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Abstract

Hass avocados are rich in monounsaturated fatty acids (oleic 
acid) and antioxidants (carotenoids, tocopherols, polyphe-

nols) and are often eaten as a slice in a sandwich containing hamburger 
or other meats. Hamburger meat forms lipid peroxides during cooking. 
After ingestion, the stomach functions as a bioreactor generating ad-
ditional lipid peroxides and this process can be inhibited when antioxi-
dants are ingested together with the meat. "e present pilot study was 
conducted to investigate the postprandial e$ect of the addition of 68 g 
of avocado to a hamburger on vasodilation and inflammation. Eleven 
healthy subjects on two separate occasions consumed either a 250 g 
hamburger patty alone (ca. 436 cal and 25 g fat) or together with 68 
grams of avocado flesh (an additional 114 cal and 11 g of fat for a total of 
550 cal and 36 g fat), a common culinary combination, to assess e$ects 
on vascular health. Using the standard peripheral arterial tonometry 
(PAT) method to calculate the PAT index, we observed significant vaso-
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constriction 2 hours following hamburger ingestion (2.19 ± 0.36 vs.1.56 
± 0.21, p ¼ 0.0007), which did not occur when the avocado flesh was 
ingested together with the burger (2.17 ± 0.57 vs. 2.08 ± 0.51, NS p ¼ 
0.68). Peripheral blood mononuclear cells were isolated from postpran-
dial blood samples and the Ikappa-B alpha (IkBa) protein concentra-
tion was determined to assess e$ects on inflammation. At 3 hours, there 
was a significant preservation of IkBa (131% vs. 58%, p ¼ 0.03) when 
avocado was consumed with the meat compared to meat alone, consis-
tent with reduced activation of the NF-kappa B (NFkB) inflammatory 
pathway. IL-6 increased significantly at 4 hours in postprandial serum 
after consumption of the hamburger, but no change was observed when 
avocado was added. Postprandial serum triglyceride concentration in-
creased, but did not further increase when avocado was ingested with 
the burger compared to burger alone despite the added fat and calories-
from the avocado. "ese observations are suggestive of beneficial anti-
inflammatory and vascular health e$ects of ingesting added Hass avo-
cado with a hamburger patty. 
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Introduction 
Atherosclerosis is one of the main causes of morbidity and mor-

tality in the Western world. Several hypotheses have been articulated to 
explain the initiating events in atherosclerosis, but its pathogenesis seems 
to be multifactorial.¹ Over the past twenty years, the contribution of 
oxidation of lipoproteins including cholesterol and LDL cholesterol to 
the development of atherosclerosis has been demonstrated in both basic 
and clinical studies.2 Endothelial dysfunction contributes to atheroscle-
rosis3 and is characterized by a decreased bioavail ability of nitric oxide 
and increased expression of proin 'ammatory cytokines.4 "e use of an-
tioxidants and anti-in'ammatory natural products from dietary sources, 
such as fruits and vegetables including avocados, has been proposed as 
an adjunct to other preventive measures such as achieving and maintain-
ing a healthy body weight, and controlling blood cholesterol levels with 
drugs. 
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High-calorie meals rich in saturated fat and carbohydrate can 
lead to transient exaggerated elevations in blood glucose, free fatty acids, 
and triglycerides. "is condition, termed post prandial dysmetabolism, 
generates excess free radicals (or reactive oxygen species). "e ensuing 
oxidative stress triggers a biochemical cascade throughout the circula-
tion, inducing in'ammation, and endothelial dysfunction. "ese post-
prandial changes, when repeated multiple times each day, can create a 
milieu conducive to the development of atherosclerotic risk factors and 
coronary heart disease (CHD), the main cause of morbidity and mortal-
ity in the Western world.5-8 

