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ABSTRACT
Fitschen, P.J. Cardiovascular effects of black versus English walnut consumption. MS in
Biology, May 2010, 75pp. (M. Maher)
English walnuts have been shown to decrease cardiovascular disease risk;
however, black walnuts have not been studied for their cardioprotective effects. The
purpose of this study was to determine the effects of English versus black walnut
consumption on blood lipids, body weight, fatty acid composition of erythrocyte (red
blood cell, RBC) membranes, and endothelial cell function. Consumption of 30 g of
English walnuts per day for 30 days improved blood lipids; while the effects of black
walnuts were dependent upon gender. Addition of either nut to the diet did not result in
weight gain. The fatty acid composition of RBC membranes was favorably affected by
walnut consumption. RBC polyunsaturated fatty acids increased after consumption of
either type of nut, however, eicosapentanoic acid increased significantly more after
English walnut consumption. Endothelial function was maintained after consumption of
English walnuts with a high saturated fat meal; however, consumption of black walnuts
with the same meal did not maintain endothelial function. Overall, these results support
the recommendation that consumption of 1 oz of English walnuts per day may lower
cardiovascular risk, but more research on black walnut consumption is necessary before
an appropriate recommendation can be made.
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CHAPTER 1: EFFECTS OF BLACK VERSUS ENGLISH WALNUT
CONSUMPTION ON BLOOD LIPIDS AND BODY WEIGHT
Introduction
Cardiovascular disease and dyslipidemia
Cardiovascular disease (CVD) resulted in more than one third of deaths reported
in 2004, making it the leading cause of death in the United States. It is estimated that
over 80 million Americans have CVD and approximately one in two will die as a result
(Cardiovascular Disease Statistics, 2008). One of the main risk factors for CVD is
dyslipidemia, which is defined by the Center for Disease Control and Prevention (CDC)
as having total cholesterol greater than 200 mg/dl, low density lipoprotein (LDL) greater
than 130 mg/dl, and high density lipoprotein (HDL) less than 40 mg/dl (High Blood
Cholesterol Prevention, 2007). If dyslipidemia goes untreated, it can lead to endothelial
cell dysfunction, atherosclerosis, myocardial infarction, stroke, pulmonary embolism,
and/or death.
Current treatment of dyslipidemia includes many classes of drugs including the
most commonly used statins as well as bile acid sequestrants and fibrates. Statins inhibit
3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase, the rate limiting enzyme in
cholesterol synthesis, therefore, decreasing the amount of cholesterol produced by the
body (Voet et al., 2002). Recently, emphasis has been replaced on alterations to the diet,
rather than only drugs, to improve dyslipidemia, with suggested reduction of some foods
and consumption of others, such as nuts. In a recent study, Jenkins et al. (2005)
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compared the effects of a low saturated fat diet, a low saturated fat diet plus lovastatin, or
a diet high in “functional foods,” (foods high in plant sterols, fibers, soy and nut protein)
on cholesterol levels in hyperlipidemic subjects. They found that the functional food diet
decreased LDL by 29.6 percent (52 mg/dl) in four weeks, compared to the lovastatin
treatment reduction of 33.3 percent (61 mg/dl). The results of this study indicate that
changes through diet can be almost as effective as prescription drugs for improving blood
lipid levels and that the ability of dietary methods to improve dyslipidemia merits further
study.

Cardioprotective nutrients in nuts
Nuts are one of the many functional foods that have recently been studied for their
cardioprotective ability. Most nuts are high in monounsaturated fatty acids (MUFA);
however, walnuts differ from other tree nuts because they are high in polyunsaturated
fatty acids (PUFA) (Kris-Etherton & Yu, 1997). In studies of individual fatty acids, both
PUFA and MUFA have been shown to decrease LDL cholesterol while saturated and
trans-fatty acids have been shown to increase LDL cholesterol (Mensink et al., 2003;
Kris-Etherton & Yu, 1997). Nuts are also high in fiber, which has been shown to
improve plasma lipids by lowering total cholesterol and LDL by reducing the absorption
of dietary cholesterol and re-absorption of bile acids in the intestine (Almario et al., 2001;
Chen et al., 2008). Many nuts, including walnuts, also contain phytosterols, which have
been found to lower LDL by inhibiting cholesterol absorption in the intestine and
possibly cholesterol biosynthesis (Calpe-Berdial et al., 2008). It has also been speculated
that ellagic acid, found in high concentrations in walnuts, could potentially decrease
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cholesterol synthesis by inhibiting HMG-CoA reductase as statins do; however, further
studies need to be done to verify this claim (Devipriya et al., 2007).
In addition to the nutrients that directly improve lipoprotein levels, nuts also
contain nutrients that have other cardioprotective qualities. Some nuts are high in
antioxidant compounds including large amounts of tocopherols (vitamin E), tannins,
ellagic acid, and other polyphenols (Anderson et al., 2001; Devipriya et al., 2007). In
fact, one study revealed that English walnuts had a higher amount of total antioxidants
than 121 of 122 whole foods tested (Halvorsen et al., 2002). One of the proposed
cardiovascular benefits of walnut consumption is a decrease in LDL oxidation due to the
high antioxidant content of walnuts. Nuts are also high in arginine, a precursor of nitric
oxide (NO). Nitric oxide is a vasodilator that may also down-regulate adhesion molecule
expression, LDL uptake, and smooth muscle proliferation, all of which improve
endothelial function (Preli et al., 2001). Finally, nuts also contain folate, which may
lower the levels of homocysteine, a marker of inflammation (Brown & Hu, 2001).

Previous research on nut consumption and cholesterol
Nuts are foods that have recently been widely studied for cholesterol lowering
abilities. The first evidence of nut effects on cholesterol was observed in the Adventist
Health Study in 1992. Fraser et al. (1992) surveyed 31,208 non-Hispanic white
California Seventh-Day Adventists. They found that subjects who consumed nuts more
than four times per week experienced fewer fatal cardiovascular events. This led the
authors to suggest that nut consumption may protect against cardiovascular disease
possibly because of nut unsaturated fatty acid content. Since the findings of The
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Adventist Health Study, many researchers have looked into the effects of consumption of
specific nuts through controlled feeding studies. These studies have found that
consumption of almonds, macadamia nuts, pecans, pistachios, hazelnuts, and English
walnuts all improve the lipoprotein profile (Griel & Kris-Etherton, 2006).

Effects of English walnut consumption on blood lipids
The relationship of English walnuts and cardiovascular disease is the most studied
of all nuts. English walnuts, which contain omega-3 fatty acids, have been linked to
improved blood lipids and cardiovascular health. Numerous English walnut feeding trials
have found significant reductions in LDL and total cholesterol along with significant
increases in HDL with 1-2 oz of walnuts consumed daily for a 4-8 week period (Feldman,
2002; Banel & Hu, 2009). The subjects in these studies have included young, old,
healthy, overweight, dyslipidemic, men, and women (both pre- and post- menopausal),
and have been conducted in many different locations. Some studies had a specific diet
for the subjects to eat, while others had subjects eat walnuts in addition to their current
diet. Regardless of the amount of nuts, time of study, subject characteristics, or diet
conditions, almost all of the studies done with English walnut consumption have found
significant improvements in the blood lipid profile. For more specific details on studies
performed before 2002, see an excellent literature review by Feldman (2002). More
recently, additional studies have found similar changes in blood lipid levels after English
walnut consumption (Kearney et al., 2004; Ros et al., 2004; Zibaeenezhad et al., 2005;
Mortan et al., 2002; Munoz et al., 2001; Iwamoto et al., 2002; Tapsell et al., 2004). For a
more recent literature review of English walnut effects, see Banel and Hu (2009).
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Effects of nut consumption on body weight
Consumption of nuts has not been linked to weight gain despite increases in
caloric intake caused by the nut consumption (Banel & Hu, 2009). In fact, some studies,
including the California Adventist Study, actually found an inverse relationship between
frequency of nut consumption and body mass index (BMI) (Fraser et al., 1992; Natoli &
McCoy, 2007). The mechanism by which nuts do not increase body weight is not
completely understood; however, it has been hypothesized that nut consumption may
reduce appetite or that nuts have some component(s) that may compensate for the
increased energy intake, resulting in no change in body weight (Natoli & McCoy, 2007).
Other possible reasons why nuts are not associated with increases in BMI are: individuals
who consume more nuts are typically more active, obese people avoid nuts because of the
high fat content, and/or there may be fecal fat loss because of the incomplete digestion of
whole nuts (Sabaté, 2003). Thus, nuts have been shown to improve the lipoprotein
profile without increasing body weight.

