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Abstract
This small-scale pilot study studied the potential benefit of taking a concentrated dose of anthocyanin 300 mg once a day for
3 weeks (purple corn extract) on blood pressure among untreated Peruvian adults with mild-to-moderate hypertension.
A double-blind placebo-controlled randomized crossover trial using intention-to-treat analysis was conducted on 30 healthy men
and women who received care at the Dos de Mayo Hospital (Lima, Peru) between September 2010 and August 2011. The 4-phase
study compared blood pressure readings on placebo and on purple corn extract. Blood pressure readings decreased from
baseline levels to end of study, especially after taking a purple corn extract capsule for 3 weeks, regardless of age, gender, body
mass index level, or initial average blood pressure reading. Individuals who had higher blood pressure readings at baseline showed
the most marked reduction in systolic and diastolic readings. Additional study of the possible mechanisms of action and the
pharmacokinetics of purple corn extract warrants further investigation.
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Introduction

Polyphenols, pigmented compounds found in many plants, and

anthocyanins, a subcategory of polyphenols, have been the

focus of numerous studies designed to assess their antioxidant,

anticancer, and anti-inflammatory benefits.1 Anthocyanins,

members of the flavonoid group of phytochemicals, are

water-soluble vacuolar pigments that may appear red, purple,

or blue depending on the pH value and the presence of co-

pigments. The benefits of eating anthocyanin-rich foods have

been linked to the prevention or delay of the onset of degenera-

tive diseases of aging,2,3 cardiovascular disease,4,5 diabetes,6

cognitive dysfunction,7 cancer,8 act as an enhancement to the

immune system,9 and as an antihypertensive agent.10 Although

some of these health claims might be inflated or based on

poorly designed studies, this apparently has not had an effect

on the commercialization of anthocyanin-rich products; for

example, marketing of acai as a health food.

The physiological and biochemical role of anthocyanins in

the regulation of blood pressure, in particular, has been studied

on animals.11,12 Findings from both studies showed that systo-

lic and diastolic blood pressure among the rats in the purple

corn extract experimental group was significantly lower than

that for the control group, suggesting that anthocyanins had

antihypertensive effects on hypertensive animals. Pertinent

to any study that would include humans, the animal studies

neither showed evidence of anthoycanin toxicity or its muta-

genicity at any dose level nor was there evidence of adverse

effects, even at the highest levels.13

Very few studies have been conducted on humans. One

small-scale double-blind randomized placebo-controlled cross-

over study (n ¼ 31 Norwegian males with screening blood

pressure of greater than 140/90 mm Hg who were not on any

antihypertensive or lipid-lowering medication) looked at

whether high concentrations of anthocyanins (320 mg twice

daily) would reduce blood pressure and alter cardiovascular

and catecholamine reactivity to stress. The participants were

followed for 4 weeks with a 4-week washout. Findings showed

no significant differences in blood pressure, no significant dif-

ferences in stress reactivity, and no difference in semiautomatic

oscillometric blood pressure measurements.14 Another study

by the same researchers and with the same study sample found
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no beneficial effects in the short term on pathophysiological

markers of cardiovascular disease.15

Purpose of Study

This small-scale pilot study sought to empirically study

whether taking a concentrated dose of anthocyanin would have

an effect on blood pressure. Of all purple-colored fruits and

vegetables, Purple corn (Zea mays L.), cultivated in Peru and

Bolivia and a staple in the Peruvian diet, contains the highest

concentration of anthocyanins.16,17 We sought to test empiri-

cally the effect of purple corn extract on blood pressure among

individuals with prehypertension (systolic 120-139 mm Hg;

diastolic 80-89 mmHg) or stage 1 hypertension (systolic

140-159 mm Hg; diastolic 90-99 mmHg) who are not currently

on antihypertensive medication. Estimates of the prevalence of

hypertension in Peru range from 16% to 31% among men and

from 15% to 23% among women.18,19 Many Peruvians with

mild or elevated hypertension are not taking antihypertensive

medication. It was hypothesized that taking a daily capsule of

purple corn extract (300 mg) would reduce both systolic and

diastolic blood pressure among untreated individuals with

prehypertension and stage 1 hypertension.

