
Research Article
Evaluation of the Effects of Vaccinium arctostaphylos L. Fruit
Extract on Serum Lipids and hs-CRP Levels and Oxidative Stress
in Adult Patients with Hyperlipidemia: A Randomized,
Double-Blind, Placebo-Controlled Clinical Trial

Rasool Soltani,1 Mustafa Hakimi,1 Sedigheh Asgary,2

Syed Mustafa Ghanadian,3 Mahtab Keshvari,2 and Nizal Sarrafzadegan2

1 Department of Clinical Pharmacy and Pharmacy Practice, Faculty of Pharmacy and Pharmaceutical Sciences,
Isfahan University of Medical Sciences, Isfahan, Iran

2 Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences,
Isfahan, Iran

3Department of Pharmacognosy, Faculty of Pharmacy and Pharmaceutical Sciences, Isfahan University of Medical Sciences,
Isfahan, Iran

Correspondence should be addressed to Sedigheh Asgary; sasgary@yahoo.com

Received 15 July 2013; Accepted 10 December 2013; Published 23 January 2014

Academic Editor: Kashmira Nanji

Copyright © 2014 Rasool Soltani et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. Dyslipidemia produces atherosclerosis, which in turn results in coronary artery disease (CAD). Atherosclerosis is
being considered as an inflammatory disease. Vaccinium arctostaphylos L. is a plant with fruits rich in anthocyanins. The aim of
this study was to evaluate the effects of fruit extract of this plant on serum levels of lipids, hs-CRP, and malondialdehyde (MDA)
as a marker of oxidative stress, in hyperlipidemic adult patients. Methods. In this randomized, double-blind, placebo-controlled
clinical trial, 50 hyperlipidemic adult patients were randomly and equally assigned to receive either medicinal (V. arctostaphylos
fruit extract) or placebo capsules twice daily for 4 weeks. Each medicinal capsule contained 45 ± 2mg of anthocyanins. Fasting
serum levels of total cholesterol, TG, LDL-C, HDL-C, hs-CRP, and MDA were obtained before and after the intervention and
compared. Results. V. arctostaphylos fruit extract significantly reduced total cholesterol (𝑃 < 0.001), LDL-C (𝑃 = 0.004), TG
(𝑃 < 0.001), andMDA (𝑃 = 0.013) compared to placebo but did not have any significant effect on HDL-C (𝑃 = 0.631) and hs-CRP
(𝑃 = 0.190). Conclusion. Fruit extract of Vaccinium arctostaphylos has beneficial effects on serum lipid profile and oxidative stress
in hyperlipidemic adult patients. Therefore, it could be considered as a supplement for treatment of dyslipidemia and prevention
of atherosclerosis development.

1. Introduction

Dyslipidemia (one or more abnormalities of blood lipids)
produces atherosclerosis, which in turn produces coronary
heart disease (CHD) and coronary artery disease (CAD)
including chronic stable angina, unstable angina, myocar-
dial infarction, and ischemic cardiomyopathy [1]. Coronary
atherosclerosis is the leading cause of death in developed
countries [2]. Therefore, successful management of dys-
lipidemias alters the natural course of atherosclerosis and

reduces CHD. Atherosclerosis is being considered as an
inflammatory disease, since inflammatory processes play a
key role in different stages of plaque development [3]. These
include the activation of endothelial cells (ECs) leading to
expression of adhesion molecules that attract inflammatory
cells (e.g., neutrophils, T-cells, and monocytes) into the early
atherosclerotic lesion. Within the plaque, smooth muscle
cells (SMCs) and ECs secrete proinflammatory mediators
that stimulate monocyte differentiation into macrophages.
These macrophages further develop into foam cells upon
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uptake of oxLDL and locally amplify the inflammatory re-
sponse, thereby attracting more immune cells and inducing
migration of SMCs into the plaque [4, 5].