"e stomach is a prime location for interactions of these antioxi-
dant compounds with lipids and other food constituents prone to oxida-
tion. "e stomach acts as a bioreactor and gastric 'uid as a medium for 
further dietary lipid peroxidation and/or antioxidation.9 "e gastroin-
testinal tract is constantly exposed to dietary oxidized food compounds 
produced during the pro cessing and storage of foods5,10 or during their 
digestion in the stomach.9 "e idea that the gastrointestinal tract is the 
location for the protective activity of antioxidants was presented by Hal-
liwell et al.11 

"e avocado contains monounsaturated fats, lutein, gluta thione, 
vitamin E, and phenolic antioxidants.12,13 It has a similar calorie density 
to other fruits and vegetables due to its high water content. Avocados are 
rich in oleic acid, similar to what is found in olives and olive oil. How-
ever, there is limited infor mation on the anti-oxidant/anti-in'ammatory 
properties of avocados in humans. It has been reported that avocado-
enriched diets resulted in improvements in lipid pro#les when compared 
to a high-carbohydrate diet in healthy subjects14 and those with Type 2 
DM.15 In addition it was demonstrated that total cholesterol and LDL 
cholesterol concentrations were signi'cantly decreased in mildly hyper-
cholesterolemic patients consuming an avocado-rich diet.16 

In the present pilot study we examined the e$ect of avocado 
added to hamburger meat, a common culinary combination, on post-
prandial vascular health and anti-in'ammatory activity in healthy sub-
jects. 
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Materials and methods 

Study subjects 
"e study utilized a randomized crossover design and included 

11 healthy male volunteers. "e 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. Subjects were excluded if they had meta-
bolic disorders, were taking dietary supplements, smoked >1 cigarette 
per day, exercised heavily (aerobic exercise more than four times for 30 
min per week), or drank more than 2 glasses of wine, 2 cocktails or two 
beers per day. Each subject was seen at the research clinic on two sepa-
rate occasions separated by at least one week. Subjects consumed, in a 
random order, two di$erent test meals consisting of either: (a) a ground 
beef patty seasoned with salt, or (b) a ground beef patty seasoned with 
salt and 68 grams of avocado. "e subjects were asked to avoid eating 
meat, poultry, #sh or avocado products for 3 days before the day of each 
of the two experi mental visits. 

Test meals 
Hamburger patties were prepared in the UCLA General Clini-

cal Research Center kitchen. "e beef with 10% of fat was weighed, 
minced in a large Kitchen Aid mixer bowl for 2 minutes at the lowest 
setting mixed with 1 g of salt. Using a 5 3/4 inch ring mold the meat 
was divided into 250 g patties and 'attened. "ey were cooked to an 
internal temperature of 77 degrees centigrade, frozen and packaged in 
the UCLA General Clinical Research Center kitchen. "ey were deliv-
ered frozen to the UCLA Center for Human Nutrition. "e patties were 
then reheated in their packaging using a boiler at the UCLA Center for 
Human Nutrition to approximately 60°C. "e two test meals consisted 
of either a burger alone or same burger with avocado with a glass of wa-
ter (200 ml). Fresh, ripe Hass avocados (provided by the Hass Avocado 
Board) were sliced into halves; 68 grams were scooped from one half and 
weighed. "e avocado portion was prepared into a mash and added to 
the hamburger.

Study protocol 
Participants arrived at the UCLA Center for Human Nutrition 
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after fasting for 10 hours. After an indwelling catheter was inserted into 
the vein of the forearm and a blood sample was taken, the #rst mea-
surement of peripheral arterial tonometry (PAT) was performed. "e 
subjects were then provided either the burger or burger and avocado to 
be eaten within 30 min. Blood samples were drawn again at 1, 2, 3, 4, 
5, 6 h after the meal for triglyceride and nitric oxide analyses. PAT was 
repeated after 2 hours. Urine was collected in a 2 L container for 6 h 
after the meal. Urine volume was recorded and aliquots were taken for 
analysis of nitric oxide and creatinine. 

