 2% CrA (CH) and 0.5% cholestyramine (P-CTL), respectively.
Ingredients (g kg−1 diet)

NCD

HCD

CL

CH

P-CTL

Corn starch
Casein
Sucrose
Lard
Mineral mixture
Vitamin mixture
Gelatin
DL-Methionine
Cholesterol
CrA
Cholestyramine

508
242
119
50
40
20
20
1
0
0
0

508
242
119
50
40
20
20
1
2
0
0

508
242
119
50
40
20
20
1
2
10
0

508
242
119
50
40
20
20
1
2
20
0

508
242
119
50
40
20
20
1
2
0
5

derivatives using a commercial Sil-A TMA reagent. Cholesterol-TMS
derivative was quantiﬁed in a Shimadzu GC-14B gas chromatograph
equipped with a fused silica capillary column (SAC-5, 30 m × 0.25 mm,
i.d.; Supelco, Inc., Bellefonte, PA, USA) and a ﬂame ionization detector.
Analysis of fecal neutral and acidic sterols
Fecal neutral and acidic sterols were determined as we previously
described (Chan et al., 1999; Liu et al., 2015). 5α-Cholestane (0.5 mg)
and hyodeoxycholic acid (0.6 mg) were added into 300 mg of fecal
sample as an internal standard for quantiﬁcation of neutral sterols and
acidic sterols, respectively. Each fecal sample was saponiﬁed in 8 ml of
1 M NaOH in 90% ethanol at 90 °C, followed by adding 8 ml cyclohexane to extract the total neutral sterols. The neutral sterols were
converted to their TMS-derivatives at 60 °C for GC analysis. The acidic
sterols in the aqueous phase were also saponiﬁed in 1 ml of 10 M NaOH
and heated at 120 °C for 3 h. After acidiﬁcation with 3 ml of 25% HCl,
7 ml of diethyl ether was used to extract the total acidic sterols. The
acidic sterols were similarly converted to their corresponding TMSether derivatives before subjected to GC analysis. Each sample was
measured in duplicates.

Real-time PCR
The mRNA expression level of intestinal NCP1L1, ACAT2, MTP and
ABCG5/8 and liver SREBP2, HMG-CoA-R, LDL-R, CYP7A1, LXRα and
LPL was quantiﬁed according to previously described method (Lei et al.,
2014). Total RNA was extracted by Trizol® reagent (Invitrogen,
Carslbad, CA, USA) according to the manufacture protocol and converted to complementary DNA (cDNA) by using a high capacity cDNA
reverse transcription kit (Applied Biosystems, Foster City, CA, USA).

Western blotting
Protein mass of liver CYP7A1, HMG-CoA-R, SREBP-2, LDL-R, and
LXRa was measured as we previously described (Lei et al., 2014). In
100
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Table 2
Quantitative real-time PCR primers used to measure mRNA levels of intestine and liver genes of hamsters.
Gene

Forward primer 5′ 3′

Reversed primer 5′ 3′

Cyclophilin
NPC1L1
ACTA2
MTP
ABCG5
ABCG8
GAPDH
SREBP2
HMG-CoA R
LDL-R
CYP7A1

CAAATGCTGGACCAAACACA
CCTGACCTTTATAGAACTCACCACAGA
CCGAGATGCTTCGATTTGGA
GTCAGGAAGCTGTGTCAGAATG
TGATTGGCAGCTATAATTTTGGG
TGCTGGCCATCATAGGGAG
GAACATCATCCCTGCATCCA
GGACTTGGTCATGGGAACAGATG
CGAAGGGTTTGCAGTGATAAAGGA
GCCGGGACTGGTCAG ATG
GGTAGTGTGCTGTTGTATATGGGTTA

CAGTCTTGGCGGTGCAGAT
GGGCCAAAATGCTCGTCAT
GTGCGGTAGTAGTTGGAGAAGGA
CTCCTTTTTCTCTGGCTTTTCA
GTTGGGCTGCGATGGAAA
TCCTGATTTCATCTTGCCACC
CCAGTGAGCTTCCCGTTCA
TGTAATCAATGGCCTTCCTCAGAAC
GCCATAGTCACATGAAGCTTCTGTA
ACAGCCACCATTGTTGTCCA
ACAGCCCAGGTATGGAATCAAC