High-sensitivity C-reactive protein (hs-CRP), a plasma
protein synthesized by the liver, is a sensitive and dynamic
systemic marker of inflammation [6]. CRP binds to LDL
[7, 8] and is present in atherosclerotic plaques [9], so it
has been proposed that CRP may have a causal role in
coronary heart disease. A systematic review of 31 published
prospective cohort studies has suggested that elevated CRP
concentrations were associated consistently with increased
CHD risk [10]. Therefore, it is possible that drugs with
CRP-lowering property could reduce cardiovascular events in
high-risk patients. In JUPITER trial, rosuvastatin, compared
to placebo, reduced the combined primary endpoint of MI,
stroke, arterial revascularization, hospitalization for unstable
angina, or death from cardiovascular causes in patients with
below average (<130mg/dL) levels of LDL-C, and high levels
of hs-CRP (>2mg/dL) [11].

Oxidative stress, which occurs in response to an altered
metabolic state, apoptosis, and lipid peroxidation, is addi-
tionally involved in the pathogenesis of atherosclerosis [12,
13]. Hyperlipidemia increases the production of reactive
oxygen species (ROS) by endothelial cells, smooth muscle
cells, and macrophages, leading to oxidative stress induction
and low density lipoprotein (LDL) oxidation [13, 14]. The
development of atherosclerosis is accompanied by an accu-
mulation of oxidized LDL (oxLDL), one of themajor oxidized
lipids, in the arterial wall [12].Therefore, phytochemicals and
antioxidants that inhibit the production of ROS might have
clinical value for treatment of atherosclerosis [15].

Vaccinium arctostaphylos L. (Caucasian Whortleberry) is
a plant found in northern forests of Iran and commonly
known as “Qaraqat.” The fruits (berries) of this plant are
rich in anthocyanins [16]. Anthocyanins are compounds
with antioxidant, antiatherosclerotic, and antihyperlipidemic
activities [17–21]. The aim of this study was to evaluate
the effects of fruit extract of this plant on serum levels of
lipids, hs-CRP, and malondialdehyde (MDA) as a marker of
oxidative stress, in hyperlipidemic adult patients.

2. Materials and Methods

2.1. Plant Material and Extraction. Fresh ripe berries of V.
arctostaphyloswere collected from the forests of Asalem in the
mountain chains of Alborz in the north of Iran inAugust 2012
andwere identified by the PharmacognosyDepartment of the
Faculty of Pharmacy, Isfahan University of Medical Sciences,
Isfahan, Iran. After drying at room temperature (20–22∘C),
the berries were extracted by maceration with ethanol 70%.
The extract was then filtrated, concentrated under vacuum,
and standardized by spectroscopic determination of antho-
cyanin content.

2.2. Standardization of the Extract. Total anthocyanin con-
tent was determined by the pH differential method [22].
Experiments were carried out in two replicates and data were
expressed as mmol cyanidin-3-glucoside equivalent. Briefly,

two samples of 1 g dried extract were mixed with 10mL of
buffer solution with pH = 1 (125mL of 0.2M KCl and 375mL
of 0.2M HCl) and 10mL of buffer solution with pH = 4.5
(400mL of 1M sodium acetate, 240mL of 1M HCl, and
360mL of water). Both solutions were diluted again 10 times
with the buffers and the absorbance was read at 510 nm.
Total anthocyanin content was determined by the following
equation:

anthocyanin content (%)

= [(Abs pH 1.0 − Abs pH 4.5) × 484.82 × DF
(24825 ×Wt)

] ,

(1)

where 484.82 is the molecular mass of cyaniding-3-glicoside
chloride, 24825 is molar absorptivity at 510 nm in pH = 1, DF
is the dilution factor, and Wt is the sample weight.

2.3. Preparation of Medicinal and Placebo Capsules. The con-
centrated extract was mixed with tribasic calcium phosphate
powder, granulated, and dried, and then its anthocyanin
content was quantified. The medicinal capsules were filled
with the mixed granules so that each contained 500mg of
dried granules equivalent to 45 ± 2mg of total anthocyanin.
The placebo capsules with shape, color, and size similar to
medicinal ones were filled only with dried granulated tribasic
calcium phosphate.

