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Abstract The principal objective of this experiment was
to evaluate the anti-atherosclerotic activity of hempseed
water extract in apolipoprotein E knockout (ApoE KO)
mice. Fourteen male ApoE KO mice were divided into 2
groups and were treated via intragastric inoculation for 14
weeks. The hempseed water extract (HWE) inoculation
group exhibited greater gains in weight as compared to the
control group, which was inoculated with distilled water.
Plaque lesion areas in the aortic sinus were reduced in the
HWE group. Total plasma cholesterol, LDL-cholesterol,
atherosclerotic index, and cardiac risk factor were all
reduced in the HWE group. These results demonstrate that
HWE is an excellent nutritional resource and evidences
anti-atherosclerotic activity in ApoE KO mice. Further
studies will be required to assess the pharmacological
mechanisms underlying these effects.
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Introduction
Cardiovascular disease is a principal cause of mortality in
many countries, and accounts for up to 16.7 million deaths
annually (1). Cardiovascular disease is primarily caused by
atherosclerosis, a chronic inflammatory disease of the
arteries that generally clinically manifests as thrombosis
(2). In the past, atherosclerosis was thought to be due to a
passive accumulation of cholesterol in the blood vessel
wall. However, current data corroborate the hypothesis that
atherosclerosis involves chronic inflammatory features (3).
In vascular walls predisposed to atherosclerosis, hypercholesterolemia is associated with increased LDL transcytosis
through the endothelium. This results in an accumulation
of LDL in the intima, the innermost layer of the artery,
where they are prone to oxidative modification, thereby
increasing atherogenicity and retention within the vascular
intima (4). Increased plasma concentration and oxidative
modification of LDL are important factors in early
atherogenesis (5). Although few effective therapies are
currently available to treat the disease because of its
pathological complexity, the previous data may prove to be
very important in reducing plasma LDL levels, regulating
oxidative modification, and inhibiting the inflammatory
response (6).
Hempseed contains approximately 20-25% protein,
providing all of the essential amino acids, and 35% oil, and
is very rich in essential fatty acids and other polyunsaturated
fatty acids (PUFAs). It also contains 20-30% carbohydrate,
10-15% insoluble fiber, minerals, and vitamin E (7). The
predominant fatty acids in hempseed are linoleic acid (ω6)
and α-linoleic acid (ω3) (8). The ratio of ω6 to ω3 fatty
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acids is 3:1. This ratio is much lower than the recommendations
of the Nutrition Society of Germany, Austria, and Switzerland
(D-A-CH Recommendations for Nutrition) (9). Current
theories on the subject recommend that the ingestion of ω6
be curtailed; from this perspective, hempseed oil is clearly
an appropriate resource (10). Additionally, previous study
has demonstrated that an intracellular deficiency in essential
fatty acids plays a central role in the atherogenic process
(11). Therefore, we believed that hempseed might prove to
be a promising candidate for the anti-atherosclerotic effect.
Although several previous studies have attempted to
characterize the effects of dietary hempseed intake, its
effects on atherosclerotic heart disease have yet to be
thoroughly elucidated, owing to the political issues
surrounding its cultivation (12,13)
To study the pathophysiology of atherosclerosis, inbred
and genetically modified mice are being increasingly used.
In apolipoprotein E knockout (ApoE KO) mice, total
plasma cholesterol (TC), and triacylglycerol (TG)
spontaneously increase and conversely, HDL-cholesterol
(HDL-C) spontaneously decreases. The atherosclerotic
lesions forming in ApoE KO mice have been found to
evidence a morphology reminiscent of those in humans
(14). Therefore, to evaluate the effects of hempseed water
extract (HWE) on the anti-atherosclerotic effect, we used
ApoE KO mice for this experiment.