Materials and Methods

Participants

Healthy volunteers seeking care at the Cardiology Clinic of the Dos de

Mayo Hospital in Lima, Peru were screened for inclusion in the study.

Males and females between the ages of 21 and 70 years with prehyper-

tension or stage 1 hypertension (based on an average of 3 blood

pressure readings taken at the hospital outpatient clinic) were consid-

ered eligible to participate in the study. Excluded were individuals

who were taking prescription antihypertension medication as well as

those individuals who currently have diabetes, coronary heart disease,

cancer, or uncontrolled or severe hypertension (>160/>90 mm Hg).

Women who were currently pregnant or intending to become pregnant

within the year were excluded, and those who were deemed unable to

understand the intent of the study and/or follow the research protocol,

including making a commitment to come to the clinic to have their

blood pressure taken at specified intervals, were excluded. A total

of 30 individuals were included in the study.

The purpose of the study was orally explained, including a discus-

sion of the potential benefits of taking purple corn extract capsules (ie,

reduction in blood pressure) and possible risks (ie, inability to lower

blood pressure to normal levels). A written document delineating the

purpose, potential benefits, and possible risks of the study was handed

to the individual. Taxi fare was provided to each participant for the

multiple trips to and from the hospital. The Dos de Mayo Hospital

Institutional Review Board approval was obtained. A small pilot study

to assess feasibility of conducting this project was conducted by a

medical student (TM).

Purple Corn Extract Capsule

Fitofarma, located in Lima, Peru, is a major global manufacturer of

liquid and powered extracts from Peruvian herbs, fruits, and vegeta-

bles, including purple corn. Fitofarma produces capsules of purple

corn extract in a soft gelatin casing; a typical number ‘‘0’’ size capsule

holds 300 mg of purple corn extract in a maltodextrin carrier, which is

15% by weight. There is less than 1% silica and magnesium stearate,

which is used to facilitate the flow of the powder. The final product

contains 6% of total anthocyanin (6 mg anthocyanin per 100 mg of

purple corn extract) and 15% phenolic compounds.20 In 2003, Fito-

farma had its purple corn extract product undergo chemical analysis

and evidence of safety. Findings showed that the main ingredient in

the purple corn extract was carbohydrates (76.6%); there was a low

(8%) moisture content, and negligible amounts of fat (0.13%) and

protein (0.59%). The sodium ion level was 2.58% and the magnesium

ion level was <2%. Findings showed no measurable amounts of any

metals or pesticides. Arsenic, cadmium, lead, and mercury were not

found in detectable amounts in purple corn extract.21

In 2005, as part of a New Dietary Ingredient application to the US

Food and Drug Administration, a toxicity screen was performed. Find-

ings showed no evidence of human or animal toxicity, mutagenicity,

or cytotoxicity to healthy cells. As part of the analysis, in 2005 a

search for evidence of toxicity from ‘‘purple corn’’ and ‘‘purple corn

extract’’ was made in PubMed, TOXNET, EMBASE, and BIOSIS. No

evidence of human or animal toxicity, mutagenicity, or cytotoxicity to

healthy cells was found.22 Based on results from the literature search,

animal studies and the toxicity studies, the evidence convincingly

show no toxic effects of purple corn extract or anthocyanin even at

very high levels. Fitofarma prepared the capsules containing purple

corn extract and identical placebo capsules in size and color but

contained no anthocyanin or phenolic compounds.

Study Design

A double-blinded placebo-controlled randomized crossover trial using

intention-to-treat analysis was conducted. Using a block randomiza-

tion scheme, patients were randomized to 1 of 2 groups: taking the pla-

cebo capsule before taking the purple corn extract capsule or to taking

the purple corn extract capsule first and then the placebo. The study

was administered by nurse project assistant based at the Dos de Mayo

Hospital who attended a training session organized by the Research

Coordinator and Peruvian Principal Investigator (SS) to ensure

standardized administration of the study protocol. Participants were

enrolled between September 2010 and August 2011.