The synthesized cDNA was stored at −80 °C until use. A Fast Real-time
PCR System 7500 (Applied Biosystems) was used to measure the RTPCR of intestinal and hepatic genes. Primers (Table 2) and SYBR green
was used as a ﬂuorophore for real-time PCR analysis of intestinal
NCP1L1, ACAT2, MTP, ABCG5/8 and cyclophilin, meanwhile, primers
and TaqMan probes were used for RT-PCR analysis of hepatic SREBP2,
HMG-CoA-R, CYP7A1, LDL-R, LXRα, LPL and GAPDH. The total volume
of each reaction was 20 µl and the thermal cycling procedure was as
follows: heating up to 95 °C in 20 s, ﬂowed by 40 cycles at 95 °C (3 s/
cycle) and 60 °C for 30 s. Data were analyzed using the Sequence Detection Software Version 1.3.1.21 (Applied Biosystems). Gene expressions were calculated according to the comparative threshold cycle (CT)
method (Applied Biosystems).

Plasma TC, TG, HDL-C, and non-HDL-C
Five groups had similar levels of plasma TC, HDL-C, non-HDL-C and
TG at week 0 (Table 4). At the end of week 6, HCD group had plasma TC
signiﬁcantly higher than that in NCD and P-CTL hamsters (307.8 versus
183.8 versus 189.8 mg dl−1, P < .05). The plasma TC, HDL-C, nonHDL-C and the ratio of non-HDL-C to HDL-C concentrations in CH
group were signiﬁcantly decreased compared with those in the HCD
group (Table 4). The linear regression analysis clearly demonstrated the
eﬀect of CrA on TC, HDL-C, and non-HDL-C concentrations was dosedependent (Table 4). However, cranberry anthocyanins had no eﬀect on
plasma TG concentration.
Aortic atherosclerotic plaque

Statistical analysis

HCD diet signiﬁcantly increased the aortic plaque area compared
with the NCD diet, while addition of 0.5% cholestyamine and 2% CrA
into diet could ameliorate the severity of atherosclearotic plaque
(Fig. 2).

Value from each measurement was expressed as the mean ±
standard deviation (SD). All data were analyzed using one-way analysis
of variance (ANOVA) followed by Fisher's LSD test (SPSS, Inc, PASW
Statistics for Windows, Version 19.0, Chicago, IL, USA). Signiﬁcance
was deﬁned as P < .05. A simple linear regression analysis was carried
out in SPSS to assess the dose-dependent activity of CrA.

Liver cholesterol
HCD hamsters had the hepatic cholesterol concentration signiﬁcantly increased by 18 times compared with NCD group (Fig. 3).
Cholestyamine group had decreased hepatic cholesterol compared with
HCD hamsters. CrA extract had no eﬀect on hepatic cholesterol concentration compared with HCD hamsters.

Results
Food intake, body, and organ weights
No signiﬁcance diﬀerences in food intake, initial and ﬁnal body
weights were observed among the ﬁve groups (Table 3). No diﬀerences
in relative weights of heart, testis, kidney, perirenal fat pad, and epididymal fat pad were seen among the ﬁve groups. However, NCD and PCTL groups but not CL and CH had reduced liver weight compared with
HCD hamsters (Table 3).

Fecal total sterols and apparent cholesterol absorption
Fecal neutral sterols including coprostanol, coprostanone, and dihydrocholesterol in the large intestine are the products of microbial
hydrogenation and bioconversion of cholesterol. Fecal acidic sterols are
mainly consisting of lithocholic acid, deoxycholic acid, cholic acid and

Table 3
Changes in daily food intake, body weight and relative organ weights in hamsters fed the non-cholesterol diet (NCD, n = 8), high-cholesterol diet (HCD, n = 10) and one of the three highcholesterol diets supplement with 1% CrA (CL, n = 8), 2% CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL, n = 8), respectively.