Peripheral arterial tonometry 
Using established methods,17 a blood pressure cu$ 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 
#nger of each hand for continuous recording of the PAT signal. After a 
10 min equilibration period, the blood pressure cu$ will be in'ated to 
suprasystolic pressures for 5 min. "en the cu$ was de'ated, while PAT 
recording was continued for 10 min. Reactive hyperemia-peripheral ar-
terial tonometry (RH-PAT) data were analyzed by a computer in an 
operator-independent manner as previously described.18 

Biochemical analysis 
EDTA plasma and serum were separated from whole blood by 

centrifugation (910 g, 15 min), frozen, and kept at -80°C. Serum tri-
glyceride concentration was determined using stan dard enzymatic meth-
ods. Reagents, standards and calibrators were purchased from Pointe 
Scienti#c (Lincoln Park, MI). "e interassay coe!cients of variation are 
less than 4% and intra-assay coe!cients of variation are less than 2%. 
Concentrations of total nitrate and nitrite (NOx) were measured in se-
rum samples by a chemiluminescence method. Serum samples (1 : 10 
dilution) were #ltered through ultra#lter (PL-10 Ultrafree MC centrifu-
gal #lter units; Millipore Corp., Bedford, MA) and centrifuged for 1 h 
at 2500 x g.After removing high-molecular proteins, the #ltered serum 
sample was injected into the reac tion chamber of the NO analyzer, and 
re'uxed in glacial acetic acid containing sodium iodide. Nitrate and ni-
trite in the serum were reduced to NO, which, after reacting with ozone 
were quanti#ed by a chemiluminescence detector (NOA 280i, Sievers 
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Instruments, Boulder, CO). "e concentration was determined in com-
parison to a sodium nitrate standard calibration curve. 

Cytokine enzyme-linked immunosorbent assays (ELISAs) 
IL-6, IL-8, and TNF-alpha (TNF-a) protein levels were mea-

sured in plasma of 9 participants using eBioscience Platinum ELISA 
kits according to manufacturer’s instructions. Plasma of two participants 
was omitted due to hemolysis. Brie'y, after a prewash of the wells with 
PBS + 1% Tween-20 (wash bu$er), cytokine standards or plasma diluted 
with an equal volume of a sample diluent for IL-8 and TNF-a or assay 
bu$er (PBS + 1% Tween-20 + 10% bovine serum albumin) for IL-6. "e 
appro priate biotin-conjugated antibody was diluted in the assay bu$er 
and incubated with the standard or samples for 2 hours on a microplate 
shaker at 100 rpm at RT. Following 4 washes with the wash bu$er, dilut-
ed streptavidin–HRP in the assay bu$er was incubated in standard and 
sample wells for 1 hour on a microplate shaker. After washing unbound 
streptavidin– HRP 4 times with the wash bu$er, a tetramethyl–benzi-
dine substrate solution is added to wells. After 10 min, a 1 M phos phoric 
acid stop solution is added to stop the enzymatic color development in 
all samples. Absorbance was read at 450 nm for the primary wavelength 
with a 620 nm reference wavelength on a VersaMax microplate reader 
(Molecular Devices; Sunnyvale, CA). Interassay coe!cients of variation 
were between 5 and 8% and intraassay coe!cients of variation were be-
tween 3 and 6%. Grossly hemolyzed samples were excluded from analy-
sis. 

IkB-a protein expression in peripheral blood mononuclear cells 
(PBMCs) 