After eligibility was determined and consent obtained, a baseline

survey designed to obtain demographic and medical history was admi-

nistered by a nurse project assistant who recorded answers from each

participant on to a standardized coding form. All participants were

seen during the morning between 9 AM and 11 AM. Weight, height,

and blood pressure (taken 3 times in both sitting and supine positions

within a few minutes to obtain an average baseline reading) were

measured according to a standard protocol. Blood pressure was taken

by the same individual in a standardized fashion using a sphygmoman-

ometer. Body mass index was calculated as weight in kilograms

divided by the square of height in meters. Demographics, reproductive

history, family history of high blood pressure, smoking, and alcohol

consumption were recorded.

There were 4 phases to this study (see Table 1 for time frame and

randomization scheme). During phase 1 (3 weeks in length), every

participant was given a 2-week supply of the placebo capsule and told

to take one each day in the morning (at breakfast time). At the end of 2

weeks, the participants were asked to return to the clinic to have their

blood pressure taken as described above. A short questionnaire

elicited information about how they have been feeling and if they

experienced any adverse health effects during the past 2 weeks. The
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participants were then given a 7-day supply of the placebo capsules

and asked to return in one week where the same process as just

described was repeated. If an individual’s blood pressure increased

to a level that warranted medical intervention at any time during the

study, the individual would be censored (excluded from the study) and

referred to a physician for treatment.

At the end of the 3-week period of phase 1, based on the randomi-

zation scheme, participants either received another round of the pla-

cebo capsule or the purple corn extract capsule. During this phase 2

period, participants returned to the clinic after 2 weeks at which time

blood pressure was taken in the manner described above and the short

questionnaire orally administered to elicit any adverse health effects

experienced over the past 2 weeks. Participants were then given a

7-day supply of the capsules and asked to return in a week at which

time the same process as described above was repeated. Compliance

was assessed by pill count.

A wash out period of 1 week where no capsules were consumed fol-

lowed phase 2. Individuals returned to the clinic the following week.

At phase 3, which also lasted 3 weeks, those who had been taking

the purple corn extract capsule were given the placebo and those who

had been taking the placebo were given the purple corn extract

capsule. The same process described for phase 2 was repeated in phase

3. In phase 4, which lasted 2 weeks, no capsules were consumed.

Blood pressure was measured and a short questionnaire was adminis-

tered orally in the manner described above.

Statistical Considerations

We hypothesized that the purple corn extract supplement would be

more effective than placebo in reducing blood pressure. Comparisons

of average blood pressure readings were made for each participant at the

end of each phase. Baseline characteristics were summarized for the

total sample population and by group. A paired 2-tailed t test statistic

was used to test for statistical significance in blood pressure readings.

A P value of less than .05 was considered statistically significant. This

was a pilot study of 30 individuals and power calculations were not

made as we could not assume what would be an appropriate reduction

in blood pressure since there have not been any studies done on humans.

Results

Table 2 presents the demographic and selected health charac-

teristics of the sample. Two thirds of the sample (63.3%) was

women and the majority of participants (70%) were middle-

aged (45-64 years). Sixty percent were graduates of a technical

school or university whereas 20% had a primary school educa-

tion or secondary school education. Two thirds (66.7%) had a

body mass index between 25 and 29 kg/m2 and 20% had a body

mass index between 30 and 35 kg/m2. Three individuals had a

body mass index less than 25 kg/m2 and one person had a body

mass index greater than 35 kg/m2. There were no statistically

significant differences between those who were randomized

to the experimental group and those to the placebo group. Each

individual was serving as his or her own control.

The majority (66.7%) reported that they never smoked

tobacco; only 4 individuals currently smoked cigarettes.

Almost half (46.7%) reported that they never drank alcohol and

none reported using illicit drugs. Three quarters (76.7%) of the

sample reported that they were not taking prescription medica-

tions. Of the 7 individuals who were on medication, none were

taking pills for hypertension. However, two thirds (66.7%)

reported that in the past they had been told that they had high

blood pressure (55% between the age of 50 and 60 years, and

25% between the ages of 45 and 49 years).

Regarding family history of hypertension, 60% said that

their mother had hypertension, 16.7% said that their father

had high blood pressure, and 36.7% said that they had siblings

Table 2. Demographic and Selected Health Characteristics of Sample.