−1

Daily food intake (g day )
Body weight (g)
Initial
Final
Relative organ weight (% body weight)
Liver
Heart
Testis
Kidney
Perirenal fat pad
Epididymal fat pad
Data are expressed as mean ± SD.

a, b

NCD

HCD

CL

CH

P-CTL

10.11 ± 0.55

9.91 ± 0.25

10.34 ± 0.31

10.07 ± 0.38

9.90 ± 0.56

114.13 ± 10.15
128.2 ± 13.9

113.20 ± 6.55
124.3 ± 7.3

114.00 ± 6.05
127.0 ± 16.3

113.90 ± 8.54
124.3 ± 9.1

113.38 ± 10.67
120.9 ± 10.0

4.35
0.33
1.48
0.96
1.29
1.75

±
±
±
±
±
±

0.40b
0.04
1.03
0.06
0.31
0.40

5.38
0.37
2.28
0.99
1.34
1.81

±
±
±
±
±
±

0.38a
0.11
0.65
0.15
0.22
0.32

5.57
0.33
2.34
0.96
1.44
1.75

Means in a row with diﬀerent letters diﬀer signiﬁcantly, P < .05.
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±
±
±
±
±
±

0.42a
0.03
0.79
0.08
0.27
0.44

5.67
0.33
1.94
0.95
1.29
1.67

±
±
±
±
±
±

0.25a
0.06
0.86
0.08
0.18
0.14

4.50
0.35
1.60
0.99
1.24
1.50

±
±
±
±
±
±

0.42b
0.03
0.74
0.05
0.16
0.28
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Table 4
Changes in plasma total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), triacylglycerols (TG), non-high density lipoprotein cholesterol (non-HDL-C), liver cholesterol and
aortic plaque in hamsters fed the non-cholesterol diet (NCD, n = 8), high-cholesterol diet (HCD, n = 10) and one of the three high-cholesterol diets supplement with 1% CrA (CL, n = 8),
2% CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL, n = 8).
NCD

Week 0
TC (mg dl−1)
HDL-C (mg dl−1)
TG (mg dl−1)
Non-HDL-C(mg dl−1)
Non-HDL-C/HDL-C
HDL-C/TC
Week 6
TC (mg dl−1)
TG (mg dl−1)
HDL-C (mg dl−1)
Non-HDL-C(mg dl−1)
Non-HDL-C/HDL-C
HDL-C/TC

HCD

CL

CH

P-CTL

Linear regression of CrA
R

P

121.40 ± 9.68
107.63 ± 7.45
80.16 ± 20.16
13.76 ± 6.10
0.16 ± 0.048
0.89 ± 0.046

121.30 ± 5.62
109.76 ± 7.64
82.41 ± 23.69
11.53 ± 4.71
0.11 ± 0.052
0.90 ± 0.040

121.40 ± 12.28
107.63 ± 10.82
82.07 ± 14.89
13.76 ± 6.00
0.13 ± 0.056
0.89 ± 0.045

121.30 ± 13.30
109.18 ± 11.39
83.43 ± 17.94
12.12 ± 5.24
0.11 ± 0.050
0.90 ± 0.040

121.72 ± 10.66
105.18 ± 8.21
86.75 ± 26.13
16.54 ± 5.01
0.12 ± 0.12
0.86 ± 0.036

<0.01
0.02
−0.03
0.05
0.03
0.03

1.00
0.91
0.86
0.80
0.87
0.87

183.8 ± 22.6c
115.6 ± 35.7bc
118.4 ± 6.0d
65.4 ± 20.6c
0.55 ± 0.17c
0.65 ± 0.08a

307.8 ± 38.0a
160.8 ± 51.5ab
166.1 ± 12.4a
141.7 ± 27.0a
0.85 ± 0.11a
0.54 ± 0.03b

283.9 ± 22.1ab
202.1 ± 65.3a
163.2 ± 6.2a
120.7 ± 19.2ab
0.74 ± 0.11ab
0.58 ± 0.04b