PBMCs were isolated from Na-EDTA tubes according to meth-
ods described by Aljada et al., 2004.19 After cells were washed with 
Hank’s bu$ered saline solution, they were lysed with a whole cell ly-
sis bu$er (Millipore; Temecula, CA). Total protein concentrations in 
PBMC lysates were measured by the bicinchoninic acid protein assay 
(Pierce; Rockland, IL). Equal amounts of protein (40 mg) were then 
loaded onto 10% gradient gels (Amersham Biosciences, Uppsala, Swe-
den) and electro phoresed at 100 V. Gels were transferred to a nitrocellu-
lose membrane using the manufacturer’s suggested protocol. Membranes 
were blocked using 5% (w/v) bovine serum albumin in Tris-bu$ered 
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saline containing 0.001% (v/v) Tween-20 before probing with rabbit 
polyclonal IkB-a (C-15) antibody (Santa Cruz Biotechnology; Santa 
Cruz, CA) overnight at 4 °C. After washing the unbound primary an-
tibody, the HRP-conjugated goat anti-rabbit secondary antibody was 
incubated with the membrane for 2 h at RT. Final chemiluminescence 
detection was based on an ECL+ kit (Amersham Biosciences, Uppsala, 
Sweden) as per the manufacturer protocol on a BioRad Chem iDoc XRS 
(BioRad; Hercules, CA). Membranes were then strip ped and reprobed 
with a mouse monoclonal antibody for beta-actin (Abcam; Cambridge, 
MA) to ensure equal protein loading. Protein expression was quanti#ed 
using densitometry on digi tized images with the QuantityOne software 
(BioRad). 

Statistics 
Data were expressed as mean ± standard deviation. Because this 

is a cross-over design, we used the paired t-test to compare postprandial 
biomarkers for each time point. To assess the overall di$erence, we also 
use the linear mixed e$ects model to compare postprandial biomarkers 
over time. An auto-regressive correlation matrix was used to accommo-
date the correlation from the same subject. All tests were two sided, and 
di$erences were considered signi#cant at P < 0.05. SAS 9.1.3 software 
package was used. 

Results 
Eleven male subjects met both the inclusion and exclusion cri-

teria and were enrolled and completed the study. "e char acteristics of 
the subjects are shown in Table 1. "e burgers and study protocol were 
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well tolerated and none of the subjects had any adverse event. "e base-
line PAT score was 2.20 ± 0.36 for participants consuming hamburger 
only and 2.17 ± 0.57 for those consuming hamburger and avocado. Two 
hours after the consumption of the test burger, the PAT score was de-
creased by 27.4 ± 16.6% (2.20 ± 0.36 vs. 1.56 ± 0.21, p = 0.0007) which 
was prevented when avocado was ingested with the burger (2.17 ± 0.57 
vs. 2.08 ± 0.51, NS p = 0.68). "e change of PAT score after hamburger 

Figure 1. Postprandial PAT changes 2 h a'er eating a burger or burger + avocado. (A) 
A'er eating a burger, PAT scores decreased at 2 h compared to the baseline value (*p < 
0.005). However this decrease was prevented by adding avocado to the burger (p  0.68). 
(B) Two hour postprandial PAT score changed from baseline a'er eating a burger or 
burger + avocado (p  0.052). Data represent mean ` SEM for 11 subjects (*p < 0.05 from 
baseline).
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versus hamburger + avocado consumption was approaching signi#cant 
di$erence (p = 0.052) (Fig. 1B). 

"e serum nitrate and nitrite concentrations showed a trend to 
decrease starting at 1 hour post-consumption of hamburger and con-
tinued a nonsigni#cant decrease throughout the following 5 hours. "e 
addition of avocado to hamburger did not change the decrease of post-
prandial serum nitrite and nitrate levels at any time point (Fig. 2). 

with burger only but this increase was attenuated when avocado was 
ingested with the burger despite the added fat and calories from the avo-
cado (Fig. 3A). Neither burger nor burger + avocado a$ected the post-
prandial plasma TNF-alpha levels (Fig. 3B). Plasma IL-8 protein was 
also measured, but levels were below ELISA detection limits in plasma 
(data not shown). 

To further investigate the postprandial e$ect of avocado on in-
'ammation, PBMCs were isolated from postprandial blood samples and 
IkB-a protein concentration was analyzed as an inverse marker of stimu-
lation of NFkB. NFkB is one of the most important transcription fac-
tors in the induction of in'amma tory processes.20 NFkB is located in the 
cytoplasm in an inactive form bound to IkB-a. Upon stimulation IkB-a 
is phosphorylated and NFkB is released and translocated to the nucleus. 

