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Abstract

Aims—Consumption of a high-fat diet has been demonstrated to promote endothelial
dysfunction, possibly through an increase in lipid peroxidation and decrease in serum nitric oxide.
The present study was designed to investigate whether consumption of a hamburger cooked with a
polyphenol-rich spice mixture will reduce postprandial lipid oxidation and endothelial dysfunction
in men with Type 2 diabetes.

Methods—Twenty-two subjects consumed burgers cooked with salt only (control burger) or with
salt and spice mix (spice burger) in randomized order. The postprandial concentration of urinary
malondialdehyde and nitrate/nitrite as well as the peripheral arterial tonometry score were
determined.

Results—Eighteen subjects completed the study. Postprandial serum glucose, insulin and
triglyceride concentrations were similar in all subjects after control burger or spice burger
consumption. Urine malondialdehyde excretion in mmol/g creatinine was reduced by 31% (P<
0.001) after consuming the spice burger compared with the control burger. Two hours after
consumption of the burgers, the peripheral arterial tonometry score was significantly different
between control burger consumption (=9.7 £ 21.5%) and spice burger consumption (+18.0 +
42.4%) (P= 0.025). Mean urinary nitrate/nitrite concentrations in urine collected during the 6 h
after consumption of the control burger was 9.09 + 5.7 mmol/g creatinine, but 12.37 + 7.00
mmol/g creatinine after the spice burger (P= 0.053).

Conclusion—Adding a spice mix to hamburger meat prior to cooking resulted in a reduction in
urinary malondialdehyde, an increase in urinary nitrate/nitrite and improvement of postprandial
endothelial dysfunction in men with Type 2 diabetes. Therefore, cooking a hamburger with a
polyphenol-rich spice mixture may lead to potential cardiovascular benefits in patients with Type 2
diabetes mellitus.
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Introduction

Polyphenols are the largest group of secondary metabolites produced by plants, mainly, in
response to biotic or abiotic stresses such as infections, injuries, ultraviolet irradiation,
exposure to ozone, pollutants and other hostile environmental conditions. These phenolic
compounds are one of the main class of biologically active components of spices, aromas,
essential oils and traditional medicines [1]. Among commonly eaten foods, spices have the
highest known concentrations of antioxidant and anti-inflammatory compounds.

Over the past 20 years, the pathophysiological role of oxidized lipids, in the development of
atherosclerosis, has been demonstrated in both basic and clinical studies [2]. The use of
antioxidants from dietary sources, including herbs and spices, to prevent lipid oxidation has
been proposed as an adjunct to other preventive measures, such as achieving and
maintaining a healthy body weight and controlling blood cholesterol levels. In addition to
their antioxidant activity, polyphenols may also contribute to cardiovascular health by
improving the endothelial control of vascular tone. For example, spices have been shown to
induce nitric oxide-mediated endothelium-dependent relaxation of isolated arteries [3].
Recently, we reported that the production of malondialdehyde in burgers was reduced by
71% when a spice mix was added prior to cooking. We also demonstrated a decrease in
plasma and urinary malondialdehyde in healthy study participants consuming the burgers
prepared with a spice mix compared with burger prepared with salt only [4].

High-calorie meals rich in saturated fat can lead to transient elevations in serum triglycerides
and insulin [5]. This condition, termed postprandial dysmetabolism, generates excess free
radicals (or reactive oxygen species). The ensuing oxidative stress triggers a biochemical
cascade throughout the circulation, inducing inflammation and endothelial dysfunction.
These postprandial changes, when repeated multiple times each day, can create a milieu
conducive to the development of atherosclerotic risk factors and coronary heart disease, the
main cause of morbidity and mortality in the Western world. Several hypotheses have been
articulated to explain the initiating events in atherosclerosis, but its pathogenesis seems to be
multifactorial, including effects of postprandial oxidized lipids [6-9].