267.2 ± 23.6b
151.2 ± 59.6bc
155.9 ± 10.1b
111.3 ± 21.6b
0.72 ± 0.15b
0.59 ± 0.05b

189.8 ± 34.5c
109.4 ± 43.1c
131.9 ± 14.5c
57.9 ± 24.2c
0.43 ± 0.15c
0.71 ± 0.08a

−0.53
−0.07
−0.41
−0.50
−0.42
0.45

<0.01
0.73
0.03
0.01
0.03
0.02

Data are expressed as mean ± SD. a, b, c,
dependent of CrA on target lipoproteins.

d

Means in a row with diﬀerent letters diﬀer signiﬁcantly, P < .05. R is the coeﬃcient of correlation for regression analysis on the dose-

Fig. 3. Eﬀect of cranberry anthocyanins (CrA) extracts on liver cholesterol. Hamsters
were fed the non-cholesterol diet (NCD, n = 8), high-cholesterol diet (HCD, n = 10) and
one of the three high-cholesterol diets supplement with 1% cranberry CrA (CL, n = 8), 2%
CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL, n = 8). a,b.cBars with diﬀerent superscript letters diﬀer signiﬁcantly at p < .05.

chendeoxycholic acid. CrA dose-dependently increased the execration
of coprostanol, cholesterol and dihydrocholesterol (Table 5). As a
whole, CrA at a high dose could increase the excretion of total neutral
sterols by 18% and total acidic sterols 60% compared with HCD hamsters, respectively. The results of sterol balance analysis clearly demonstrated that CrA could dose-dependently decrease the apparent
cholesterol absorption (HCD group, 66.97%; CL group, 55.69%; CH
group, 51.47%, P < .05, Table 5).

Western blot of SREBP2, LXRα, HMG-CoA-R, LDL-R and CYP7A1
HCD group had down-regulation on protein mass of SREPB2, HMGCoA-R and LXRα with similar CYP7A1 and LDL-R compared with NCD
group (Fig. 4). CL and CH groups given diets containing 1% or 2% CrA
had similar protein mass of SREBP2, LXRα, HMG-CoA-R, LDL-R and
CYP7A1 compared with HCD group (Fig. 4). In contrast, P-CTL group
had up-regulation on protein mass of CYP7A1, SREBP2, HMG-CoA-R
and LXRα with similar protein mass of LDL-R compared with HCD
hamsters (Fig. 4).

Fig. 2. Eﬀect of cranberry anthocyanins (CrA) extracts on formation of atherosclerosis
plaque. (A) The representative aortas and (B) the area percentage of atherosclerosis
plaque (%). Hamsters were fed the non-cholesterol diet (NCD, n = 8), high-cholesterol
diet (HCD, n = 10) and one of the three high-cholesterol diets supplement with 1%
cranberry CrA (CL, n = 8), 2% CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL,
n = 8). a,b.cBars with diﬀerent superscript letters diﬀer signiﬁcantly at p < .05.
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Table 5
Daily fecal excretion of neutral and acidic sterols as well as sterol balance in hamsters fed the non-cholesterol diet (NCD, n = 8), high-cholesterol diet (HCD, n = 10) and one of the three
high-cholesterol diets supplement with 1% CrA (CL, n = 8), 2% CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL, n = 8).
mg/hamster/day

Neutral sterols
Coprostanol
Coprostanone
Cholesterol
Dihydrocholesterol
Total
Acidic sterols
Lithocholic acid
Deoxycholic acid
Chenodeoxycholic acid+
Cholic acid
Total
Cholesterol intake (mg/day)
Net sterol retention (mg/day)
Apparent cholesterol absorption (%)