English versus black walnuts
All of the previous studies have been done with English walnuts; black walnuts
have not been studied with regard to their cardiovascular or other health benefits.
English walnuts originated in Persia and were improved to produce a larger size and
quality nut by the Greeks. The trees were spread through Europe by the Romans and
were brought to America by Spanish missionaries who settled in California in the 1800s
(Malcolm, 2007). Today, California supplies 99% of the commercially produced English
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walnuts in the country (Boriss et al., 2006). The major commercial benefit of the English
walnut is its thinner easy-to-crack shell.
Black walnuts are native to North America and are found predominately in the
eastern United States. While a very meaty nut with a lot of flavor, black walnuts are hard
to crack and there is little commercial production or processing. Based on their color and
flavor, black walnuts may contain a significant amount of antioxidant chemicals that may
be further protective to the cardiovascular system. According to limited USDA food and
nutrition database information (2010), they also have a different fatty acid, antioxidant,
and amino acid content than their English walnut relatives.
The two types of walnuts also have numerous nutritional differences (Table 1).
English walnuts have larger amounts of PUFA, alpha linolenic acid, linoleic acid,
arginine and folate, while black walnuts contain larger amounts of phytosterols and
vitamin E (Table 1, USDA Food Nutrient Database 2010). Fiber is essentially equal
between the nuts and it is thought that the black walnuts contain additional non-nutritive
phytochemicals that may enhance their cardioprotective effects.
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Table 1. Key nutrient differences between 1 oz (28.35 g) English and black walnuts.
_______________________________________________________________________
Nutrient

English Walnuts

Black Walnuts

_______________________________________________________________________
Total PUFA

13.374 g

9.944 g

Linoleic Acid

10.799 g

9.376 g

Alpha Linolenic Acid

2.574 g

0.569 g

Fiber

1.9 g

1.9 g

Phytosterols

20 mg

31 mg

Tocopherol (Vit. E)

5.91 mg

8.07 mg

Arginine

1.026 g

0.646 g

Folate

28 mcg

9 mcg____________

Source: USDA Food and Nutrition Database, 2010
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Methods
Approval and nut donation
All human subject procedures involved written informed consent and were
approved by the University of Wisconsin-La Crosse Institutional Review Board for the
Protection of Human Subjects. Black walnuts were obtained through donations from
Michael Winfrey (Ettrick WI), Hammons Products Company (Stockton, MO), and Harry
Lundstrom (Unionville, VA). Thirty gram portions of black walnut meats were weighed
and placed in individual Ziploc® bags. Thirty gram portions of unsalted English
walnuts, purchased in bulk from the People’s Food Coop (La Crosse, WI), were also
placed in individual bags.

Walnut consumption cross-over study
Thirty-six subjects were recruited primarily through newspaper or flyer print
advertisements. Upon completion of written informed consent, subjects’ heights and
weights were measured. Medication and food frequency questionnaires were also
completed at this time. Subjects were randomly assigned to black or English walnuts and
were given and instructed to eat one 30 g bag of assigned nuts each day for 28-30 days.
Subjects were also informed to keep eating as usual and add the walnuts in addition to
their usual diet. Subjects were advised to eat the nuts daily and record any deviations, but
were not required to eat nuts at a specific time or in a specific context. A cross-over
portion of the study was done after a 12-week washout period. Twenty-nine subjects
switched to the other type of walnut and consumed one 30 g bag of the other nut each day
for 28-30 days. All subjects reported that nuts were eaten as directed and no other
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changes in the usual diet or medications occurred during the nut consumption. Venous
blood was drawn by trained phlebotomists into Vacutainer® clot activator/gel tubes (BD
Diagnostics, Franklin Lakes, NJ) from arm or hand veins in 12-hour fasted subjects
before and after 28-30 days of nut consumption. Body weight was also taken again at
this time. Blood lipids in serum samples were analyzed by spectrophotometry (cobas®
501, Roche Diagnostics), by technicians blind to subject condition, at Gundersen
Lutheran Medical Center Laboratory.

Statistics
The SPSS® Version 16.0 linear model with multivariate repeated measures
procedure was used with two within-subjects factors with two levels (pre and post nut
consumption and English or black nut type) and three between-subjects factors (gender,
nut order, and fatty acid supplement consumption) for the dependent variables (body
weight, LDL, HDL, total cholesterol, triglycerides and total cholesterol/HDL ratio).
Significant findings (p<0.05) with multivariate analysis were also analyzed by univariate
analysis. Data from subjects that did not crossover and complete the entire study was not
analyzed.

Results
Of the 36 subjects that began the study, 29 completed the entire crossover portion
of the study and were used for analyses. There were no significant differences in age,
number of subjects on cholesterol lowering medications or fatty acid supplements by nut
type (Table 2) or nut type by gender (Table 3). As expected, females had significantly
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Table 2. Subject characteristics: pre- and post-walnut consumption body weights and
cholesterol levels by nut type and overall.
Black walnuts

English walnuts

Overall

Number

29

29

58

AgeA

62.8 ± 2.1

62.8 ± 2.1

62.8 ± 1.4

Lipids Medication

8

8

16

SupplementB

13

13

26

Pre WeightA (lbs)

175.3 ± 6.9

Post WeightA (lbs)

174.4 ± 6.9

175.1 ± 6.8

174.8 ± 4.8

Pre TCA (mg/dl)

206.3 ± 4.4

209.4 ± 6.6

207.9 ± 3.9

Post TCA (mg/dl)

204.4 ± 6.1

205.3 ± 6.2

204.9 ± 4.3

Pre HDLA (mg/dl)

60.7 ± 3.1

61.4 ± 3.0

61.1 ± 2.2

Post HDLA (mg/dl)

60.7 ± 3.5

62.5 ± 2.9

61.6 ± 2.3

Pre LDLA (mg/dl)

120.7 ± 4.2

122.9 ± 5.8

121.8 ± 3.6

Post LDLA (mg/dl)

175.1 ± 6.9

116.9 ± 5.0

117.7 ± 5.6

175.2 ± 4.9

117.3 ± 3.7

Superscripts A: Values expressed as mean ± SEM, B: Number of fish oil and/or fatty acid
supplement users
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Table 3. Subject characteristics: pre- and post-walnut consumption body weights and
cholesterol levels by nut type and gender.

Number
AgeAB
Lipids
Medication
Fatty Acid
Supplement

BM

BF

EM

EF

13

16

13

16

60.5 ± 3.5

64.6 ± 2.4

60.5 ± 3.5

64.6 ± 2.4

3

5

3

5

5

8

5

8

Pre WeightAC

196.0 ± 10.5E

158.4 ± 7.0E

202.5 ± 9.4E

152.8 ± 5.7E

Post WeightAC

195.0 ± 10.7E

157.5 ± 7.0E

201.4 ± 9.7E

153.7 ± 5.3E

Pre TCAD

198.5 ± 5.0

212.6 ± 6.6

201.2 ± 12.7

216.1 ± 6.0

Post TCAD

189.5 ± 8.6

216.6 ± 7.6

198.8 ± 10.9

210.5 ± 6.9

Pre HDLAD
Post HDLAD

52.8 ± 3.3E
49.8 ± 3.7E

67.1 ± 4.4E

55.3 ± 3.6E

66.4 ± 4.4E

69.5 ± 4.6E

57.6 ± 3.7E

66.4 ± 4.3E

Pre LDLAD

120.6 ± 5.3

120.8 ± 6.5

119.8 ± 11.2

125.4 ± 5.7

Post LDLAD

111.1 ± 6.8

121.6 ± 7.2

114.1 ± 9.5

120.6 ± 6.7

BM = males who consumed black walnuts, BF = females who consumed black walnuts,
EM = males who consumed English walnuts, EF = females who consumed English
walnuts, Superscripts A = Values expressed as mean ± SEM, B = years, C = lbs, D =
mg/dl and E= Significantly different by gender (p<0.05)
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higher average HDL (p=0.027) than males and significantly lower average body weight
(p=0.001) than males.
After nut consumption, there was no significant difference in body weight (Table
2). Consumption of nuts resulted in reduced total cholesterol, increased HDL, and
decreased LDL (Figure 1). No main effects of nut type or gender or nut by gender
interactions were found with multivariate analysis.
However, a previous analysis of variance of pre- to post-change scores from all 65
nut trials (29 who crossed over and 7 who did not) revealed a significant nut by gender
interaction in total cholesterol (p<0.05), HDL (p<0.02), and LDL (p<0.05). Total
cholesterol, HDL, and LDL increased in women who consumed black walnuts and
decreased in men who consumed black walnuts (Figure 2). English walnut consumption,
regardless of gender, resulted in a decrease in total cholesterol and LDL. An increase in
HDL was seen in men who consumed English walnuts. Males who consumed black
walnuts had the largest decrease in LDL. There were no significant changes in
triglycerides or total cholesterol:HDL ratio (not shown).
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Figure 1. Change in total cholesterol, HDL, and LDL following 28-30 days of English
and black walnut consumption (pooled data).