Materials and Methods
Preparation of hempseed extract Hempseed extract
was manufactured as described previously, with some
modifications (13). Hempseeds were washed and ground
using an electric grinder. The polar and nonpolar components
were extracted from the ground hempseeds with distilled
water and hexane, respectively. First, 100 g of ground
hempseed was dissolved in 300 mL of hexane. This solution
was then filtered through 0.45-µm Whatman nylon membrane
filters to divide the residues and extracted solutions. The
filtered residue was freeze-dried and mixed with 300 mL
of distilled water for extraction. Then, 2.5 g of dried
distilled water extract was dissolved in 50 mL of distilled
water. This hempseed water extract (HWE) was utilized in
further experiments.
Animal Six-week-old, male ApoE KO (B6.129P2Apoetm1Unc/J) mice, purchased from the Jackson Laboratory
(Bar Harbor, ME, USA) were used in all experiments. The
mice were bred and maintained at the Laboratory Animal
Facility in Konkuk University (Seoul, Korea). All mice
were housed on woodchip bedding with a 12 h light-dark
photocycle. The room temperature was controlled at
22±2oC with a relative humidity of 50±10%. The animals
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were fed a sterilized regular pellet (2918C; Harlan Teklad,
Madison, WI, USA) and had access to autoclaved water ad
libitum through drinking bottles. All procedures were
approved by Institutional Animal Care and Use Committee
of Konkuk University. The ApoE KO mice were divided
into 2 groups, the HWE inoculation group and distilled
water inoculation (control) group. Each group was composed
of 7 mice. The mice of each group were administered
300 µL of corresponding solution via intragastric inoculation
every day for 14 consecutive weeks. The body weights of
all mice were measured at weekly intervals.
Assessment of lipid accumulation in aortic sinus The
heart and major organs of each mouse were harvested and
washed in phosphated buffered saline (PBS). All hearts
were embedded in optimal cutting temperature (OCT)
compound and frozen in liquid nitrogen. For analysis of
aortic sinus plaque lesions, cryostat sections were stained
with oil red O and counterstained with hematoxylin. For
quantification of the plaque lesions in the aortic sinus,
images of each cryostat section were captured through a 10×
objective using a DP71 digital camera (BX51; Olympus,
Tokyo, Japan). Image analysis was conducted using
Metamorph version 7.5.6.0 software.
Oil red O staining A 0.5%(w/v) solution of oil red O in
2-propanol was prepared by heating the reagents to 56oC
for 1 h and then filtering them through filter paper. A
working solution was prepared via dilution of the stock
solution at a ratio of 3:2 with distilled water including 1%
dextrin. Prior to use, the working solution was filtered
through a 0.2-µm filter. Each cryosection was stained on a
slide for 30 min in oil red O working solution and quickly
rinsed in distilled water, then counterstained with hematoxylin
and returned to distilled water.
Blood sampling and biochemical analyses At the end
of the experiment, blood samples were obtained from mice
via the caudal vena cava under 1.25% Avertin anesthesia,
and sera were prepared via 10 min of centrifugation at
14,000×g. Analysis of serum biochemical parameters
including glutamic-oxaloacetic transaminase (GOT),
glutamic-pyruvic transaminase (GPT), TC, HDL-C, and
LDL-cholesterol (LDL-C) were determined using an
automated chemistry analyzer (Clinical Analyzer 7020;
Hitachi, Kobe, Japan). Then, the atherogenic index (AI)
and cardiac risk factor (CRF) were calculated via the
previous method (15).
TC – (HDL-C)
AI = ---------------------------------HDL-C
TC
CRF = -----------------HDL-C
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Cytokine enzyme-linked immunosorbent assay (ELISA)
The level of tumor necrosis factor (TNF)-α in serum a was
quantified by using commercially available sandwich
ELISA kits (eBioscience, San Diego, CA, USA). The
serum samples were diluted 1:3 in ELISA diluent buffer to
quantify mouse TNF-α level. TNF-α level was calculated
with reference to a standard curve. The detection limit of
TNF-α is 8 pg/mL.
Statistical analysis All results were expressed as means
±standard deviation (SD). Significant differences between
the groups were evaluated using unpaired Student’s t-test.
Data analysis was conducted using Prism 5 for Windows
software (Graphpad Software, Inc., San Diago, CA, USA).
A p-values of <0.05 were considered statistically significant.