NCD

0.12
0.19
0.07
0.03
0.40

HCD

±
±
±
±
±

0.08d
0.01b
0.04d
0.02d
0.12d

0.74
0.38
0.44
0.12
1.69

CL

±
±
±
±
±

0.21c
0.08a
0.14c
0.05c
0.37c

0.96
0.19
0.71
0.23
2.09

CH

±
±
±
±
±

0.33ab
0.18b
0.21ab
0.07ab
0.22ab

0.95
0.12
0.67
0.25
2.00

P-CTL

±
±
±
±
±

0.10b
0.14b
0.16b
0.07a
0.17b

1.16
0.16
0.86
0.18
2.30

±
±
±
±
±

Linear regression of CrA

0.18a
0.13b
0.04a
0.02b
0.25a

R

P

0.38
−0.63
0.49
0.66
0.43

0.05
<0.01
<0.01
<0.01
0.02

1.80 ± 0.32d
0.30 ± 0.07b

3.54 ± 0.46c
0.37 ± 0.20b

5.16 ± 0.37b
0.82 ± 0.39a

5.32 ± 0.55b
1.05 ± 0.62a

10.18 ± 0.68a
0.91 ± 0.36a

0.80
0.56

<0.01
<0.01

0.46 ± 0.08b
2.56 ± 0.39d

0.95 ± 0.43ab
4.85 ± 0.32c
19.81 ± 0.51
13.27 ± 0.67a
66.97 ± 2.65a

1.08 ± 0.18a
7.06 ± 0.69b
20.68 ± 0.62
11.53 ± 1.26b
55.69 ± 4.94b

1.38 ± 0.47a
7.75 ± 0.95b
20.13 ± 0.76
10.38 ± 1.48c
51.47 ± 6.23b

1.25 ± 1.10a
12.34 ± 0.98a
19.81 ± 1.12
5.16 ± 0.56d
26.04 ± 2.12c

0.44
0.85
0.20
−0.74
−0.80

0.02
<0.01
0.32
<0.01
< 0.01

Data are expressed as mean ± SD. a, b, c, d Means in a row with diﬀerent letters diﬀer signiﬁcantly, P < .05. Net sterol retention = (cholesterol intake – total neutral sterols – total acidic
sterols). Apparent cholesterol absorption = (net sterol retention ÷ cholesterol intake) × 100. R is the coeﬃcient of correlation for regression analysis on the dose-dependent of CrA on
target sterols.

compared with HCD group (Fig. 5).

mRNA of NPC1L1, ACAT2, MTP, ABCG5 and 8
Intestinal mRNA MTP, and ABCG5 but not NPC1L1, ACAT2, ABCG8
were increased in HCD compared with that in NCD (Fig. 5). Addition of
CrA extract into HCD diet had no eﬀect on mRNA of NPC1L1, ACAT2,
MTP, ABCG5 and ABCG8 compared with HCD diet. Addition of cholestyramine into diet (P-CTL) could down-regulate mRNA of MTP and
ABCG5 without having any eﬀect on NPC1L1, ACAT2 and ABCG8

mRNA of SREBP2, LXRα, HMG-CoA-R, LDL-R and CYP7A1
HCD group had up-regulation of mRNA HMG-CoA-R, SREBP2 and
LXRα without having eﬀect on mRNA LDL-R and CYP7A1 compared
with NCD hamsters (Fig. 6). CL group fed diets containing 1% CrA
extract had similar mRNA of CYP7A1, HMG-CoA-R, LDL-R, SREPB2 and
Fig. 4. Protein mass of hepatic cholesterol-7αhydroxylase (CYP7A1), 3-Hydroxy-3-methylglutaryl reductase (HMG-CoA-R), sterol regulatory
element-binding protein 2 (SREBP2), LDL receptor (LDL-R) and Liver x receptor alpha (LXRα)
in hamsters fed the non-cholesterol diet (NCD,
n = 8), high-cholesterol diet (HCD,n = 10) and
one of the three high-cholesterol diets supplement
with 1% cranberry CrA (CL, n = 8), 2% CrA (CH,
n = 10) and 0.5% cholestyramine (P-CTL, n = 8).
a,b
Bars with diﬀerent superscript letters diﬀer
signiﬁcantly at p < .05.
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Fig. 5. mRNA levels of intestinal Niemann-Pick C1like 1 (NPC1L1), acyl coenzyme A: cholesterol acyltransferase 2 (ACAT2), microsomal triacylglycerol
transport protein (MTP) and ATP binding cassette
transporters 5 and 8 (ABCG5 and ABCG8) in hamsters
fed the non-cholesterol diet (NCD, n = 8), high-cholesterol diet (HCD, n = 10) and one of the three highcholesterol diets supplement with 1% cranberry CrA
(CL, n = 8), 2% CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL, n = 8). a,b,c,dBars with diﬀerent
superscript letters diﬀer signiﬁcantly at p < .05.