Type 2 diabetes mellitus is a major risk factor for atherosclerosis and it is known that a high-
fat meal can induce both oxidant and inflammatory stress [10,11]. Patients with Type 2
diabetes exhibit exaggerated and prolonged postprandial lipidaemia [12]. It has been shown
that fatty meals induce decreases in endothelial function and oxidative stress is greater in
subjects with Type 2 diabetes than healthy controls [12]. The present study was designed to
investigate whether spice polyphenols reduce the intestinal and systemic formation of
cytotoxic lipid peroxidation products and increase nitric oxide formation, thereby leading to
improved endothelial vascular function in men with Type 2 diabetes.

Subjects and methods

The study protocol was approved by the University of California Los Angeles (UCLA)
Institutional Review Board. All subjects gave written informed consent prior to any study
procedures being conducted. The study utilized a randomized crossover design. Subjects
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consumed, in a random order, two different test meals consisting of either: (1) ground beef
seasoned with salt, or (2) ground beef seasoned with the spice mixture. The test meal and
spice mix used are the same as described previously [4]; i.e. 11.25 g spice mix (cloves 4%,
cinnamon 4%, oregano 26%, rosemary 4%, ginger 11%, black pepper 7%, paprika 30% and
garlic powder 13%) and 2.5 g of salt were mixed with 250 g ground beef (10% fat).

Study participants

Twenty-two participants were recruited to the study with the following characteristics: 35—
70 years of age, a diagnosis of Type 2 diabetes being treated with oral agents, HbA. level <
9.0% at screening, or with a diagnosis of impaired glucose tolerance on no medications with
a fasting blood sugar > 6.1 mol/l, but less than 7.0 mmol/l and BMI > 25 kg/m2. Candidates
were excluded if they were taking dietary supplements, smoked > 1 cigarette/day, exercised
heavily (> 4 x 30 min of aerobic exercise/week), drank more than two glasses of wine, two
cocktails or two beers/day, or were taking anti-inflammatory medications and steroids.
Eighteen participants finished the intervention. Concomitant medication is described in
Table 2.

Study protocol

Eligible participants were asked to avoid eating meat, poultry or fish products for 3 days
before the day of each of the two experimental visits. Participants arrived at the UCLA
Center for Human Nutrition after fasting for 10 h. Fasting blood glucose was tested and only
the participants with blood glucose between 5 and 11.1 mmol/l proceeded. Participants with
fasting glucose out of this range were rescheduled and excluded if the repeat visit still had an
out-of-range fasting glucose level. On the intervention day, after an indwelling catheter was
inserted into the vein of the forearm and a blood sample was taken, the first measurement of
peripheral arterial tonometry was performed. The study participants either consumed the
control or spice burger in a randomized order on two separate days 1 week apart.
Participants were asked to finish eating within 30 min. For subjects who routinely took
metformin in the morning, the usual dose of metformin was given just before the
consumption of the test hamburger and all other diabetes medication were withheld on the
test day.

Blood samples were drawn again at 1, 2, 3, 4, 5 and 6 h after the meal for insulin, glucose,
triglyceride and nitrate/nitrite analyses. Peripheral arterial tonometry was repeated after 2 h.
Participants were recruited at two different time periods. Only for participants in the second
group, urine was collected in a 2-1 container for 6 h after the meal. Urine volume was
recorded and aliquots were taken for analysis of malondialdehyde and creatinine.

Biochemical analysis

Ethylene-diaminetetraacetic acid (EDTA) plasma and serum were separated from whole
blood by centrifugation (910 g, 15 min), frozen and kept at -80 °C pending
malondialdehyde and nitrate/nitrite determination (< 1 week). Serum insulin concentration
was determined using the Siemens Immulite Chemiluminescence Immunoassay System
(Siemens Healthcare Diagnostics, Dallas, TX, USA). This assay is a solid-phase, two-site
chemiluminescent immunometric assay using beads coated with monoclonal murine anti-
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insulin antibody. Interassay coefficient of variation for insulin: 5.9% (0.29 pmol/l), 7.0%
(3.4 pmol/l). Serum glucose was determined using the Cayman Glucose Assay kit (Cayman
Chemical Company, Ann Arbor, MI, USA) based on a colorimetric determination using the
glucose oxidase-peroxide reaction. Serum triglyceride concentration was determined using
standard enzymatic methods. Reagents, standards and calibrators were purchased from
Pointe Scientific (Lincoln Park, MI, USA). The interassay coefficients of variation are less
than 4% and intra-assay variation is less than 2%.