13

Figure 2. Change in total cholesterol, HDL, and LDL after 28-30 days of walnut
consumption. BM=males who consumed black walnuts, BF=females who consumed
black walnuts, EM=males who consumed English walnuts, and EF=females who
consumed English walnuts.
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Discussion
English walnuts have been shown to decrease total cholesterol, increase HDL, and
decrease LDL in numerous studies (Feldman, 2002; Banel & Hu, 2009; Kearney et al.,
2004; Ros et al., 2004; Zibaeenezhad et al., 2005; Mortan et al., 2002; Munoz et al.,
2001; Iwamoto et al., 2002; Tapsell et al., 2004). The mechanism by which these nuts
improve the lipoprotein profile is thought to be due to their high polyunsaturated fatty
acid (especially alpha linolenic acid), fiber, phytosterols and ellagic acid content, all of
which have been shown to improve the lipoprotein profile (Kris-Etherton & Yu, 1997;
Mensink et al., 2003; Almario et al., 2001; Chen et al., 2008; Calpe-Berdial et al., 2008;
Devipriya et al., 2007). In this study, English walnut consumption resulted in decreased
total cholesterol, increased HDL and decreased LDL, however, none of these changes
were significant using multivariate analysis (p=0.354). While this trend supported
previous observations, the amount of change in these variables was smaller than in
previous English walnut consumption studies (Freeman, 2002; Banel & Hu, 2009). The
changes were also far less than a statin drug, which has been shown to decrease LDL by
61 mg/dl in 4 weeks (Jenkins et al., 2005).
There are many factors that may have reduced lipoprotein changes in this study
versus others. The dose of nuts (30 g) and length of feeding (28-30 days) in this study
were at the low end of what has been done previously (Feldman, 2002; Banel & Hu,
2009). Many previous studies also controlled diet; however, others have not and diet was
not controlled in the present study (Feldman, 2002; Banal & Hu, 2009). Also, subjects in
this study were not denied participation if taking fatty acid supplements or cholesterol
lowering medications. Instead, subjects were instructed to continue consuming
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medications, supplements, and foods as they had been previously and add the walnuts in
addition to usual intake. Although these factors may have resulted in smaller changes in
lipoprotein measurements for those already taking such corrective measures, our effects
may be more representative of a real-life scenario in which a person adds a handful of
nuts per day to improve blood lipids, while keeping medication and eating habits
relatively constant.
Black walnuts have not been previously studied for their cardiovascular benefits.
The nutritional profiles of the nuts vary and it is thought that black walnuts contain more
phytochemicals than English walnuts due to their rich color and flavor (USDA Food
Nutrient Database). Although repeated measures multivariate analysis did not reveal any
significant changes due to consumption of either nut, ANOVA of change scores revealed
interesting gender by nut interactions. Total cholesterol, HDL, and LDL decreased in
males and increased in females with black walnuts. This significant gender difference
suggests that there may be different substances present in the black versus English
walnuts that affect liver production and/or peripheral tissue clearance of lipoproteins.
There are many compounds in black walnuts that need to be tested further in order to
determine and further define a potential gender effect.
Phytoestrogens including daidzein, genistein, and lignan, have been found in
walnuts and, through their interaction with estrogen receptors, may be able to affect the
lipid profile (Mazur, 1998; Deroo & Korach, 2006). Urolithins A and B, produced from
colon microflora metabolism of ellagic acid have also been show to have estrogen
receptor binding ability; however, production of these metabolites may depend on an
individual’s microflora (Larrosa et al., 2006). A study by our collaborators Wilson et al.
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(2009) has also found a large number of polyphenolic compounds in both black and
English walnuts that merit further investigation for effects on blood lipid metabolism.
Consumption of either type of nut did not result in a significant change in body
weight, supporting previous English walnut findings and suggesting that black walnut
consumption may also result in lipoprotein changes without changes in body weight
(Fraser et al., 1992; Natoli & McCoy, 2007). Perhaps high fat and calorie nuts do not
increase body weight because they have a satiating effect and lower intake of other foods;
however, this has not yet been established (Natoli & McCoy, 2007). Regardless of the
mechanism, consumption of both English and black walnuts without instruction to
decrease or replace any other food(s) resulted in changes in blood lipids without affecting
body weight.
This study demonstrates the importance of assessing gender differences in diet
studies prior to making any general conclusions or recommendations. Limitations of this
study included reliance on subjects’ accurate reporting and maintenance of typical diets
and medications, as well as shorter duration of nut consumption compared with previous
studies. In addition, the diversity of the subject pool with regard to age, gender, and
medication/supplements taken for dyslipidemia likely added to variability and possibly
reduced detection of significant effects. Overall, addition of 1 oz of walnuts daily to the
diet may improve blood lipid profiles without weight gain, but gender influences on the
direction and degree of the effect require further study.
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CHAPTER 2: EFFECTS OF BLACK VERSUS ENGLISH WALNUT
CONSUMPTION ON THE FATTY ACID COMPOSITION OF ERYTHROCYTE
MEMBRANES
Introduction
Fatty acid analysis of erythrocyte membranes and disease risk
Red blood cells (RBC), also known as erythrocytes, are constantly produced in
the bone marrow and circulate for 90 to 120 days before elimination. Recently, there has
been increased interest in studying the changes of RBC membrane fatty acid
compositions as surrogates for less obtainable body cells, such as neurons. The
composition of RBC membranes has been shown to reflect changes in fatty acid intake in
the diet (Sarkkinen et al., 1994) and has also been correlated to disease risk. Erythrocyte
membrane fatty acid analysis has also been shown to be a superior method to plasma
analysis in determining fatty acid consumption in the diet because RBC membranes
reflect fatty acid intake over a period of months, rather than just a few days (Fuhrman et
al., 2006). In a study comparing RBC membranes with muscle cell membranes,
researchers found correlations in fatty acid composition. The strongest correlations were
seen in palmitic (16:0), linoleic (18:2n-6), arachidonic acid (AA, 20:4n-6),
eicosapentanoic acid (EPA, 20:5n-3), and docosahexanoic acid (DHA, 22:5n-3) (Felton
et al., 2004) (For information on fatty acid nomenclature, see Appendix 1). This was a
significant finding because it meant with a simple blood sample and determination of
RBC membrane fatty acid composition, one could also estimate the composition of other
cell membranes in the body.
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Since discovering that RBC membrane composition reflects dietary consumption
and can be indicative of other cells’ membrane fatty acid compositions, researchers have
begun to look more closely at correlations in RBC fatty acid composition in disease
states. In a study performed to determine the correlation of RBC membrane fatty acid
composition with coronary heart disease, Lausada et al. (2007) compared the membranes
of patients with advanced coronary heart disease to normolipidemic healthy subjects.
They found that the heart disease patients had significantly higher amounts of saturated
fatty acids (SFA) and significantly lower amounts of polyunsaturated fatty acids (PUFA)
in their RBC membranes than the normolipidemic subjects. A similar study looked at the
correlation between RBC membranes and type 2 diabetic subjects, most of which were
also hypercholesterolemic. They found that the RBC membranes of the diabetic subjects
also had increased amounts of SFA and decreased amounts of PUFA when compared to
normal healthy subjects; with one exception. Arachidonic acid (ARA), an omega-6
PUFA that serves as a substrate for the production of cell signaling molecules, was also
increased in diabetic patients (Bakan et al., 2006).
In addition to cardiovascular disease, decreases in RBC membrane long chain
omega-3 PUFA, such as eicosapentanoic acid (EPA) and docosahexanoic acid (DHA),
have also been correlated with cancer, diabetes, cystic fibrosis, Crohn’s disease, multiple
sclerosis, Alzheimer’s disease, depression, and schizophrenia (Zamaria, 2004).
Decreases in long chain PUFA in RBC membranes have also been associated with
smoking and obesity, both of which are risk factors for many of the previously mentioned
diseases (Cazzola et al., 2004; Zamaria, 2004). The correlations between diseases and
RBC membrane fatty acid composition need to be studied with a larger number of
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subjects and, if indicated, with randomized controlled trials; however, preliminary
findings indicate that RBC membrane fatty acid composition may be useful to monitor
the progression of disease and effectiveness of and compliance with dietary interventions.
Recently, use of RBC membrane fatty acid composition has been proposed as a
risk factor to monitor for coronary heart disease. Since EPA and DHA in RBC
membranes decrease in diseased states, these biomarkers would be used to calculate the
percentage EPA and DHA contained in the cell membranes, the so-called “Omega-3
Index” (Harris & von Schacky, 2004). Upon review of the literature, Harris & von
Schacky (2004) have proposed that an omega-3 index of greater than or equal to eight
percent of fatty acids in erythrocyte membranes is associated with decreased risk of
cardiovascular disease. As of this time, the omega-3 index is not an accepted measure in
the determination of cardiovascular risk or disease and more research needs to be done on
its sensitivity and specificity before it is accepted and widely used.