Variable n Percentage

Gender
Male 11 36.7
Female 19 63.3

Age (years)
<35 2 6.7
35-44 4 13.3
45-54 10 33.3
55-64 11 36.7
�65 3 10.0

Level of education
Primary school 6 20.0
Secondary school 6 20.0
Technical school 16 53.3
University 2 6.7

Body mass index (kg/m2)
<25 3 10.0
25-29 20 66.7
30-34 6 20.0
�35 1 3.3

Ever told have hypertension
Yes 20 66.7
No 10 33.3

Smoking status
Never 20 66.7
Former 6 20.0
Current 4 13.3

Drink Chicha Morada
Never 3 10.0
Yes, in past 15 50.0
Yes, currently 12 40.0

Table 1. Randomization Scheme and Timeline.

Group 1
(n ¼ 18)

Group 2
(n ¼ 12)

Phase 1: Baseline (3 weeks) Placebo Placebo
Groups randomized to purple

corn extract or placebo
Phase 2 (3 weeks) Purple corn

extract capsule
Placebo

1 Week washout period—no
capsules consumed

Phase 3 (3 weeks) Placebo Purple corn
extract capsule

Phase 4 (2 weeks) No capsules
consumed

No capsules
consumed
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who were diagnosed with high blood pressure. A very small

minority reported that an immediate family member had had

a stroke or heart attack. Diabetes appeared not to be a medical

problem among the respondents or among their immediate

family.

Effect of Purple Corn Extract on Blood Pressure

Mean systolic and diastolic blood pressure at baseline for the

entire sample was 139 and 87.7 mm Hg, respectively, with a

systolic range of 122-155 mm Hg and a diastolic range of

65-97 mm Hg. Median baseline systolic pressure was 139.5

mm Hg and median baseline diastolic pressure was 90 mm

Hg. Mean systolic and diastolic pressure after taking the purple

corn extract capsule was 130.7 and 80.2 mm Hg, respectively.

At the end of the study, the systolic and diastolic pressure read-

ings were lower than at baseline (139 mm Hg at baseline com-

pared with 132.4 mm Hg at the end of study and 87.7 mm Hg at

baseline compared with 81.1 mm Hg at the end of the study).

Individually, the biggest drop in systolic pressure from baseline

to end of study was from 154 to 132 mm Hg, a 22-point drop;

the biggest drop in diastolic pressure was from 95 to 73 mm Hg,

a 22 point drop. No individual reported any adverse effects

from taking the purple corn extract capsule.

The subjects were not randomized by blood pressure read-

ing. Group 1 was randomized to placebo, capsule, placebo, and

group 2 to placebo, placebo, capsule. All participants con-

sumed no capsules thereafter for 2 weeks. Table 3 shows blood

pressure readings at baseline, after taking purple corn extract

capsules, and at the end of study. Baseline mean blood pressure

reading for group 1 was 137.2/87.2 mm Hg (baseline median

blood pressure readings was 135/85.5 mm Hg) compared with

group 2’s mean readings of 141.7/88.5 mm Hg (median read-

ings of 142/93 mm Hg). However, every individual, regardless

of which group he or she was randomized to, showed a

decrease in blood pressure reading from baseline to end of

taking the purple corn extract capsule.

For those in group 1, a paired t test showed statistically

significant differences in systolic and in diastolic readings

from baseline to end of study (P < .001). Blood pressure

dropped while on the purple corn extract capsule and at the

end of the study, the blood pressure readings remained lower

than at the beginning of the study (P < .001). Specifically,

mean baseline systolic pressure decreased from 137.2 to

131.6 mm Hg after taking the purple corn extract capsule.

At end of study, the mean systolic pressure was 131.5 mm

Hg. Mean baseline diastolic pressures were 87.2 and 81.7

mm Hg after taking the purple corn extract capsule. At end

of the study, mean diastolic pressure was 81.7 mm Hg.

Among this group, there was a 5.6-point drop in systolic blood

pressure from baseline compared with that taken at end of the

3-week period in which the purple corn extract capsule was

taken. There was a 5.5 point drop in diastolic blood pressure.