Results and Discussion
Body weight changes The body weight changes over a
14-week period are shown in Fig. 1. Body weights generally
increased over time. The mice fed on HWE exhibited
greater weight gains than the control mice inoculated with
distilled water. However, there was no significant difference
in increase between both groups. The liver weights of the
control group did not differ significantly from that of the
HWE group (data not shown). Histopathological lesions in
the livers of both groups (data not shown) are observed.
These results indicate that HWE exerted no negative
effects on the liver. Therefore, this outcome might be 1
piece of evidence supporting the proposition that dietary
HWE ingestion is safe.
Hempseed has been used for thousands of years as an
excellent nutritional resource. Whole hempseed contains
protein, fat, carbohydrate, vitamin, and minerals. The
protein content of hempseed is the second only to that of
the soybean (16). Hempseed protein does not contain the
trypsin inhibitors and oligosaccharides found in soy. Thus,
hempseed protein is absorbed more easily and does not

Fig. 1. Body weight changes of ApoE KO mice for 14 weeks.
HWE, hempseed water extract. Data are expressed as the mean±
SD of 7 mice/group.

cause stomach upset or gas (17). Hempseed also provides
high-quality protein in the diet, due to the fact that the
amino acids of hempseed include all components required
for human health. Hempseed oil contains essential fatty
acids, including ω6, ω3, γ-linoleic acid, and phytosterol
(7,10). In previous studies, these fatty acids have been
shown to be extremely important for human health (18-20).
As mentioned previously, because hempseed is an excellent
nutrition source, the ingestion of dietary HWE results in
greater body weight gains as compared to the control
group.
Quantification of oil red O stain To quantify the results
of oil red O staining, the serial sections obtained between
the aortic valve and the aortic sinus were measured.
Representative oil red O stained aortic root sections from
ApoE KO mice are shown in Fig. 2. The cross-sectional
area of the lesion is smaller in the HWE group. Quantification
of the oil red O stained section of the aortic lesions in
ApoE KO mice is depicted in Fig. 3. The relative lipid
content was represented as a percentage of the oil red O
stained lesions found in the total area through the 10×

Fig. 2. Representative photomicrographs of the aortic sinus stained by oil red O in ApoE KO mice. A, control group; B, hempseed
water extract group
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Fig. 3. Quantification of oil red O stained section of aortic
lesions in ApoE KO mice. HWE, hempseed water extract. Data
are expressed as the mean±SD of 7 mice/group; *Significantly
different from control by unpaired Student’s t-test (p<0.05)

objective. The oil red O stained area was significantly
smaller in the HWE group than in the control group
(mean±SD: 6,386±3,699 µm2 in HWE group and 16,406
±1,654 µm2 in control group, p<0.05). These results indicate
that HWE effectively reduces atherosclerotic plaque
formation in the aortic sinuses of ApoE KO mice.
Atherosclerotic plaques are characterized by an abnormal
accumulation of circulating LDL particles within the artery
wall. This accumulation of LDL is an important initiation
factor in atherogenesis (21). LDL particles in the intima are
prone to oxidative modifications. Machrophage adhesion
to the subendothelium induced by oxidized LDL (OxLDL) results in the ingestion of cholesterol and transformation
into foam cells, the hallmark of early atherosclerosis (22).
The ω3, phytosterols, and vitamin E contained in hempseed
function to suppress these processes. The effect of ω3 in
atherosclerosis involves the reduction of LDL levels in
serum, the modulation of oxidative stress in macrophages,
and the stabilization of atherosclerotic plaque (23).
Phytosterols also reduce LDL levels in serum. As a result
of these reductions, phytosterols inhibit cardiovascular
disease, including atherosclesosis (19,24). Because oxidative
stress accelerates Ox-LDL formation, anti-oxidants have
been determined to prevent atherosclerosis (25). In previous
study, vitamin E evidences a protective effect against LDL
oxidation (26). Collectively, these results demonstrate that
HWE effectively inhibits atherosclerosis.