neutral sterols represent total cholesterol excretion. In this regard, CrA
increased the excretion of total neutral sterols by 18% (Table 5). Secondly, cholesterol-lowering activity of CrA was also due to their ability
of increasing the excretion of fecal bile acids. In the liver, excessive
cholesterol is removed by converting it to bile acids and eliminating via
the bile duct to the intestine. Cholic and chenodeoxycholic acids, two
primary bile acids, are produced in the liver. Lithocholic and deoxycholic acids, two major secondary bile acids, are produced in the large
intestine through bacterial bioconversion of primary bile acids. Compared with HCD group, CrA in diets at 1% and 2% could enhance the
excretion of total bile acids by 46% and 60%, respectively (Table 5).
Cholesterol absorption in the intestine requires NPC1L1, ACAT2,
MTP and ABCG5 and 8 (Castro-Torres et al., 2014; Nguyen et al., 2012;
Yu et al., 2014). Cranberry anthocyanins increased the neutral and
acidic sterols excretion by 18–24% and 46–60% (Table 5), respectively,
with NPC1L1, ACAT2, MTP, ABCG5, and ABCG8 being unaﬀected
(Fig. 5), suggesting that the eﬀect on neutral and acidic sterol excretion
did not occur at gene level rather than via the physical interaction of
CrA with cholesterol and bile acids in the intestine. Kahlon and
Smith (2007) reported that CrA could bind to bile acids, thus leading to
decreasing bile acids reabsorption and increasing fecal excretion of
acidic sterols. The apparent sterol retention rate was obtained by using
the following equation: Apparent cholesterol absorption = (Calculated
cholesterol intake- Fecal total sterols)/Calculated cholesterol intake. At
week 6, addition of cranberry anthocyanins into diet produced a dosedependent reduction in apparent cholesterol absorption (Table 5).
These data suggested that CrA could decrease the cholesterol absorption and bile acid reabsorption with genes of NPC1L1, ACAT2 and MTP
and ABCG5/8 being unaﬀected.
Cholesterol homeostasis in liver is mainly maintained by HMG-CoAR, CYP7A1, SREBP2, LDL-R, and LXRα. In this regard, HMG-CoA-R and

LXRα with HCD group. Similarly, CH group given a diet containing 2%
CrA had similar mRNA of CYP7A1, HMG-CoA-R, LDL-R and SREPB2
and higher mRNA LXRα compared with HCD group (Fig. 6). Addition of
cholestyramine into diet (P-CTL) had a 5-fold increase in mRNA
CYP7A1 without having any eﬀect on mRNA of SREBP2, HMG-CoA-R,
LDL-R, and LXRα compared with HCD diet.