Proposed mechanism of possible effects of walnuts on erythrocyte membranes
Fatty acid composition of RBC membranes may be altered through dietary
consumption (Sarkkinen et al., 1994). Consumption of long chain PUFA may lead to
incorporation of PUFA into RBC and other membranes of the body (Felton et al., 2004).
Increases in PUFA in membranes are correlated with decreased risk of cardiovascular
disease (Cazzola et al., 2004; Zamaria, 2004). Walnuts may decrease cardiovascular risk
because they contain large amounts of alpha linolenic acid, a PUFA that can slowly be
converted into EPA and incorporated into membranes (Davis & Kris-Etherton, 2003).
Omega-6 (ARA) and omega-3 (EPA & DHA) fatty acids can be used as substrate for
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production of cell signaling molecules, but the eicosanoids produced by each, and their
biological potencies and effects, vary. Arachidonic acid increases generation of
thromboxane A2, a platelet aggregator and vasoconstrictor that promotes decreased blood
flow, while eicosanoids produced from EPA promote vasodilation and increased blood
flow (Hu et al., 1999). These effects may reflect the increased ARA and decreased EPA
in RBC membranes observed among diabetic and hypercholesterolemic patients (Bakan
et al., 2006). Risks of these diseases may decrease if more omega-3 and long chain
PUFA are consumed and incorporated into membranes. Since walnuts have high
concentrations of omega-3 and omega-6 PUFA, determination of the effects of walnut
consumption on the fatty acid composition of RBC membranes may provide insight into
other less studied mechanisms for cardiovascular disease prevention and management.

Previous English walnut research
The effects of English walnut consumption on serum fatty acids have been
previously studied. Almario et al. (2001) found increased amounts of linoleic and alpha
linolenic acid in serum lipids of subjects who consumed 48 g walnuts per day for eight
weeks. A significant decrease was also observed in 16:0, 18:1 n-9, and 20:4. Iwamoto et
al. (2002) also observed similar changes after consumption of a diet in which walnuts
replaced 50 percent of fat for four weeks. Similar changes have also been observed in
LDL particles following 41-56 g walnuts per day for six weeks (Muñoz et al., 2001).
Many of the previous studies have used serum or plasma fatty acid analysis;
however, this technique does not accurately monitor long-term effects of consumption as
does erythrocyte membrane fatty acid analysis (Fuhrman et al., 2006). To date, only one
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known study has looked at the effects of English walnut consumption on fatty acid
composition of erythrocyte membranes. Rajaram et al. (2009) performed a crossover
study in which they fed subjects one of three diets for four weeks: a diet that contained
1.5 oz walnuts per day, six days a week; a diet that contained two fatty fish meals per
week; or a control diet that did not contain foods high in omega-3 fatty acids. The walnut
diet resulted in the greatest amount of PUFA, linoleic acid and alpha linolenic acid in the
membrane. The fish diet resulted in the greatest amount of EPA and DHA. The EPA in
the walnut diet was also slightly increased from the control diet, but there was no
difference in DHA. The small increase in EPA in the walnut diet may be due to the slow
conversion of linolenic acid to EPA (Rajaram et al., 2009; Davis & Kris-Etherton, 2003).
This would explain why EPA increased slightly even though walnuts do not have a
significant amount of EPA.
Rajaram et al. (2009) found significant changes in erythrocyte membrane
composition, but their study has limitations. The wash out period between treatments
was a “weekend break between diet periods” (Rajaram et al. 2009). This period may not
have been a long enough washout because RBC membrane fatty acid composition
reflects diet over a period of months (Fuhrman et al., 2006). While the results were
significant and expected, they may have been influenced by previous treatments due to
lack of an adequate wash out period.

Black walnut consumption and erythrocyte membrane fatty acids
Black walnuts have not been studied for their effects on fatty acid composition of
RBC membranes. These nuts contain less linoleic (18:2) and alpha linolenic (18:3) acid
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than English walnuts, which may result in less of an effect on membrane composition
(USDA Food Nutrient Database). However, black walnuts may contain other nonnutritive chemicals that may influence incorporation of PUFA into RBC membranes.
The purpose of this study was to determine the effects of English and black walnut
consumption on erythrocyte membrane fatty acid composition with an adequate (12
week) washout period between treatments.

Methods
Sample collection
Blood of subjects from the crossover study (Chapter 1) were used for RBC
analysis. Venous blood was drawn by trained phlebotomists into Vacutainer® EDTA
tubes (BD Diagnostics, Franklin Lakes, NJ) from arm or hand veins in 12-hour fasted
subjects before and after 28-30 days of nut consumption, at the same time as blood was
collected for cholesterol analysis. The tubes were spun at 5000 x g for 5 min. The
plasma (top) layer was removed and the RBC (bottom) layer was transferred to
microfuge tubes and stored at -80 °C until analyzed.

Analysis
Fatty acid composition of red blood cell membranes was analyzed with the fatty
acid methyl ester (FAME) procedure and Agilent 6850 Series II gas chromatograph
(Agilent Technologies, La Jolla, CA). Samples were prepared using solid and liquid
reagents from Sigma Aldrich (St. Louis, MO) and gas reagents from Airgas (Waterloo,
IA) unless otherwise specified. Three hundred µL of subject red blood cell samples was
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combined with 1 mL of 0.9% cold saline, 3 mL of CH3Cl: MeOH (1:2), and 40 µg 2diheptadecanoyl-sn-glycero-3-phosphorylcholine (internal control, Matreya LLC #1400,
Pleasant Gap, PA). The solution was vortexed and incubated on ice for 20 minutes in the
dark. Two hundred µL saturated NaCl and 1 mL chloroform was added to each sample.
The samples were vortexed, incubated on ice in the dark for 10 min, and then centrifuged
at 900 rpm for 4 min for phase separation. The chloroform (bottom) layer, containing the
lipids, was transferred to a new tube and evaporated to dryness under nitrogen gas with
the N-Evap system (Organomation Associates Inc., Berlin, MA). While drying, a second
extraction was performed by adding 200 µL saturated NaCl and 1 mL chloroform to the
previous tubes. The sample was incubated and centrifuged as done previously. The
chloroform layer was transferred to the tubes already drying. Once dry, the fatty acids
were saponified in 400 µL 0.5 N NaOH/MeOH, capped tightly, vortexed and incubated
for 15 min at 86 °C. Once cool, 1 mL BF3 in methanol was added and the tubes were
capped tightly, vortexed and incubated at 86 °C for 15 min for methylation. Once cool, 1
mL 0.7 N HCl in MeOH was added for neutralization. Two mL hexane and 2 mL
saturated NaCl were then added. The samples were vortexed, allowed to sit for 5 min at
room temperature, and then centrifuged at 900 rpm for 4 min for phase separation. The
hexane (top) layer was transferred to a new tube and evaporated to dryness under
nitrogen gas. While drying, 2 mL hexane and 1 mL saturated NaCl was added to the
previous tubes. The tubes were vortexed, allowed to sit at room temp, and centrifuged as
described previously. The hexane layer was transferred to the tubes already drying under
nitrogen gas. Once dry, 200 µL hexane was added to re-suspend the fatty acid methyl
esters. The FAME samples were vortexed, transferred to v-vials (National Scientific
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Company #C4012-10, Rockwood, TN), capped and frozen until injected into the gas
chromatograph (GC). All samples were run on the GC within 36 hours of preparation.
The samples were analyzed on the GC for the relative amounts of the following
fatty acids: 14:0, 16:0, 16:1, 18:0, 18:1 n-9, 18:1 n-7, 18:2, 20:3, 20:4, 20:5, 22:4, 22:5,
and 22:6. The first number of the fatty acid name is the total number of carbons in the
fatty acid. The number after the colon is the number of double bonds in the fatty acid.
The n- number tells the position of the first double bond from the methyl end of the fatty
acid. One µL was auto-injected into the GC. The inlet was split with H2 gas at a ratio of
40.0:1. The split flow was 73.6 mL/min and the total flow was 83.0 mL/min. Inlet
temperature and pressure were held at 270 ºC and 23 PSI, respectively. A DB-23 column
(60 m x 250 µm x 0.15 µm, Agilent Technologies, La Jolla, CA) was held at a constant
pressure of 23 PSI. The column flow was 1.8 mL/min and the average velocity was 45
cm/sec. The oven temperature was held at 130 ºC for 1 min. The temperature was
ramped 6.50 ºC/min to 170 ºC and then 2.50 ºC/min to 215 ºC, which was held for 12
min. To clean off the column, the oven was ramped 40.00 ºC/min to 230 ºC and held for
3 min. The total run time was approximately 40.53 min. The detector was held at 280 ºC
with an H2 flow of 40.0mL/min, air flow of 450 mL/min, and make up gas flow (N2) of
40.0 mL/min. The data was analyzed at 50 Hz and reported in pA.
For quality assurance and quality control, the samples were run in random order.
Approximately 80 percent of samples were in duplicate, 10 percent were selected at
random and run in procedural triplicate, and 10 percent were selected at random and run
in analytical triplicate. Hexane blanks were run before and after each set of samples. An
internal standard, 2-diheptadecanoyl-sn-glycero-3-phosphorylcholine (internal control,
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Matreya LLC #1400, Pleasant Gap, PA) was added to each sample. A set of fatty acid
standards (Nu-Chek Prep Inc. #461 or 68B, Elysian, MN) were run with each set of
samples. Fatty acids were identified using retention times from the fatty acid standards.
Limits of quantification were determined by running 8 consecutive hexane blanks. The
first run was dropped and the baseline remaining 7 runs were averaged at each time point
in which a fatty acid peak appears. Ten standard deviations were added to the average at
each fatty acid time point to determine the limit of quantification for all 13 fatty acids
analyzed (Table 4).