2.4. Patient Selection. All hyperlipidemic adult patients who
met the following inclusion criteria were recruited in the
study: (1) age ≥ 18 years, (2) serum levels of total choles-
terol 200–300mg/dL and/or triglyceride (TG) 150–199mg/dL
and/or LDL-C 130 130–190mg/dL, (3) being non-smokers, (4)
free of diseases affecting serum lipids (e.g., diabetes, thyroid
disorders, and pancreatitis), (5) not using drugs or supple-
ments affecting serum lipids (e.g., statins, fibrate derivatives,
estrogens, progestins, beta-blockers, thiazide diuretics, and
fish oil) within the last 3 months, (6) free of liver or kidney
disease, and (7) nonpregnant, nonlactating women.

2.5. Study Design and Interventions. This was a randomized,
double-blind, placebo-controlled clinical trial performed in
Isfahan cardiovascular research center affiliated to Isfahan
University of Medical Sciences, Isfahan, Iran, from Septem-
ber 2012 to January 2013. Informed consent was obtained
from all participants and the study protocol was approved
by the ethical committee (Research Ethics Committee of Isfa-
han Cardiovascular Research Center, Isfahan, Iran). Patients
with inclusion criteria were randomly and equally assigned
to either the study drug (Vaccinium) or placebo groups.
Randomization was performed using random number table.
Before intervention, the demographic characteristics (includ-
ing BMI) and fasting serum levels of total cholesterol, TG,
LDL-C, HDL-C, hs-CRP, and malondialdehyde (MDA) were
recorded for all patients. Also, to detect any possible side
effects of the drug on the liver and kidney, the serum levels of
ALT, AST, BUN, and creatinine were obtained. The patients
of drug and placebo groups used two medicinal and placebo
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61 patients were assessed for eligibility

54 patients met inclusion criteria and were randomized

27 patients were assigned to 
drug group

27 patients were assigned to 
placebo group

2 patients were
excluded due to 

irregular use of  capsules 
or altering usual  

diet
or altering usual  

diet

2 patients were
excluded due to 

irregular use of  capsules 

25 patients completed the study 25 patients completed the study

Figure 1: Flowchart of patient’s enrollment in the study.

capsules, respectively, per day with food for 4 weeks. All
patients were instructed to maintain their usual diet and
physical activity and report any adverse effect during the
study. The patients compliance was evaluated by counting
their capsules at the end of use and their results were included
in data analysis if they used more than 80% of their capsules.
At the end of 4 weeks, all above-mentioned parameters
were again measured and compared to baseline values. All
participants, the physician, and laboratory personnel were
blind to intervention type.

2.6. Statistical Analysis. SPSS 20.0 software was used for sta-
tistical analysis of resulting data. Kolmogorov-Smirnov test
was performed to assess normal distribution of continuous
data. Because of normal distribution of all continuous data,
Student’s t-test was used for comparisons. Paired-samples t-
test was performed for comparison of measurements at the
beginning and end of intervention within each group. Gen-
eral linear model (multivariate) analysis was used for com-
paring the mean changes of each parameter form baseline
between drug (Vaccinium) and placebo groups. Chi-square
test was performed for comparison of gender distribution
in two groups. The level of significance was considered as
𝑃 < 0.05.

3. Results

During the study, a total of 61 hyperlipidemic subjects were
screened, with 54 found to be eligible according to the
inclusion criteria; however, 2 subjects were excluded from
each group during the trial because of either irregular use
of capsules or altering their usual diet. Therefore, statistical
analyses were performed for a total of 50 subjects (25 in each
group) who fully completed the trial (Figure 1).

Table 1 shows baseline demographic and clinical char-
acteristics of study patients. As shown, all subjects were
matched regarding baseline values.

Table 2 presents changes of tested parameters from base-
line after 4 weeks of intervention in Vaccinium and placebo
groups and comparison of them. As shown, Vaccinium
significantly reduced total cholesterol, LDL-C, TG, andMDA
compared to placebo but had not any statistically significant
effect on other tested parameters.

Table 3 shows the effects of Vaccinium and placebo on
laboratory markers of liver and kidney function after 4 weeks
of use. No significant changes were detected in these values
during the study. Also, no complication or adverse effect was
reported by patients of both groups.