Figure 2. Total serum NOx (nitrate and nitrite) concentrations a'er eating a burger or 
burger + avocado. A'er eating a burger, serum NOx concentration showed a trend to 
decrease in both burger and burger plus avocado groups. Data represent mean ± SEM for 
11 subjects. 
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Figure 3. E$ects of a burger with or without avocado on postprandial plasma cytokines. 
(A) Increases in plasma IL-6 levels peak at 4 h following burger consumption, but this in-
crease was attenuated when avocado was added to the burger. (B) Plasma TNF-a protein 
levels were not a$ected by either meal. Data represent mean ± SEM for 9 subjects/time 
point (*p < 0.05 from baseline). 
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IkB-a undergoes ubiquination and degradation via proteasome activity. 
"erefore stimulation of NFkB is associated with a decrease in IkB-a 
concentration. Following the burger consumption, IkB-a protein levels 

Figure 4. Avocado inhibits NFkB activation in peripheral blood mononuclear cells fol-
lowing a burger meal. Protein levels of IkB-a, the endogenous inhibitor of the NFkB path-
way, were determined by Western blots. Representative Western blots showing IkB-a pro-
tein degradation following consumption of the burger (A) vs. preser vation of IkB-a when 
avocado was added to the burger (B). (C) Normalized values are expressed as a percentage 
of the baseline value. Preservation of IkB-a protein by avocado was most pronounced at 
3 h post-meal (*p < 0.05 burger vs. burger + avocado). Data represent mean ± SEM for 
9 subjects.



186

decreased in PBMC lysates, suggesting a NFkB pathway activation. 
However, when avocado was added to the burger, IkB-a protein levels 
were only slightly elevated. By 3 hours, IkB-a protein was signi#cantly 

preserved after the consumption of the burger + avocado compared to 
the burger alone (131% vs. 58%, p = 0.03), suggesting that avocado in-
hibited peripheral in'ammation via the NFkB pathway (Fig. 4)

"ere was a signi#cant increase in the postprandial concentra-
tion of triglycerides in blood from participants consuming the burger 
at hours 2, 3 and 4. "e level peaked at hour 3, remained high at the 
end of hour 4 and trended down at hour 5. Addition of avocado did not 
increase the triglyceride level any further (Fig. 5). 

Discussion 
"e presented results from this small pilot study demonstrated 

for the #rst time that the addition of avocado to a high fat meal was able 
to attenuate the postprandial vasoconstrictive e$ect of a high fat diet. 
Potential mechanisms for the health bene#cial e$ects may be related to 
an increase in plasma concentration of the monounsaturated fatty acid 
oleic acid as shown by Pieterse et al.²¹ "ey recently examined the e$ects 
of avocados as part of an energy-restricted diet on weight loss, serum 

Figure 5. E$ects of a burger with or without avocado on postprandial triglyceride. Tri-
glyceride increased following burger consumption, but there was no additional increase 
by the addition of avocado. Data represent mean ` SEM for 11 subjects (*p < 0.05 from 
baseline).
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lipids and vascular function in overweight and obese subjects randomly 
assigned to consume energy-restricted diets with total energy intakes of 
30% fat, 55% carbohydrates and 15% protein. "e experimental group 
consumed 200 g per day of avocado (30.6 g fat), which was substituted 
with 30 g dietary fat in the control group. While the avocado-enriched 
diet had no e$ect on serum lipids, a signi#cant increase in plasma oleic 
acid was observed. Partial replacement of complex digestible carbohy-
drates with monounsaturated fatty acids (avocado as one of its main 
sour ces) in the diet of patients with NIDDM also favorably improved 
both lipid pro#les and glycemic control.15 