Statistics
The SPSS® Version 16.0 linear model with multivariate repeated measures
procedure was used with two within-subjects factors with two levels (pre and post nut
consumption and English and black walnut type) and three between-subjects factors
(gender, order, and fatty acid supplement consumption) for the dependent variables (14:0,
16:0, 16:1, 18:0, 18:1 n-9, 18:1 n-7, 18:2, 20:3, 20:4, 20:5, 22:4, 22:5, 22:6, total
saturated fatty acids, total unsaturated fatty acids, total monounsaturated fatty acids, total
polyunsaturated fatty acids, and omega-3 index). Significant findings (p<0.05) with
multivariate analysis were also analyzed by univariate analysis. Data from subjects that
did not complete the crossover study was not included in the multivariate analysis.

Results
Of the 36 subjects that participated in the cholesterol study, 29 completed the
entire crossover portion of the study and were used for fatty acid analysis of erythrocyte
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Table 4. Limit of quantification and percent coefficient of variance of the fatty acid peaks
analyzed.
Fatty Acid

Limit of Quantification
(pA)

Procedural VarianceA
(% CV)

Analytical VarianceB
(% CV)

14,0

7.51

8.01

1.11

16,0

7.49

1.19

0.32

16,1

7.44

13.2

1.59

18,0

7.71

3.82

0.20

18,1 n-9

7.67

1.25

0.36

18,1 n-7

7.56

2.53

2.87

18,2

7.46

4.54

0.37

20,3

9.03

3.50

1.28

20,4

8.41

2.97

0.24

20,5

8.81

9.52

1.78

22,4

10.85

7.52

1.20

22,5

11.50

8.78

2.91

22,6

12.10

4.74

1.45

Superscripts A: Procedural variance calculated as average percent coefficient of variance
for the 10 percent of samples run in procedural triplicate. B: Analytical variance
calculated as average percent coefficient of variance for the 10 percent of samples run in
analytical triplicate.
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membranes. As mentioned previously, there were no significant differences in age,
gender, or number of subjects taking cholesterol lowering medications or fatty acid
supplements (Table 2, Table 3). There were also no significant differences in pre-nut
consumption in any saturated fatty acid (Table 5), monounsaturated fatty acid (Table 6),
or polyunsaturated fatty acid (Table 7) between nut type (crossover trials).
Individuals who consumed a fatty acid supplement (fish oil, DHA, EPA, or
essential fatty acids) prior to, and during, the study had a significant difference in fatty
acid composition than those who were not taking the supplements (p=0.028, Figure 3).
Significantly lower 18:1 n-9 (p=0.017), 20:4 (p=0.029), 22:4 (p=0.001), and near
significantly lower 16:1 (p=0.084) was found in erythrocyte membranes of subjects who
were consuming fatty acid supplements. Significantly higher 20:5 (p<0.001), 22:5
(p=0.003), and 22:6 (p=0.005) were also observed in subjects who consumed fatty acid
supplements.
Regardless of nut type, a significant change in membrane fatty acid composition
with consumption was observed (p=0.015, Figure 4). A significant decrease in 16:0
(p=0.006), 18:1 n-9 (p=0.002), 18:1 n-7 (p=0.041), and 20:3 (p<0.001) was observed
after consumption of either type of walnut. A significant increase in linoleic acid (18:2,
p<0.001) was also observed after nut consumption, regardless of nut type. A significant
decrease in monounsaturated fatty acids (p=0.002) and a significant increase in
polyunsaturated fatty acids (p=0.044) was also observed after nut consumption regardless
of nut type (Figure 5). No significant difference was observed in total saturated fatty
acids with nut consumption (p=0.310).
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Table 5. Saturated fatty acid compositions of erythrocyte membranes pre- and postEnglish or black walnut consumption and overall.
	
  
Fatty acids	
  

Percent of membrane fatty acid composition
(mean ± SEM)
Black walnuts

English walnuts

Total

14:0 Pre

0.493 ± 0.031

0.457 ± 0.033

0.475 ± 0.023

14:0 Post

0.479 ± 0.041

0.430 ± 0.026

0.455 ± 0.024

16:0 Pre

23.101 ± 0.171A

22.980 ± 0.154A

23.040 ± 0.114A

16:0 Post

22.555 ± 0.172A

22.535 ± 0.193A

22.545 ± 0.128A

18:0 Pre

14.489 ± 0.358

14.551 ± 0.342

14.519 ± 0.245

18:0 Post

14.183 ± 0.339

14.822 ± 0.331

14.502 ± 0.239

Total saturated fat
Pre

38.083 ± 0.441

37.987 ± 0.367

38.035 ± 0.284

37.787 ± 0.436

37.502 ± 0.294

Total saturated fat Post

37.217 ± 0.396

Superscript A: Significantly different pre to post (p<0.05)
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Table 6. Monounsaturated fatty acid compositions of erythrocyte membranes pre- and
post-English or black walnut consumption and overall.

Fatty acids

Percent of membrane fatty acid composition
(mean ± SEM)
Black walnuts

English walnuts

Total

16:1 Pre

0.580 ± 0.043

0.609 ± 0.055

0.595 ± 0.347

16:1 Post

0.590 ± 0.062B

0.484 ± 0.047B

0.537 ± 0.039

18:1 n-9 Pre

14.780 ± 0.203

14.814 ± 0.228

14.797 ± 0.151A

18:1 n-9 Post

14.501 ± 0.213 C

14.101 ± 0.197 C

14.301 ± 0.146A

18:1 n-7 Pre

1.005 ± 0.028

1.035 ± 0.216

1.020 ± 0.018A

18:1 n-7 Post

0.976 ± 0.027

0.984 ± 0.024

0.980 ± 0.018A

Total MUFA Pre

16.366 ± 0.229

16.458 ± 0.267

16.412 ± 0.174A

Total MUFA Post

16.066 ± 0.252 B

15.568 ± 0.221 B

15.817 ± 0.169A

Superscripts A: Significantly different pre to post (p<0.05), B: Significantly different by
nut type (p<0.05), C: Near significantly different by nut type (p<0.1)
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Table 7. Polyunsaturated fatty acid compositions of erythrocyte membranes pre- and
post-English or black walnut consumption and overall.

Fatty acids

Percent of membrane fatty acid composition
(mean ± SEM)
Black walnuts

English walnuts

Total

18:2 Pre

15.870 ± 0.296

16.209 ± 0.422

16.039 ± 0.256A

18:2 Post

17.539 ± 0.454

17.345 ± 0.605

17.442 ± 0.375A

20:3 Pre

1.838 ± 0.058

1.814 ± 0.064

1.826 ± 0.043A

20:3 Post

1.750 ± 0.059

1.679 ± 0.056

1.715 ± 0.041A

20:4 Pre

16.705 ± 0.297

16.413 ± 0.324

16.559 ± 0.219

20:4 Post

16.644 ± 0.294

16.416 ± 0.271

16.530 ± 0.199

20:5 Pre

0.819 ± 0.096

0.656 ± 0.084

0.738 ± 0.064

20:5 Post

0.634 ± 0.097B

0.841 ± 0.081B

0.737 ± 0.064

22:4 Pre

3.115 ± 0.139

3.206 ± 0.127

3.160 ± 0.093

22:4 Post

3.052 ± 0.147

3.104 ± 0.139

3.078 ± 0.100

22:5 Pre

2.470 ± 0.068

2.431 ± 0.080

2.451 ± 0.052

22:5 Post

2.325 ± 0.079

2.506 ± 0.114

2.415 ± 0.070

22:6 Pre

4.764 ± 0.271

4.653 ± 0.193

4.709 ± 0.165

22:6 Post

4.769 ± 0.264

4.750 ± 0.241

4.760 ± 0.177

Total PUFA Pre

45.580 ± 0.520

45.379 ± 0.536

45.480 ± 0.370A

Total PUFA Post

46.711 ± 0.441

46.640 ± 0.466

46.676 ± 0.318A

Omega 3 Index Pre

5.583 ± 0.346

5.307 ± 0.252

5.445 ± 0.213

Omega 3 Index Post

5.402 ± 0.333

5.591 ± 0.305

5.496 ± 0.224

Superscripts A: Significantly different pre to post (p<0.05), B: Significantly different by
nut type (p<0.05)
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Figure 3. Initial fatty acid percent composition of erythrocyte membranes with or without
fatty acid supplements. FA=fatty acid
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Figure 4. Changes in percent composition of erythrocyte membrane fatty acids pre- and
post- nut consumption after English or black walnut consumption (pooled data).
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Figure 5. Changes in percent composition of erythrocyte membranes following 28-30
days of English or black walnut consumption (pooled data).