4. Discussion

In the present study, we investigated the effects of fruit
concentrated extract of Vaccinium arctostaphylos on serum
lipid profile and serum levels of hs-CRP and MDA in hyper-
lipidemic adult patients. Only one previous study, published
at the time of this writing, exists for the effects of Vaccinium
arctostaphylos on lipid profile of hyperlipidemic patients
[23]; however, several studies have been conducted for some
other species of the genus Vaccinium. Our study showed
cholesterol-, LDL-C-, and triglyceride-lowering effects of
the berries of Vaccinium arctostaphylos, but no significant
effect was observed on HDL-C. Similarly, in the above-
mentioned recently published study conducted by Kianbakht
et al., the use of hydroalcoholic extract of V. arctostaphylos
(one 350mg capsule every 8 hours) for 2 months, compared
to placebo, significantly lowered the blood levels of total
cholesterol (𝑃 < 0.001), TG (𝑃 = 0.002), and LDL-C
(𝑃 = 0.002) [23]; however, in contrast to our result, the extract
significantly increased the blood HDL-C levels (𝑃 < 0.001).
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Table 1: Baseline demographic and clinical characteristics of study patients The values are presented as mean ± SD.

Parameter (unit) Vaccinium (𝑛 = 25) Placebo (𝑛 = 25) 𝑃 value
Age (years) 48.08 ± 16.39 46.36 ± 16.59 0.714
Gender (%male) 40.0 40.0 0.723
BMI (kg/m2) 25.40 ± 1.75 25.21 ± 2.01 0.720
Total cholesterol (mg/dL) 226.48 ± 32.09 220.20 ± 45.76 0.577
LDL-C (mg/dL) 132.80 ± 23.76 121.08 ± 32.06 0.149
TG (mg/dL) 226.20 ± 96.99 191.36 ± 56.54 0.129
HDL-C (mg/dL) 45.76 ± 9.73 46.56 ± 10.52 0.781
hs-CRP (mg/L) 2.53 ± 2.33 2.80 ± 2.35 0.737
MDA (𝜇mol/L) 0.738 ± 0.266 0.707 ± 0.212 0.653

Table 2: The effects of interventions on tested parameters after 4 weeks in study patients. The values are presented as mean ± SD.

Parameter (unit) Vaccinium (𝑛 = 25) Placebo (𝑛 = 25) 𝑃-value
BMI (kg/m2)

Baseline 25.40 ± 1.75 25.21 ± 2.01

0.062End 25.06 ± 1.60 25.31 ± 2.07

Change −0.33 ± 0.45 0.10 ± 0.45

Total cholesterol (mg/dL)
Baseline 226.48 ± 32.09 220.20 ± 45.76

<0.001End 192.04 ± 28.81 223.52 ± 42.31

Change −34.44 ± 22.44 3.32 ± 15.47

LDL-C (mg/dL)
Baseline 132.80 ± 23.76 121.08 ± 32.06

0.004End 121.36 ± 27.46 124.36 ± 30.29

Change −11.44 ± 3.28 3.28 ± 16.04

TG (mg/dL)
Baseline 226.20 ± 96.99 191.36 ± 56.54

<0.001End 156.56 ± 46.76 198.56 ± 63.30

Change −69.64 ± 76.86 7.20 ± 27.51

HDL-C (mg/dL)
Baseline 45.76 ± 9.73 46.56 ± 10.52

0.631End 45.60 ± 9.72 45.68 ± 9.72

Change −0.16 ± 6.36 −0.88 ± 3.85

hs-CRP (mg/L)
Baseline 2.53 ± 2.33 2.80 ± 2.35

0.190End 1.99 ± 1.60 3.04 ± 2.34

Change −0.54 ± 2.83 0.23 ± 0.49

MDA (𝜇mol/L)
Baseline 0.738 ± 0.266 0.707 ± 0.212

0.013End 0.648 ± 0.16 0.769 ± 0.26

Change −0.09 ± 0.23 0.06 ± 0.18

Table 3: The effects of interventions on the liver and kidney function tests after 4 weeks. The values are presented as mean ± SD.