Serum biochemistry The concentrations of TC, HDL-C,
and LDL-C are provided in Table 1. In this study, serum
GOT concentration in the HWE mice was lower than that
in the control group. Serum GPT concentration between
the control and HWE group was identical (data not
shown). GOT and GPT are the enzymes that exist in the
liver and other organs. Their concentration in the blood is
maintained at constant levels due to normal cellular
destruction. If many cells of the liver and other organs are
damaged, these enzymes are secreted to the outside of cell.
The levels of enzymes are subsequently increased in the
serum (27). Therefore, HWE is harmless to the liver and
other organs compared with the control group.
Atherosclerotic disease and its complications are
associated with TC and LDL-C and are inversely associated
with HDL-C (28). An atherogenic lipid profile of diabetes
patients shows increased levels of TG and apolipoprotein
B, including a reduced level of HDL-C (29). A low
concentration of HDL-C is associated with an increase in
cardiovascular disease (30). Our data demonstrated that TC
in serum was higher in the control group than in the HWE
group (p=0.233). The level of HDL-C in serum was lower
in the control group than in the HWE group (p=0.188).
The level of LDL-C was lower in the HWE group than in
the control group (p=0.171). The proper balance of ω3 and
ω6, and the comparatively high phytosterols contained in
hempseed, could partially explain these results. In a previous
study, ω3 and phytosterols were shown to lower TC and
LDL-C in the serum. These components have been theorized
to lower the risk of atherosclerosis and cardiovascular
disease (23,24). Omega 6 also inhibits the inflammatory
response, which plays a key role in atherogenesis, via
metabolism to anti-inflammatory molecules, prostaglandins
and leukotrienes (31). Recently, ω6 has been shown to
lower plasma LDL levels and reduce the risk of
atherosclerosis when the ω6/ω3 ratio is low (32,33).
Additionally, the reduced AI and CRF observed in the
HWE group (Table 1) supports the previously mentioned
results. These results reflect the possibility that HWE
suppresses atherosclerosis and related diseases.
TNF-α production in serum Pro-inflammatory cytokine,
in particular TNF-α, play an important role in low-grade
systemic inflammatory condition in atherogenesis. When
expression of TNF-α was increased, atherosclerosis is
initiated and progressed (34). The level of TNF-α is shown

Table 1. Analysis of serum biochemistry, atherogenic index (AI), and cardiac risk factor (CRF)
Group
Control
HWE
1)

TC (mg/dL)

HDL-C (mg/dL)

LDL-C (mg/dL)

AI

CRF

26±6
31±5

100±21
077±26

26±13
16±60

27±13
17±60

1)

641±1271)
526±153

Data are expressed as the mean±SD of 7 mice/group.

Hempseed Water Extract Ameliorates Atherosclerosis

Fig. 4. Levels of TNF-α in serum of ApoE KO mice. HWE,
hempseed water extract. Data are expressed as the mean±SD of 7
mice/group; *Significantly different from control by unpaired
Student’s t-test (p<0.05)

in Fig. 4. The level of TNF-α in serum was higher in the
control group than in the HWE group (p<0.05). These
results could be explained partially by PUFAs contained in
hempseed. In previous studies, PUFAs have been known to
have anti-inflammatory properties (11,35,36).
In conclusion, our experiments demonstrate that dietary
HWE ingestion exerts an anti-atherosclerotic effect by
inducing a reduction in TC and LDL-C levels, regulating
oxidative stress, and inhibiting the inflammatory response.
Although further details of the pharmacological mechanism
underlying HWE’s effects remain to be elucidated, we
suggest that HWE may be a promising candidate for the
treatment of atherosclerosis, or may prove useful toward
the development of a novel anti-atherosclerotic treatment.
Acknowledgments This study was supported by the
Technology Development Program for Agriculture and
Forestry, Ministry for Agriculture, Forestry and Fisheries,
Republic of Korea, and supported by Konkuk University in
2010.