34

Nut type significantly affected the fatty acid composition of erythrocyte
membranes over time (p=0.015, Figure 6). English walnut consumption resulted in a
significant decrease in 16:1 (p=0.041), while black walnuts resulted in no change. Nut
type had a near significant effect (p=0.083) on the degree to which 18:1 n-9 decreased.
18:1 n-9 decreased more with English walnuts consumption than with black walnut
consumption. Eicosapentanoic acid decreased with black walnut consumption, but
increased with English walnut consumption (p=0.001). Changes in membrane
composition of all other individual fatty acids analyzed were not significantly affected by
nut type. The degree to which monounsaturated fatty acids decreased over time was
affected by nut type (p=0.033, Figure 7). Monounsaturated fatty acids decreased
significantly more following English walnut consumption than following black walnut
consumption. Changes in relative amounts of total saturated fatty acids (p=0.304) and
total polyunsaturated fatty acids (p=0.956) were not significantly affected by nut type.
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Figure 6. Changes in fatty acid composition of erythrocyte membranes pre- to postEnglish and black walnut consumption. EW=English walnuts, BW=black walnuts.
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Figure 7. Percent composition of monounsaturated fatty acids in erythrocyte membranes
pre- and post- English and black walnut consumption. BW1=pre-black walnuts,
BW2=post-black walnuts, EW1=pre-black walnuts, EW2=post-black walnuts
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Discussion
Effects of fatty acid supplementation on the fatty acid composition of erythrocytes
Fatty acid composition of erythrocyte membranes has been correlated with dietary
fatty acid intake (Sarkkinen et al., 1994). Dietary intake of long chain polyunsaturated
fatty acids has been correlated with decreased risks of many diseases including
cardiovascular disease (Cazzola et al., 2004; Zamaria, 2004). In the search for a
cardiovascular disease treatment, many foods have been studied for their effects on
membrane composition. The effects of fish and fish oil on erythrocyte membranes have
been widely studied. Rajaram et al. (2009) and Sands et al. (2005) found significant
correlations between fish intake and the amount of long chain polyunsaturated fats in the
membrane. Harris and von Schacky (2004) also found a correlation between dose of
EPA and DHA and their relative amounts in erythrocyte membranes.
In this study, subjects who were taking a fatty acid supplement (fish oil,
DHA/EPA, DHA, or essential fatty acids) had significantly higher levels of EPA and
DHA in their erythrocyte membranes throughout the study. Arachidonic Acid (20:4),
18:1 n-9, and 22:4 were significantly lower in subjects consuming fatty acid supplements.
The higher amounts of EPA and lower amounts of arachidonic acid may result in
production of heart healthy eicosanoids and an increase in the omega-3 index which may
result in a decreased risk of cardiovascular disease in the subjects consuming fatty acid
supplements if RBC membranes reflect those of other cells (Cazzola et al. 2004; Zamaria
2004; Davis & Kris-Etherton 2003).
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Effects of walnuts on the fatty acid composition of erythrocyte membranes
At the present time, only one known study by Rajaram et al. (2009) has looked at
the effect of English walnut consumption on fatty acid composition of erythrocyte
membranes. They found that consumption of 1.5 oz of English walnuts six days a week
for four weeks significantly increased the 18:2 and 18:3 in the membrane. In the present
study, after consumption of 30 g of either English or black walnuts daily, there was a
significant increase in 18:2, the most abundant fatty acid in walnuts (Food and Nutrition
Database, 2010). The significant increase in 18:2 resulted in a significant decrease in
16:0, 18:1 n-9, 18:1 n-7, and 20:3. Overall, this intervention significantly increased total
polyunsaturated fatty acids (PUFA) and significantly decreased total monounsaturated
fatty acids (MUFA), which was also observed by Rajaram et al. (2009). Interestingly,
neither this study nor Rajaram et al. (2009) observed a significant change in total
saturated fatty acids after walnut consumption. The increase in total PUFA observed in
both studies may result in a reduced risk of cardiovascular disease, diabetes, and many
other diseases (Cazzola et al., 2004; Zamaria, 2004).
The effects of English or black walnut consumption on fatty acid composition of
erythrocyte membranes were significantly different by nut type. English walnut
consumption resulted in a decrease in 16:1, 18:1 n-9 and total MUFA. However, black
walnut consumption resulted in significantly different changes in these fatty acids. There
was no change in 16:1, a smaller decrease in 18:1 n-9 and an overall smaller decrease in
total MUFA with black walnut consumption. Polyunsaturated fatty acids increased
slightly more with English walnut consumption; however, this difference was not
significant. The most notable significant difference between the two nuts was the effect
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on EPA which slightly increased with English walnut consumption, but slightly
decreased with black walnut consumption. However, neither nut resulted in a significant
change in DHA.
The changes in fatty acid composition following English walnut consumption
supports previous findings that English walnut consumption resulted in a slight increase
in EPA due to a slow conversion of alpha linolenic acid to EPA (Davis & Kris-Etherton,
2003). DHA did not increase in this or previous studies because of an extremely low
conversion rate from linolenic acid to DHA (Davis & Kris-Etherton, 2003). The
differences in membrane EPA composition observed with English vs. black walnut
consumption may also result in differences in cardiovascular effects because the
increased EPA with English walnut consumption can be used as substrate for eicosanoid
production (Hu et al., 1999). Thus, consumption of English walnuts may result in
production of more heart healthy eicosanoids than black walnuts; however, since there
was only a slight increase in EPA with English walnut consumption, it is unclear if this
small change will result in significant changes in eicosanoid production in cells other
than RBC.

Significance of findings
The findings of the present study are significant for many reasons. First, many
changes in fatty acid composition observed in this study correlated with previous studies
on the effects of English walnut consumption (Rajaram et al. 2009). Second, these
changes in fatty acid composition were observed with a lower dose of walnuts than in
previous studies and without requiring subjects to consume a specific diet. Third, black
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walnuts had not previously been studied for their effects on the fatty acid composition of
erythrocyte membranes. Increases in PUFA regardless of nut type indicated that
consumption of black walnuts may also have some of the same cardioprotective effects as
English walnuts. Finally, this study indicated differences in the effects of black and
English walnut consumption on fatty acid composition of erythrocyte membranes,
specifically in the changes in EPA; however, it is unclear if the small increase in EPA
after English walnut consumption is physiologically significant.
Limitations of this study included uncontrolled, although reported, variations in
subject diets and medications. The long amount of time between blood draws and sample
analysis, in which samples were stored at -80 ºC and were subjected to thawing and
refreezing due to freezer malfunction, was also a limitation because it may have led to
sample degradation. Because of this degradation, alpha linolenic acid (18:3) content of
walnuts was not reliably detectable due to the small amounts found in erythrocyte
membranes. It can be assumed that 18:3 increased after walnut consumption because it is
the second most abundant fatty acid in English walnuts; however, further research needs
to be done using fresher samples to investigate this claim (USDA Food Nutrient
Database). Further research also needs to be done on the effects of long term
consumption of English or black walnuts in order to determine if the changes in fatty acid
consumption are actually correlated with fewer cardiovascular incidents. Overall, this
study indicates that consumption of 1 oz of either English or black walnuts per day may
reduce the risk of cardiovascular disease through improvement of cell membrane fatty
acid profile; however, differences in the effects of nut type on changes in fatty acid
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composition of erythrocyte membranes and long term effects of walnut consumption still
need to be studied.
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CHAPTER 3: EFFECTS OF A HIGH SATURATED FAT MEAL INCLUDING
BLACK OR ENGLISH WALNUTS ON ENDOTHELIAL CELL FUNCTION
Introduction
Endothelial dysfunction
The vascular endothelium contributes to control of vascular tone, blood clotting,
and inflammatory state. In normal conditions, vascular tone is maintained, inappropriate
blood clots are inhibited, and there is no inflammation. However, this phenotype changes
in individuals with endothelial dysfunction. Endothelial dysfunction is a term that relates
to a broad change in endothelial phenotype and can be caused by many factors such as
dyslipidemia, hypertension, diabetes, smoking and obesity (Widlansky et al., 2003).
Through impaired vascular tone, increased blood clotting, and inflammation, chronic
endothelial dysfunction can lead to atherosclerosis and ultimately the adverse events of
cardiovascular disease.