Parameter (unit) Vaccinium (𝑛 = 25) Placebo (𝑛 = 25)
Baseline Week 4 𝑃-value Baseline Week 4 𝑃-value

ALT (U/L) 22.48 ± 10.88 20.88 ± 11.51 0.193 24.72 ± 9.12 24.24 ± 8.18 0.643
AST (U/L) 21.60 ± 7.77 20.60 ± 7.94 0.246 23.20 ± 7.48 23.68 ± 8.48 0.580
BUN (mg/dL) 14.28 ± 3.27 13.96 ± 4.60 0.616 14.60 ± 4.41 13.36 ± 4.76 0.075
Creatinine (mg/dL) 0.96 ± 0.15 0.92 ± 0.14 0.166 0.96 ± 0.23 0.93 ± 0.22 0.513
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This difference could be due to higher dose of consumed
extract and longer duration of this study. The lipid-lowering
effects of some other species of Vaccinium have been demon-
strated in several animal studies [24–26] and clinical trials
[27, 28]. In the study of Lee et al., the use of cranberry
(Vaccinium macrocarpon) extract with the daily dose of
1500mg for 12 weeks by patients with type 2 diabetes caused
significant reduction in serum levels of LDL-C and total
cholesterol and total cholesterol/HDL cholesterol ratio [28].
In contrast to our results, in a study of patients with features
of metabolic syndrome, daily consumption of 400 g fresh
bilberries (Vaccinium myrtillus) for 8 weeks had not any
significant effect on serum lipids [29]. In another study
performed by Basu et al., the use of cranberry (Vaccinium
macrocarpon) juice for 8 weeks did not significantly affect
lipid profile in patients with metabolic syndrome [30]. The
observed lipid-lowering effects of V. arctostaphylos in the
present study may be due to its anthocyanin content. Also,
water-soluble fibers in the berries could be responsible for
reduction of serumcholesterol through binding to bile salts in
the intestine leading to inhibition of their enterohepatic cycle
[31]. It is noteworthy that the administration of our tested
extract for a longer period of time might be more effective
at lowering the serum lipids.

In the present research, V. arctostaphylos had not any sig-
nificant effect on the serum level of hs-CRP in hyperlipidemic
subjects. In the study of Kolehmainen et al., daily intake
of 400 g fresh bilberries (Vaccinium myrtillus) for 8 weeks
significantly reduced serum hs-CRP and some other inflam-
matory markers [29]. Also, in the study of Karlsen et al.,
supplementation with 330mL bilberry juice/day for 4 weeks
resulted in significant decrease in plasma concentrations
of CRP [32]. Conversely, others have shown no significant
effects [33–35]. Considering a slight decrease in hs-CRP byV.
arctostaphylos (in contrast to placebo) observed in our study,
the use of higher doses of this extract for longer periods may
have more significant effect on this inflammatory marker.

In our research, V. arctostaphylos fruits extract showed
significant effect in reduction of MDA as a marker of oxida-
tive stress compared to placebo (𝑃 = 0.013). Consistently,
in the study of Basu et al., daily use of cranberry juice for
8 weeks caused a significant decrease in both ox-LDL and
MDAversus placebo treatment (−33% versus−17% and−50%
versus +7%, resp.) [30]; however, in this study, the baseline
MDA values were higher than those of our subjects and
the duration of intervention was longer. Our results show
antioxidant activity of the fruit extracts of V. arctostaphylos.
This suggests that it can be considered as a nutritional supple-
ment for prevention of atherosclerosis in high-risk patients
including hyperlipidemic subjects as increasing evidence
indicates inhibition of LDL oxidation through attenuation of
oxidative stress is beneficial in preventing the development
of atherosclerosis [12]. The reduction of plasma MDA con-
centrations in response to V. arctostaphylos is likely to be
attributable to its polyphenolic compounds as they exert a
potent antioxidant activity [36, 37].

In conclusion, daily consumption of the fruit extract
of Vaccinium arctostaphylos significantly reduces the serum
levels of total cholesterol, LDL-C, and triglyceride (TG)

and oxidative stress in hyperlipidemic patients. Therefore,
this extract could be considered as a potential agent for
treatment of dyslipidemia and prevention of atherosclerosis
development. However, more studies with higher doses and
longer periods of time are mandatory.
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[22] M.M.Giusti, L. E. Rodŕıguez-Saona, andR. E.Wrolstad, “Molar
absorptivity and color characteristics of acylated and non-
acylated pelargonidin-based anthocyanins,” Journal of Agricul-
tural and Food Chemistry, vol. 47, no. 11, pp. 4631–4637, 1999.