References
1. Dahlöf B. Cardiovascular disease risk factors: Epidemiology and
risk assessment. Am. J. Cardiol. 105: 3A-9A (2010)
2. Hansson GK. Inflammation, atherosclerosis, and coronary artery
disease. New Engl. J. Med. 352: 1685-1695 (2005)
3. Gordon PA, George J, Khamashta MA, Harats D, Hughes G,
Shoenfeld Y. Atherosclerosis and autoimmunity. Lupus 10: 249-252
(2001)
4. Gleissner CA, Leitinger N, Ley K. Effects of native and modified
low-density lipoproteins on monocyte recruitment in atherosclerosis.
Hypertension 50: 276-283 (2007)
5. Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of
cardiovascular diseases: Part I: General considerations, the
epidemiologic transition, risk factors, and impact of urbanization.
Circulation 104: 2746-2753 (2001)
6. Alexander RW. Inflammation and coronary artery disease. New

931
Engl. J. Med. 331: 468-469 (1994)
7. Callaway JC. Hempseed as a nutritional resource: An overview.
Euphytica 140: 65-72 (2004)
8. Deferne JL, Pate DW. Hemp seed oil: A source of valuable essential
fatty acids. J. Int. Hemp Assoc. 3: 4-7 (1996)
9. Nagaoka S, Sawada K, Fukumoto Y, Nagashima U, Katasumata S,
Mukai K. Mechanism of prooxidant reaction of vitamin E: Kinetic,
spectroscopic, and ab initio study of proton-transfer reactions. J.
Phys. Chem. 96: 6663-6668 (1992)
10. Matthäus B, Brühl L. Virgin hemp seed oil: An interesting niche
product. Eur. J. Lipid Sci. Tech. 110: 655-661 (2008)
11. Das UN. Essential fatty acids: Biochemistry, physiology, and
pathology. Biotechnol. J. 1: 420-439 (2006)
12. Rodriguez-Leyva D, Pierce GN. The cardiac and haemostatic
effects of dietary hempseed. Nutr. Metab. 7: 32 (2010)
13. Lee MJ, Park MS, Hwang S, Hong YK, Choi G, Suh YS, Han SY,
Kim D, Jeun J, Oh CT, Lee SJ, Han SJ, Kim D, Kim ES, Jeong G,
Cho KS. Dietary hempseed meal intake increases body growth and
shortens the larval stage via the upregulation of cell growth and
sterol levels in Drosophila melanogaster. Mol. Cell 30: 29-36 (2010)
14. Reddick RL, Zhang SH, Maeda N. Atherosclerosis in mice lacking
apo E. Evaluation of lesional development and progression.
Arterioscler. Thromb. 14: 141-147 (1994)
15. Kang SM, Shim JY, Hwang SJ, Hong SG, Jang HE, Park MH.
Effects of saengshik supplementation on health improvement in diet
induced hypercholesterolemic rats. J. Korean Soc. Food Sci. Nutr.
32: 906-912 (2003)
16. Callow J, Summers LK, Bradshaw H, Frayn KN. Changes in LDL
particle composition after the consumption of meals containing
different amounts and types of fat. Am. J. Clin. Nutr. 76: 345-350
(2002)
17. Avicenna. The Canon of Medicine. Kazi Publications, Chicago, IL,
USA. p. 65 (1999)
18. Holub DJ, Holub BJ. Omega-3 fatty acids from fish oils and
cardiovascular disease. Mol. Cell Biochem. 263: 217-225 (2004)
19. Miettinen TA, Gylling H. Plant stanol and sterol esters in prevention
of cardiovascular diseases. Ann. Med. 36: 126-134 (2004)
20. Prociuk M, Edel A, Gavel N, Deniset J, Ganguly R, Austria J,
Ander B, Lukas A, Pierce G. The effects of dietary hempseed on
cardiac ischemia/reperfusion injury in hypercholesterolemic rabbits.
Exp. Clin. Cardiol. 11: 198-205 (2006)
21. Skålén K, Gustafsson M, Rydberg EK, Hultén LM, Wiklund O,
Innerarity TL, Borén J. Subendothelial retention of atherogenic
lipoproteins in early atherosclerosis. Nature 417: 750-754 (2002)
22. Ross R. Atherosclerosis--An inflammatory disease. New Engl. J.
340: 115-126 (1999)
23. Wang HH, Hung TM, Wei J, Chiang AN. Fish oil increases
antioxidant enzyme activities in macrophages and reduces
atherosclerotic lesions in apoE-knockout mice. Cardiovasc. Res. 61:
169-176 (2004)
24. Patch CS, Tapsell LC, Williams PG, Gordon M. Plant sterols as
dietary adjuvants in the reduction of cardiovascular risk: Theory and
evidence. J. Vasc. Health Risk Manag. 2: 157-162 (2006)
25. Carew TE, Schwenke DC, Steinberg D. Antiatherogenic effect of
probucol unrelated to its hypocholesterolemic effect: Evidence that
antioxidants in vivo can selectively inhibit low density lipoprotein
degradation in macrophage-rich fatty streaks and slow the progression
of atherosclerosis in the Watanabe heritable hyperlipidemic rabbit. P.
Natl. Acad. Sci. USA 84: 7725-7729 (1987)
26. Princen HM, van Duyvenvoorde W, Buytenhek R, van der Laarse
A, van Poppel G, Gevers Leuven JA, van Hinsbergh VW.
Supplementation with low doses of vitamin E protects LDL from
lipid peroxidation in men and women. Arterioscl. Throm. Vas. 15:
325-333 (1995)
27. Osuga T, Mitamura K, Mashige F, Imai K. Evaluation of
fluorimetrically estimated serum bile acid in liver disease. Clin.
Chim. Acta 75: 81-90 (1997)
28. Choi BG, Vilahur G, Viles-Gonzalez JF, Badimon JJ. The role of
high-density lipoprotein cholesterol in atherothrombosis. Mt. Sinai
J. Med. 73: 690-701 (2006)