Progression of atherosclerosis
Atherosclerosis results from chronic inflammation of the blood vessel wall,
leading to further endothelial dysfunction (Johansen et al., 1999). The process of
atherosclerosis typically begins with endothelial injury and/or when LDL is oxidized and
begins to accumulate in the sub-endothelial space. In response, the endothelium upregulates production of pro-inflammatory cytokines as well as surface and soluble cell
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adhesion molecules including P-selectin, E-selectin, vascular cell adhesion molecule-1
(VCAM-1), and intercellular adhesion molecule-1 (ICAM-1; Brown & Hu, 2001). The
adhesion molecules bind to monocytes which are transferred into the sub-endothelial
space and become activated macrophages. Once activated, macrophages avidly uptake
oxidized LDL and form foam cells that secrete inflammatory and growth factors that
promote smooth muscle proliferation, migration, and collagen matrix production leading
to plaque formation on the arterial wall (Frei, 1995; Vogel et al., 1998). This plaque
leads to hardening of the arteries, a further decrease in endothelial function, and can be
deadly if it breaks off and plugs a smaller artery or narrows the artery and promotes clot
formation.

Measurement of endothelial function
Many methods have been used to measure changes in endothelial function;
however, the most common is flow-mediated dilation of the brachial artery after
occlusion. Vasodilation after occlusion is indicative of endothelial health and function
and has been shown to closely relate to the state of the coronary circulation (Anderson et
al., 1995; West, 2001). The measurement technique is done by placing a cuff on the
upper arm or forearm and occluding blood flow for a period of 4-5 minutes. Ultrasound
is used to measure the change in dilation after the cuff pressure has been released (Peretz
et al., 2007). The difference in brachial artery diameters after and before occlusion is
divided by the brachial artery diameter before occlusion and multiplied by 100% and
expressed as percent dilation. For a healthy individual, the change is usually 8-10 percent
dilation (West, 2001). Through this method, the effects of specific treatments on

44

endothelial function can be studied by viewing differences in percent dilation after
occlusion.

Mechanisms for improvement of endothelial function
The endothelium maintains proper vascular tone through autonomic nervous
system stimulation as well as from endocrine, autocrine, and paracrine hormones, making
it the body’s largest endocrine organ. Many cardiovascular disease factors such as
smoking, obesity, diabetes and high levels of LDL, as previously described, lead to
atherosclerosis by impairing the ability to maintain proper vascular tone and leading to
endothelial dysfunction. Researchers have recently found that endothelial dysfunction is
reversible and affected by diet, which has lead to numerous studies on the effects of
consumption of specific nutrients, including antioxidants; specific fatty acids; arginine;
and folate, on endothelial function (Vogel et al., 1998 and Brown & Hu, 2001).
Numerous studies have been done on the effects of antioxidants on the
progression of atherosclerosis. Antioxidants inhibit the progression of atherosclerosis by
decreasing the oxidation of LDL, thus preventing the secretion of adhesion molecules and
ultimately foam cell formation. While there has been some inconclusive evidence, most
studies have found improvements in flow-mediated vasodilation after consumption of
vitamin E; however, vitamin C and carotenoids have not shown improvements (Willcox
et al., 2008). The effects of vitamin E have been attributed to its inhibition of LDL
oxidation (Brown & Hu., 2001).
Fatty acids, particularly unsaturated fatty acids, which have been shown to lower
cholesterol levels, have been studied for their effects on endothelial function. The
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predominant fatty acids that have been studied are polyunsaturated fatty acids (PUFA), in
particular, alpha linolenic acid (ALA), eicosapentanoic acid (EPA), and docosahexanoic
acid (DHA), which are known to prevent atherosclerosis by other mechanisms as well.
Alpha linolenic acid has been found to decrease cell adhesion molecules. This decreases
the ability of monocytes to migrate into the subendothelial space, where they pick up
oxidized LDL and form foam cells (Zhao et al., 2007 and Brown & Hu, 2001). The
downside to an increase in these long-chain PUFA is that PUFA are more prone to
oxidation than MUFA or saturated fats because of the higher degree of unsaturation
(Berry et al., 1991). This may lead to an increase in LDL oxidation, which promotes
atherosclerosis; however, it has been found that when increases in PUFA are
accompanied with increases in antioxidants, an increase in oxidation is not observed and
risk of fatal heart attack is further decreased (Zambon et al., 2000 and Hu et al., 1999).
Thus, increases in long chain PUFA help to improve endothelial function when
accompanied by a concurrent increase in antioxidants.
There is also evidence that ALA inhibits pro-inflammatory cytokine production,
decreasing inflammation (Zhao et al., 2007). Pro-inflammatory cytokine gene expression
is regulated by nuclear factor κB (NF-κB), a transcription factor. Binding sites for NFκB have been found near the promoter regions of interleukin-6 (IL-6), interleukin-1 (IL1), and tumor necrosis factor-α (TNF- α) genes (Zhao et al., 2007). An in vitro
experiment found that ALA decreased the DNA binding ability of NF-κB in THP-1 cells
leading to decreased transcription of IL-6, IL-1, and TNF- α (Zhao et al., 2005). A
decrease in these pro-inflammatory cytokines may lead to a decrease in inflammation and
an increased ability of the vasculature to properly maintain vascular tone.
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Alpha linolenic acid can also be slowly converted to EPA and even more slowly
to DHA (Davis & Kris-Etherton, 2003). Eicosapentanoic acid can compete with
arachidonic acid (ARA), an omega-6 PUFA, for incorporation into cell membrane
phospholipids where they can be used as substrates for the production of eicosanoids,
which allow cells to communicate with each other. Typically eicosanoids are made from
ARA; however, they can also be made from EPA when it is found in increased
concentrations in the cell membrane. Increases in EPA and DHA in the membrane have
been shown to decrease blood clotting and increase vasodilation, which results in reduced
cardiovascular risk (Kinsella et al., 1990).
Arginine is used as a precursor for nitric oxide (NO), a vasodilator produced by
nitric oxide synthase (NOS) in the endothelium that has recently been studied for its
effects on proper endothelial function. In addition to being a vasodilator, NO has also
been found to down-regulate adhesion molecule expression, LDL uptake, and smooth
muscle proliferation, all of which improve endothelial function (Preli et al., 2002).
Arginine consumption has been shown to increase vasodilation, and thus arginine should
be considered an important amino acid in the prevention against atherosclerosis.
Nitric oxide synthase activity is reduced in hypercholesterolemia. Recently it has
been discovered that this happens by competitive inhibition of arginine by asymmetric
dimethylarginine (ADMA) (Juonala et al., 2007). ADMA has been found to be elevated
in hypertension, hypercholesterolemia, type 2 diabetes mellitus, and
hyperhomocysteinemia, and has recently been found to be an independent risk factor for
coronary heart disease (Schulze et al., 2006). A study done on the relationship between
ADMA and flow mediated vasodilation in subjects with severe hypercholesterolemia
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found that ADMA levels are inversely correlated with the ability of blood vessels to
dilate (Vladimirova-Kitova et al., 2008). As of this date, it is not known if ADMA can be
decreased through the diet and dietary effects on ADMA need to be determined.
Homocysteine is an intermediate in the metabolism of methionine to cysteine and,
as stated previously, high levels are associated with increased ADMA (Schultze et al.,
2006). Increased levels of homocysteine in the blood are most commonly caused by a
deficiency of B vitamins, especially folate, which are needed as enzyme cofactors in the
pathway (Brown & Hu, 2001). It is proposed that the increased levels of homocysteine
lead to endothelial dysfunction through inhibition of endothelial NOS, promotion of proinflammatory cytokine production, and/or endoplasmic reticulum stress ultimately
leading to apoptosis, programmed cell death (Austin et al., 2004). Correlations between
folate consumption and decreases in homocysteine have been controversial and merit
further investigation (Brown & Hu, 2001).

Effects of English walnut consumption on endothelial dysfunction
Walnuts are high in antioxidants, ALA, arginine, and folate, making these nuts an
ideal food to study the effects of dietary intervention on endothelial function (Ros, 2009).
Two known studies have been performed to determine correlation between walnut
consumption and endothelial function. Ros et al. (2004) were the first to study effects of
walnut consumption on endothelial function. They had subjects consume a diet in which
either walnuts or olive oil replaced 32 percent of the energy from monounsaturated fat for
four weeks. Fasting endothelial function was measured using ultrasound measurements
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of brachial artery vasomotor function. They found that the walnut diet improved
vasodilation and blood flow.
Cortes et al. (2006) looked at the effects of addition of either 40 g walnuts or olive
oil to a meal high in saturated fat. A high saturated fat meal was used because it had been
shown to decrease vasodilation in response to occlusion, particularly in subjects who
were hypercholesterolemic (Brown & Hu, 2001). Participants’ endothelial function was
measured before and four hours after each meal. Cortes et al. (2006) found that in normal
healthy subjects there was no significant difference in either group; however, in
hypercholesterolemic subjects, the walnut meal increased vasodilation while the olive oil
meal decreased vasodilation. These findings suggest that English walnuts have additional
cardiovascular benefits beyond lipoprotein improvements. The purpose of the present
study was to replicate the study by Cortes et al. (2006) using English walnuts and to
determine if consumption of black walnuts resulted in favorable changes in endothelial
function.