Blood pressure remained significantly lower at the end of the

study.

Individuals in group 2 took the purple corn extract capsule

after 6 weeks on placebo whereas group 1 took the capsule

between weeks taking the placebo. For those in group 2, a

paired t test showed statistically significant differences in

systolic and in diastolic readings from baseline to end of study

(P < .001). Blood pressure dropped while on the purple corn

extract capsule and at the end of the study the blood pressure

readings remained lower than at the beginning of the study

(P < .001). Specifically, mean baseline systolic pressure

decreased from 141.7 mm Hg to an impressive 129.3 mm Hg

after taking the purple corn extract capsule, a drop of 12.4

points. At end of the study, mean systolic pressure was 133.8

mm Hg. Mean baseline diastolic pressure was 88.5 mm Hg and

after taking the purple corn extract capsule the mean was 77.9

mm Hg, a drop of 10.6 points. At end of the study, mean

diastolic pressure was 80.2 mm Hg. One individual dropped out

after taking the purple corn extract capsule and did not

complete the last placebo phase.

Discussion

This small pilot study showed that among participants with

prehypertension or stage 1 hypertension, taking a purple corn

extract capsule for a short period of time (3 weeks) apparently

had a beneficial effect of reducing systolic and diastolic blood

pressure. None of the individuals had been taking antihyperten-

sion medication for their blood pressure. Study findings

showed that blood pressure readings for every individual,

regardless of age, gender, body mass index level, or initial

average blood pressure reading, decreased from baseline levels

to end of study, especially after taking a purple corn extract

capsule for 3 weeks. In this study, those individuals who had

higher blood pressure readings at baseline showed the most

marked reduction in systolic and diastolic readings during

which the purple corn extract capsule was taken as well as at

the end of the study; however, end-of-study blood pressure

readings were starting to creep up among those in group 2. That

is, lowest blood pressure readings were at the end of taking the

Table 3. Blood Pressure at Baseline, After Taking Purple Corn
Extract Capsule, and at End of Study, by Group.a

Group 1
(n ¼ 18)

Group 2
(n ¼ 12)

Total
(n ¼ 30)

�x SD �x SD �x SD

Baseline (all on placebo)
Systolic 137.2 7.2 141.7 7.0 139.0 7.4
Diastolic 87.2 5.1 88.5 8.6 87.7 6.6

After taking purple corn extract
Systolic 131.6 5.8 129.3 7.7 130.7 6.6
Diastolic 81.7 4.9 77.9 7.3 80.2 6.1

End of phase 4 (all on placebo)
Systolic 131.5 6.9 133.8 5.6 132.4 6.4
Diastolic 81.7 6.1 80.2 7.9 81.1 6.8

aOne individual dropped out after taking the purple corn extract capsule but
did not complete the last placebo phase.
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purple corn extract capsule but apparently were increasing (not

statistically or clinically) by the end of the study. Given that

many Peruvians with mildly elevated blood pressure do not

take medication, having these individuals take a daily capsule

of purple corn extract might help keep their blood pressure in

check over time.

This pilot study had several limitations, including the small

sample size and the fact that the individuals took the purple

corn extract capsule for a very short period of time (3 weeks).

It would have been interesting to have followed the participa-

tions for a longer period of time to determine if, after taking the

purple corn extract capsule, their blood pressure would have

increased. Given the findings from this small study, it might

be instructive to follow a larger group of individuals for a lon-

ger period of time to assess the effectiveness of purple corn

extract on blood pressure. Furthermore, additional study of the

possible mechanisms of action and the pharmacokinetics of

purple corn extract and/or anthocyanins in general warrant

investigation. The 300 mg capsule contained a very small

amount of anthocyanins (6%). It would be of interest to see

what effect a larger dose of anthocyanins would have on blood

pressure over time.

Conclusion

The findings of this small pilot study are intriguing. Given the

small sample and short period during which the participants

were taking the purple corn extract capsule, it is unclear what

the true independent treatment effect was. The study findings

imply that a larger study would be warranted to help better

understand the longer term effect of taking purple corn extract

over time among individuals with prehypertension who are not

on medication.
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