Urine content of malondialdehyde was analysed by alkaline hydrolysis, acid
deproteinization, derivatization with tetrabutylammonium (TBA) and /-butanol extraction
following the method of Grotto et a/. [13] and described in detail previously [4].

Peripheral arterial tonometry

According to previous studies [14], a blood pressure cuff was placed on one upper arm
(study arm), while the other arm served as a control (control arm). Peripheral arterial
tonometry probes were placed on one finger of each hand for continuous recording of the
peripheral arterial tonometry signal. After a 10-min equilibration period, the blood pressure
cuff was inflated to suprasystolic pressures for 5 min. Then the cuff was deflated, while
peripheral arterial tonometry recording was continued for 10 min.

The reactive hyperemia peripheral arterial tonometry (RH-PAT) data were analysed by a
computer in an operator-independent manner as previously described [15]. As a measure of
reactive hyperemia, the reactive hyperemia peripheral arterial tonometry index was
calculated as the ratio of the average amplitude of the peripheral arterial tonometry signal
over a 1-min time interval starting 1 min after cuff deflation divided by the average
amplitude of the peripheral arterial tonometry signal of a 3.5-min time period before cuff
inflation (baseline). Subsequently, reactive hyperemia peripheral arterial tonometry index
values from the study arm were normalized to the control arm.

Nitrate/nitrite determination in urine

Nitric oxide is oxidized in the body to the metabolites nitrate (NO3™) and nitrite (NO27),
which are excreted in the urine. In the urinary sample, the sum of nitrate/nitrite was
measured as an indirect indicator of the nitric oxide production. The urinary nitrate/nitrite
level was determined by using the DetectX Nitric Oxide Detection Kit (ArborAssay, Ann
Arbor, MI, USA) according to manufacturer instructions. Briefly, both nitrate and nitrite
standards calibration curves were generated by mixing with the colour reagents A and B
provided by the kit and incubated at room temperature (22 °C) for 5 min. Following a 20-
min incubation with nitrate reductase and nicotinamide adenine dinucleotide (NADH) total
urinary nitrate/nitrite content was measured. The reductase in combination with NADH
reduced nitrate to nitrite. After another 5-min incubation with colour reagents A and B at
room temperature, the concentration of the coloured product was read at 570 nm.

The urinary creatinine level was measured by using a Stanbio Direct Creatinine LiquiColor
Kit (Stanbio Laboratory, Boerne, TX, USA). A creatinine standard calibration curve was
generated by plotting the absorbance measured at 510 nm of a series concentration of
creatinine standard solutions reacting with working reagent provided by the measuring kit.
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The urinary creatinine level was measured in the same manner after a proper dilution with
distilled water.

Data were expressed as mean + standard error of means or standard deviation. A log-
transformation on the value of thiobarbituric acid reactive substances was applied to satisfy
the normality assumption of the model. A linear mixed-effects model to evaluate the effect
of meal type on the production of thiobarbituric acid reactive substances was utilized. The
fixed effects in the model included meal type, time and meal type/time interaction. A
random intercept was used to accommodate the correlation from the same subject. After
imputation, we calculated the ratio of thiobarbituric acid reactive substances at each time
point to its baseline value. The primary statistical analysis tool was the generalized
estimating equations method to analyse the repeated measurements of plasma
malondialdehyde for its robust statistical inference. Generalized estimating equations was
used to analyse the repeated ratios of each subject with an unstructured working covariance
matrix. Differences were considered significant at £< 0.05. The SAS 9.1.3 software package
(SAS Institute, Cary, NC, USA) was used.