Methods
Study methods
Six hypercholesterolemic subjects (defined in this case as LDL >130 mg/dL),
who were not currently on cholesterol lowering medication were recruited by print
advertisement and reviewed and signed IRB approved informed consent. Serum was
collected for an initial blood lipid screen, as described previously, after a 12-hour fast
with all potential subjects to confirm hypercholesterolemia.
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On two separate days at least one week apart, hypercholesterolemic subjects were
instructed to fast starting at 9 pm the night before and eat a breakfast consisting of cereal,
skim or 1% -fat milk, and their usual beverage (with no cream) at 7 am on the morning of
each study appointment. Subjects arrived at the University of Wisconsin - La Crosse
Student Health Center at approximately noon for measurement of flow-mediated
vasodilation of the brachial artery approximately as described by Corretti et al (2001).
Brachial artery diameter and blood flow rate were measured before cuff occlusion and
between 60-90 seconds after release of cuff pressure following 4.5 minutes of cuff
occlusion. Occlusion pressure applied was 50 mmHg above subject systolic blood
pressure measured earlier the same day. All ultrasound measurements were conducted
by a family practice clinical investigator, Dr. Brian Allen, who was blind to nut
condition, with a General Electric (GE) LOGIQ Ultrasound Recorder (GE Healthcare
Technologies, Waukesha, WI). Four sites in each longitudinal section recording were
measured and averaged (Figure 8). The percentage difference between before and after
occlusion brachial artery diameters was calculated.
After the vasodilation test, subjects ate a meal containing a 75 g salami and 50 g
cheddar cheese sandwich on 100 g white bread smeared with 2 tsp butter along with 125
g 10% fat yogurt and 40 grams of either black or English walnuts. This high saturated
fat meal was used because previous research has shown that it decreases flow-mediated
vasodilation, especially in hypercholesterolemic subjects (Cortes et al., 2006 and Brown
& Hu, 2001). Subjects were sent home or back to work andadvised to limit physical
activity for the afternoon. They returned at 4 pm at which time another brachial artery
vasodilation test was performed. Changes in vasodilation (before and after occlusion
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Figure 8. Sample ultrasonagrams of the brachial artery. Ultrasound recording and
diameter measurement tools are shown on the left. Ultrasound recording and flow
measurement tools are shown on the right.
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diameters) of the brachial artery pre- to post-nut consumption of each type of nut were
analyzed.

Statistics
The SPSS® Version 16.0 was used for all statistical analysis. Paired t-tests using
before to after meal percent vasodilation scores were used to compare the effects of the
high saturated fat meal including English or black walnuts on percent dilation and flow
rate. A p<0.05 value was considered significant.

Results
Of the nine subjects that were pre-screened, six were qualified and completed
both the English walnut and black walnut consumption portions of the study. There were
no significant initial differences between percent vasodilation in response to occlusion or
flow rate (Table 8). The effects of the high fat meal on vasodilation in response to
occlusion significantly differed by nut type (p<0.02). After consumption of the high
saturated fat meal containing black walnuts, endothelial function significantly decreased
(p<0.02). After consumption of the same high-fat meal containing English walnuts, there
was no significant change in percent dilation (Figure 9). No significant differences were
observed in flow rates pre- or post- dilation at either before or after meal (Table 7).
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Table 8. Subject characteristics and measurements separated by nut type.
Black walnuts

English walnuts

6

6

Age

48.2 ± 2.0

48.2 ± 2.0

BMI

33.1 ± 2.7

33.1 ± 2.7

Number

Total cholesterol (mg/dl)

229.8 ± 7.1

229.8 ± 7.1

LDL (mg/dl)

156.0 ± 4.3

156.0 ± 4.3

13.5 ± 3.2

9.8 ± 2.1

Before-meal dilation (%)

4.7 ± 2.0A

After-meal dilation (%)

8.5 ± 1.7A

Before meal pre-dilation flow (cm/s)

79.6 ± 7.5

81.7 ± 7.3

Before meal post-dilation flow (cm/s)

83.8 ± 6.9

83.6 ± 11.5

After meal pre-dilation flow (cm/s)

87.8 ± 7.9

84.1 ± 10.8

After meal post-dilation flow (cm/s)

87.4 ± 6.1

82.6 ± 13.7

Values expressed as mean ± SEM, Superscript A: Significantly different by nut type
(p<0.05)
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Figure 9. Changes in percent dilation (after meal percent dilation – before meal percent
dilation) after a high saturated fat meal and English or black walnuts. BW=black
walnuts, EW= English walnuts.
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Discussion
In this study, endothelial function was maintained in nonmedicated
hypercholesterolemic subjects following consumption of English walnuts and a meal high
in saturated fat. A meal high in saturated fat has been shown to decrease vasodilation in
response to occlusion in hypercholesterolemic subjects; however, due to the high
amounts of antioxidants, polyunsaturated fats, folate, and arginine in English walnuts,
they are able to counter the impairment in endothelial function (Cortés et al., 2006; Ros et
al., 2004; Ros, 2009; Brown & Hu, 2001). Vasodilation has been shown to increase
following English walnut consumption in previous studies by Cortés et al. (2006) and
Ros et al. (2004), however, in this study, this increase was not observed. In the present
study, no significant change was observed following a high saturated fat meal including
English walnuts. This finding is still significant because high saturated fat meal, without
English walnuts, has been shown to decrease vasodilation (Brown & Hu, 2001; Cortés et
al., 2006). Thus, consumption of English walnuts by hypercholesterolemic individuals
may help maintain proper endothelial function.
English walnuts have been shown to improve endothelial function, however,
black walnuts have not been previously studied for their effects on endothelial function.
In this study, consumption of black walnuts in addition to a high saturated fat meal
significantly decreased vasodilation in response to occlusion. Since vasodilation in
response to occlusion is decreased following consumption of a high saturated fat meal, it
is assumed that black walnuts do not favorably affect endothelial function (Brown & Hu,
2001).
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Black and English walnuts differed significantly in their effect on endothelial
function (p<0.02). This may be attributed to the numerous nutritional differences
between the nuts. English walnuts contain more alpha linolenic acid, arginine, and folate
than black walnuts (Food and Nutrition Database, 2010). A sister study by Wilson et al.
(2009) also found that English walnuts have nearly 10 times as much antioxidant capacity
as black walnuts. These nutritional differences suggest that English walnut consumption
should result in more improvements in endothelial function than black walnut
consumption and explains the differences observed in the present study (Ros, 2009).
Limitations of this study included a low subject number due to strict qualifications
of being under the age of 60, hypercholesterolemic, not on cholesterol medication, and
not hypertensive. Another limitation was that the ultrasound technique to measure
brachial artery function is highly user-specific; however, possible error was reduced by
having the same trained individual performing all of the measurements. The average
before meal percent vasodilation of the black walnut trial was greater than that reported
in the literature for even normal individuals, but was within the normal range for the
English walnut trial. Order of the meals was randomized, the ultrasound practitioner was
blind to the nut treatment, and these were the same individuals on different days, so this
calls into question whether there is significant variation with method or within
individuals. There was also no control group to observe the effects of a high saturated fat
meal without walnuts; however, all subjects completed both treatments and previous
research has shown a decrease in flow mediated vasodilation in response to occlusion and
with a high fat meal in hypercholesterolemic subjects (Brown & Hu, 2001; Cortés et al.,
2006). Finally, this study was limited because subjects were allowed to go home or to
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work between meal consumption and the post meal measurements. Although they were
instructed to not do any physical activity or eat any food, and reported they followed
instructions, there was no way to monitor subject activities during this time.
Overall, this study reinforces studies showing that a single high saturated fat meal
may impair vascular function. In addition, when English walnuts were consumed with a
high saturated fat meal, endothelial function was maintained. Black walnuts did not
improve endothelial function, which is explainable due to nutritional differences between
the nuts. Thus, adding English walnuts to the diet may help maintain endothelial function
when it is challenged by conditions such as a high saturated fat meal. Future research
needs to be done on the effects of specific nutrients on the dilation response and on the
effects of long term walnut consumption on endothelial function.
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APPENDIX A
COMMON FATTY ACID NAMES

Table 9. Key fatty acid isomeric and common names.
Isomeric name
# carbons: #double bonds
n-1st double bond from methyl end

Common name (abbreviations)

14:0

Myristic Acid

16:0

Palmitic Acid

16:1

Palmitoleic Acid

18:0

Stearic Acid

18:1 n-9

Oleic Acid

18:1 n-7

Vaccenic Acid

18:2 n-6

Linoleic Acid (LA)

18:3 n-3

Alpha-Linolenic Acid (ALA)

20:3

Eicosatrienoic Acid

20:4 n-6

Arachidonic Acid (ARA)

20:5 n-3

Eicosapentanoic Acid (EPA)

22:4

Adrenic Acid

22:5

Docosapentanoic Acid (DPA)

22:6 n-3

Docosahexanoic Acid (DHA)
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