[23] S. Kianbakht, B. Abasi, and F. Hashem Dabaghian, “Improved
lipid profile in hyperlipidemic patients taking Vaccinium arc-
tostaphylos fruit hydroalcoholic extract: a randomized double-
blind placebo-controlled clinical trial,” Phytotherapy Research,
2013.

[24] K. Yuji, H. Sakaida, T. Kai et al., “Effect of dietary blueberry
(VacciniumasheiReade) leaves on serumandhepatic lipid levels
in rats,” Journal of Oleo Science, vol. 62, pp. 89–96, 2013.

[25] D. E. Roopchand, P. Kuhn, L. E. Rojo, M. A. Lila, and I.
Raskin, “Blueberry polyphenol-enriched soybean flour reduces
hyperglycemia, body weight gain and serum cholesterol in
mice,” Pharmacological Research, vol. 68, pp. 59–67, 2013.

[26] N. Inoue, K. Nagao, S. Nomura et al., “Effect of Vaccinium ashei
reade leaf extracts on lipid metabolism in obese OLETF rats,”
Bioscience, Biotechnology and Biochemistry, vol. 75, no. 12, pp.
2304–2308, 2011.

[27] B. K. Chambers and M. E. Camire, “Can cranberry supplemen-
tation benefit adults with type 2 diabetes?” Diabetes Care, vol.
26, no. 9, pp. 2695–2696, 2003.

[28] I. T. Lee, Y. C. Chan, C. W. Lin, W. J. Lee, and W. H.-H. Sheu,
“Effect of cranberry extracts on lipid profiles in subjects with

type 2 diabetes,”DiabeticMedicine, vol. 25, no. 12, pp. 1473–1477,
2008.

[29] M. Kolehmainen, O.Mykkanen, P. V. Kirjavainen et al., “Bilber-
ries reduce low-grade inflammation in individuals with features
of metabolic syndrome,” Molecular Nutrition & Food Research,
vol. 56, no. 10, pp. 1501–1510, 2012.

[30] A. Basu, N. M. Betts, J. Ortiz, B. Simmons, M. Wu, and T. J.
Lyons, “Low-energy cranberry juice decreases lipid oxidation
and increases plasma antioxidant capacity in women with
metabolic syndrome,”Nutrition Research, vol. 31, no. 3, pp. 190–
196, 2011.

[31] T. S. Kahlon and G. E. Smith, “In vitro binding of bile acids
by blueberries (Vaccinium spp.), plums (Prunus spp.), prunes
(Prunus spp.), strawberries (Fragaria X ananassa), cherries
(Malpighia punicifolia), cranberries (Vaccinium macrocarpon)
and apples (Malus sylvestris),” Food Chemistry, vol. 100, no. 3,
pp. 1182–1187, 2007.

[32] A. Karlsen, I. Paur, S. K. Bøhn et al., “Bilberry juice modulates
plasma concentration of NF-𝜅B related inflammatory markers
in subjects at increased risk of CVD,” European Journal of
Nutrition, vol. 49, no. 6, pp. 345–355, 2010.

[33] A. Basu, M. Du, M. J. Leyva et al., “Blueberries decrease
cardiovascular risk factors in obese men and women with
metabolic syndrome,” Journal of Nutrition, vol. 140, no. 9, pp.
1582–1587, 2010.

[34] A. J. Stull, K. C. Cash, W. D. Johnson, C. M. Champagne,
and W. T. Cefalu, “Bioactives in blueberries improve insulin
sensitivity in obese, insulin-resistant men and women,” Journal
of Nutrition, vol. 140, no. 10, pp. 1764–1768, 2010.

[35] P. J. Curtis, P. A. Kroon, W. J. Hollands et al., “Cardiovascular
disease risk biomarkers and liver and kidney function are not
altered in postmenopausal women after ingesting an elderberry
extract rich in anthocyanins for 12 weeks,” Journal of Nutrition,
vol. 139, no. 12, pp. 2266–2271, 2009.

[36] J. Sun, Y.-F. Chu, X. Wu, and R. H. Liu, “Antioxidant and
antiproliferative activities of common fruits,” Journal of Agricul-
tural and Food Chemistry, vol. 50, no. 25, pp. 7449–7454, 2002.
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