Thirty-nine subjects were screened and 22 subjects met both the inclusion and exclusion
criteria and were enrolled into the study. The demographics of all enrolled subjects are
shown in Table 1. One subject was eliminated because of dietary non-compliance, with a
repeated fasting blood glucose > 200 mg/dl. Three subjects did not complete the study visits
within the study window because of conflicting schedules and were excluded. Thirteen out
of 18 completed subjects were taking metformin on the morning of testing. The burgers and
study protocol were tolerated well and none of the subjects had any adverse event.

There was no significant difference in the postprandial concentration of glucose, insulin and
triglycerides in blood from participants consuming the control or spice burger (Fig. 1).
Changes over time were not significant. Urine malondialdehyde excretion in pmol/g
creatinine was reduced by 31% (P < 0.001) in the participants consuming the spice burger
compared with those in the group consuming the control burger (Fig. 2).

The baseline peripheral arterial tonometry score was 1.8 + 0.6 in the participants consuming
the control burger and 1.7 £ 0.4 in those consuming the spice burger. Two hours after the
consumption of the test burger, the score decreased by 9.7 + 21.5% for participants
consuming the control burger and increased by 18.0 + 42.4% for participants consuming the
spice burger. The change of peripheral arterial tonometry score after control burger and spice
burger consumption was significantly different (£ = 0.025) (Fig. 3).

The average urine nitrate/nitrite concentration 6 h after consumption of the burgers was 9.09
+ 5.7 mmol/g creatinine after the control burger and 12.37 + 7.00 mmol/g creatinine after the
spice burger consumption, with a P-value of 0.053 (Fig. 4).
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Discussion

The results of the present study demonstrated that the consumption of a high-fat meal was
associated with postprandial vasoconstriction. We were able to demonstrate for the first time
that the addition of a spice mix high in antioxidant polyphenols to a high-fat meal led to a
significant increase in postprandial vascular dilation in men with Type 2 diabetes. This
vasodilation was associated with an increase in urinary nitrate/nitrite.

The beneficial effects of polyphenols on cardiovascular disease have been attributed to their
ability to reduce vascular oxidative stress. Polyphenols are able to reduce oxidative stress
through their free radical scavenging activity, their stimulatory effect on endogenous
antioxidant enzymes and inhibitory effect on pro-oxidant enzymes [16,17]. As demonstrated
in our previous hamburger spice study, the addition of the antioxidant spice mix to the
burger prior to cooking reduced the formation of malondialdehyde by 60% [4]. As reviewed
by Kanner et al. additional lipid peroxidation is taking place in the stomach. The addition of
red wine polyphenols to the meat after cooking, prior to consumption, decreased the lipid
peroxidation by 75% [18]. This demonstrates that the antioxidant polyphenols provide
protection during cooking and during the digestion process. In the present study, we found
that the addition of spice polyphenols to a hamburger meal was associated with a decrease in
urinary malondialdehyde. Possible mechanisms are a decrease in the formation of lipid
peroxides in the stomach or increase in the formation of an adduct between polyphenols and
aldehydes, such as found between polyphenols and methyl glyoxal [19,20]. Lo et al.
demonstrated similar interactions between tea catechins and methyl glyoxal [19].
Polyphenols may also react with proteolytic enzymes in the gastrointestinal tract. Digestion
of foods with proteolytic enzymes /n vitro releases malondialdehyde from proteins, mainly
in the form of adducts with lysine [21]. In animals, malondialdehyde—lysine is found in the
liver, small intestine and plasma [22]. Secondary bonds formed between polyphenols and
proteins [23] or enzymes [24,25] may also prevent digestion of the malondialdehyde—protein
adduct to form malondialdehyde-lysine in the gut and so decrease malondialdehyde
absorption. Another benefit of consuming spice polyphenols as an integral part of meals may
be their ability to prevent generation and absorption of cytotoxic advanced lipid peroxidation
end products [26], such as reactive carbonyls or other reactive compounds commonly found
in high-fat foods. Diets high in fat and red meat are risk factors for cardiovascular disease.
Locating the biological site of action of polyphenols in the gastrointestinal tract may lead to
a revision in our understanding of how antioxidants work 7n vivo and may help to elucidate
the mechanism involved in the reduced risk of heart disease observed with diets rich in
antioxidants.