932
29. Saad MF, Grec S, Osei K, Lewin AJ, Edwards C, Nunez M,
Reinhardt RR. Ragaglitazone improves glycemic control and lipid
profile in type 2 diabetic subjects: A 12-weeks, double-blind,
placebo-controlled dose-ranging study with an open pioglitazone
arm. Diabetes Care 27: 1324-1329 (2004)
30. Barter PJ. High density lipoproteins and coronary heart disease.
Aust. NZ J. Med. 21: 299-301 (1991)
31. Kris-Etherton PM, Harris WS, Appel LJ. American Heart
Association. Nutrition Committee. Fish consumption, fish oil, ω-3
fatty acids, and cardiovascular disease. Circulation 106: 2747-2757
(2002)
32. Harris WS, Mozaffarian D, Rimm E, Kris-Etherton P, Rudel LL,
Appel LJ, Engler MM, Engler MB, Sacks F. Omega-6 fatty acids
and risk for cardiovascular disease: A science advisory from the
American Heart Association Nutrition Subcommittee of the Council

Seo et al.

33.
34.
35.
36.

on Nutrition, Physical Activity, and Metabolism; Council on
Cardiovascular Nursing; and Council on Epidemiology and
Prevention. Circulation 119: 902-907 (2009)
Simopoulos AP. The importance of the ω-6/ω-3 fatty acid ratio in
cardiovascular disease and other chronic diseases. Exp. Biol. Med.
233: 674-688 (2008)
Das UN. A defect in the activity of ω6 and ω5 desaturases may be a
factor in the initiation and progression of atherosclerosis. Prostag.
Leukotr. Ess. 76: 251-268 (2007)
Suresh Y, Das UN. Long-chain polyunsaturated fatty acids and
chemically induced diabetes mellitus: Effect of ω-6 fatty acids.
Nutrition 19: 93-114 (2003)
Suresh Y, Das UN. Long-chain polyunsaturated fatty acids and
chemically induced diabetes mellitus: Effect of ω-3 fatty acids.
Nutrition 19: 213-218 (2003)