While the avocado is an increasingly popular fruit rich in mono-
unsaturated fats, most studies on the bene#ts of mono unsaturated fats 
have focused on nuts and olive oil with incon sistent outcomes. A study 
by Cortes et al. demonstrated that the addition of walnut was associ-
ated with postprandial vasodila tion in patients with hypercholesterol-
emia, whereas olive oil was associated with vasoconstriction. Both did 
not show an e$ect in healthy participants.22 However, the combination 
of red wine and green olive oil led to vasodilation, while there was no 
bene#t from the addition of white wine and olive oil.23 

Chronic in'ammation may play a role in the development of 
atherosclerosis and cardiovascular diseases. Previous epidemi ological 
studies have associated IL-6 with atherosclerosis and increased risk for 
cardiovascular diseases.24,25 High-fat meals have been shown to in'uence 
plasma in'ammatory biomarkers such as IL-6, TNF-a, and CRP.26–28 
Cytokines, through inhibition of eNOS and the reduction of nitric 
oxide formation, e$ect blood vessel constriction.3,4 Foods high in an-
tioxidant and anti in'ammatory phytochemicals, such as tomatoes and 
strawberries, were shown to inhibit these biomarkers.29,30 Results presen-
ted here demonstrated that the addition of avocado, rich in monounsa-
turated fatty acids and antioxidants, attenuated the postprandial incre-
ases in plasma IL-6 induced by a high-fat meal in healthy individuals. 
"is supports the hypothesis that avocado, although energy rich, may 
provide cardioprotection. 

"e NFkB signaling pathway is a key immune and in'am-
matory response pathway underlying atherosclerosis and cardiovascular 
diseases.31 High-fat meals were shown to induce postprandial NFkB in 
PBMCs which could be inhibited by the consumption of red wine.32 
Meals enriched with butter, but not olive oil or walnut, induced NFkB 
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in PBMCs, suggesting that the monounsaturated fatty acids in walnut 
and olive oil may be bene#cial in preventing postprandial in'amma-
tion.33 Another study by Perez-Martinez, 2007, demonstrated that con-
sumption of a Mediterranean diet rich in olive oil did not increase NFkB 
stimulation compared to the consumption of a Western diet.34 

Polyphenols from fruits, vegetables, tea and cocoa have been 
proposed to improve the endothelial function through nitric oxide (NO) 
mediated relaxation.35 However, we did not #nd any change in NO con-
centration in the serum collected following the burger + avocado inter-
vention compared to that following the burger intervention. Other po-
tential mechanisms regulating the endothelial function may have been 
involved. For example the polyphenol-induced endothelium-dependent 
relaxation also involves the endothelium-derived hyperpolarizing fac-
tor, besides NO, in several types of arteries.35 Red wine polyphenols 
have been shown to prevent endothelin 1 induced vascular O2- produc-
tion by reducing overexpression of  p47phox and the subsequent increased 
NADPH oxidase activity, leading to improvement in endothelial func-
tion.36 Resveratrol, a poly phenol from grape, was shown to inhibit uter-
ine contraction by blocking external Ca2+ in'ux induced by PGF2a and 
high K+ concentrations.37 Avocado may also change the fatty acid pro#le 
leading to the alteration of, for example, the fatty acid metab olite pros-
tacyclin (PGI2).38 In summary it appears more likely that avocado may 
act through other factors in'uencing the endothelial function other than 
NO mediated relaxation. 

Results from the present pilot study demonstrated that the com-
mon culinary practice of adding 1/2 of an avocado (68 g) to a hamburg-
er patty may reduce pro-in'ammatory and vaso constrictory e$ects of a 
postprandial challenge with meat patty. In summary we demonstrated 
that in healthy participants the consumption of 250 g of beef led to 
a signi#cant decrease in vascular reactivity, increase of serum IL-6 and 
NFkB activation in PBMCs. "e popular practice of adding a slice of 
avocado to various meat sandwiches was able to reduce these symptoms 
and may have cardiovascular health bene#ts. Larger interven tion studies 
are needed to con#rm these results. 
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