Discussion
The present study examined the hypocholesterolemic activity of CrA
extract and the underlying mechanism using hamsters as an animal
model. Results demonstrated that CrA as an herbal therapy was capable
of modulating favorably plasma lipoprotein proﬁle with the following
observations. Firstly, dietary cranberry anthocyanins at 1 and 2% could
dose-dependently decrease plasma TC by 7.8–13.2% (Table 4). Secondly, CrA could reduce both non-HDL-C and HDL-C. However, it reduced non-HDL-C more than HDL-C, thus favorably decreasing the ratio
of non-HDL-C to HDL-C. Results regarding the eﬀect of CrA on plasma
TC were in agreement with those data reported in humans (Lee et al.,
2008), swine (Reed, 2002) and ovariectomized rats (Yung et al., 2013).
The present study was the ﬁrst time to systematically investigate the
eﬀect of CrA on plasma TC, suggesting CrA extract was the active ingredients or at least one of the active ingredients responsible for the
cholesterol-lowering activity of cranberry fruits.
We proposed two underlying mechanisms by which CrA decreased
plasma TC. Firstly, CrA decreased plasma TC concentration mainly by
their inhibitory action on cholesterol absorption. The fecal neutral
sterol analysis found that CrA in diet at 2% increased the excretion of
fecal cholesterol by 28.4% (Table 5). In the intestine, bacteria metabolize cholesterol to several other neutral sterol derivatives, namely,
coprostanol, coprostanone, and dihydrocholesterol. Thus, the fecal total
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Fig. 6. mRNA levels of hepatic cholesterol-7αhydroxylase (CYP7A1), 3-Hydroxy-3-methylglutaryl reductase (HMG-CoA-R), sterol regulatory
element-binding protein 2 (SREBP2), LDL receptor (LDL-R), and Liver X receptor alpha
(LXRα) in hamsters fed the non-cholesterol diet
(NCD, n = 8), high-cholesterol diet (HCD,
n = 10) and one of the three high-cholesterol
diets supplement with 1% cranberry CrA (CL,
n = 8), 2% CrA (CH, n = 10) and 0.5% cholestyramine (P-CTL, n = 8). a,b,cBars with diﬀerent
superscript letters diﬀer signiﬁcantly at p < .05.

extract, each capsule contains 300–600 mg anthocyanins, which is
equivalent to 900–1800 mg/2000 kcal if three capsules are taken daily.
In the present study, addition of 1% CrA in diet was equivalent to
2500 mg/2000 kcal, which was slightly higher than the amount suggested by such anthocyanin manufacturers. In this regard, the concentration of CrA used in the present study could achieve its cholesterol-lowering activity under the normal physiological conditions in
humans if the data in hamsters could be extrapolated to humans.

CYP7A1 are the rate-limiting enzymes involved in cholesterol synthesis
and bile acids synthesis, respectively (Chen et al., 2011). LDL-R is responsible for removing cholesterol from circulation. SREBP2 regulates
gene expression of HMG-CoA-R and LDLR (Chen et al., 2008). LXRα
acts as a cholesterol concentration sensor in the liver, which will be upregulated when cellular oxysterols accumulate as a result of increasing
concentration of cholesterol in the liver and could activate CYP7A1 to
increase bile acids synthesis (Fu et al., 2014). Addition of CrA exhibited
no eﬀect on the gene and protein mass of HMG-CoA-R, SREBP2, and
LDL-R (Figs. 4 and 6). High dose of CrA up-regulated the mRNA level of
LXRα, however, the protein mass of LXRα and CYP7A1 was not
changed. The following three reasons were proposed. Firstly, real-time
PCR technique is generally more sensitive than western blot assay.
Secondly, posttranslational modiﬁcations might lead to this discrepancy. Thirdly, the antibodies used in this study were not all speciﬁc
to hamster, which might account for the discrepancy between western
blot data and the PCR data. Results indicated that CrA could decrease
plasma TC, most likely not mediated by interaction with genes of HMGCoA-R, CYP7A1, SREBP2, LDL-R and LXRα.
WHO recommends to take at least 400 g fruits and vegetable per
day. One study has shown that the anthocyanin intake in humans is up
to 280 mg (Tennant et al., 2014). It has been shown that consumption
of 320 mg berry anthocyanins could decrease LDL cholesterol by 13.6%
(Qin et al., 2009). Regarding the commercially available anthocyanin

Conclusions
In summary, CrA as an herbal medicine could favorably modulate
plasma lipoprotein proﬁle by decreasing plasma TC, non-HDL-C and the
non-HDL-C/HDL-C ratio. The cholesterol-lowering activity of CrA was
mainly mediated by increasing the excretion of both total fecal neutral
and acidic sterols.
Conﬂicts of interest
There are no conﬂicts of interest to declare.
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