In addition to the antioxidant effect, both experimental and clinical studies indicate that
polyphenols may also protect the cardiovascular system by improving the endothelial
function. The endothelium plays a major role in the control of the vascular tone through
release of nitric oxide (NO). Conditions contributing to diabetic vascular remodelling and
dysfunction include the effects of oxidative stress and decreased nitric oxide bioavailability.
Nitric oxide production by endothelial nitric oxide synthase (eNOS) is critically involved in
maintaining the integrity and stability of the vascular endothelium. Overproduction of
superoxide can lead to scavenging of nitric oxide and to its reduced bioavailability [27].
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Changes in the endothelium attributable to Type 2 diabetes may be associated with
abnormalities of vascular tone and helps to detect changes using peripheral arterial
tonometry in our study patients compared with healthy volunteers. As found in the present
study, in Type 2 diabetes, the urinary nitrate/nitrite concentration showed a strong trend (P =
0.053) to be increased in men consuming the spice burger. It has been demonstrated that
polyphenols induce nitric oxide formation through the redox-sensitive activation of the
phosphatidylinostiol-3-kinase (P13K)/Akt pathway and by increasing the intracellular
calcium concentration leading to the activation of endothelial nitric oxide synthase [28]. The
increase in plasma levels of nitroso adducts and enhanced bioavailability of nitric oxide has
also been demonstrated in human studies of consumption of high-flavanol cocoa drinks
associated with a transient increase in flow-mediated dilation, indicating improved
endothelial function [29].

In summary, cooking a hamburger with a polyphenol-rich spice mixture may lead to
potential cardiovascular benefits in patients with Type 2 diabetes mellitus.
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Postprandial changes in serum glucose (a), insulin (b) and triglycerides (c) after eating a
burger with salt (A) or spice (). Data are mean + standard error of the mean (sem). P-value:
no significant differences were observed; /7= 18.
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FIGURE 2.

Urinary excretion of malondialdehyde. Malondialdehyde was calculated on the basis of
creatinine concentration in urine collected for 6 h after eating a burger with salt (CJ) or spice
(M). *P< 0.05; data are mean + standard deviation (sp); /7= 8.
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FIGURE 3.
Two-hour postprandial peripheral arterial tonometry score change from baseline after eating

a burger with salt. () or spice (HM). *P < 0.05; data are mean + standard deviation (sp); 7=
18.
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Urine nitric oxide (NO) concentration, determined as the sum of urinary nitrate and nitrite,
after eating a burger with salt (O0) or spice (H). 2= 0.053; data are mean + standard
deviation (sp); n=8.
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Table 1

Subject characteristics

Participants
n 22
Age (years)
Mean (SD)  60.9 (7.5)
Race and ethnicity ()
Asian 1
Black 3

Caucasian 11

Hispanic 5
Other 2
BMI (kg/m?)

Mean (SD) 31.9 (6.1)
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Table 2

Concomitant medication !

Number of participantstaking the medication (total n = 18)

Type 2 diabetes—metformin 13
Other Type 2 diabetes medication (glypizide, glyburide and pioglitazone) 3

Hypertension (atenolol, zestril, benazepril) 12
Lipid lowering (rosuvastatin, lovestatin, simvastatin and niacin) 9
Other (antidepressant, benign prostatic hyperplasia, gastric reflux) 8

All medication was prescribed by primary care physicians.

fFor subjects who routinely took metformin in the morning, the usual dose of metformin was given just before the consumption of the test
hamburger and all other diabetes medications were withheld on the test day.
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