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ABSTRACT The goal for this study was to evaluate safety regarding anticoagulant activity and platelet activation during
daily consumption of an aqueous cyanophyta extract (ACE), containing a high dose of phycocyanin. Using a randomized,
double-blind, placebo-controlled study design, 24 men and women were enrolled after informed consent, and consumed either
ACE (2.3 g/day) or placebo daily for 2 weeks. The ACE dose was equivalent to *1 g phycocyanin per day, chosen based on
the highest dose Generally Recognized as Safe (GRAS) by the U.S. Food and Drug Administration. Consuming ACE did not
alter markers for platelet activation (P-selectin expression) or serum P-selectin levels. No changes were seen for activated
partial thromboplastin time, thrombin clotting time, or fibrinogen activity. Serum levels of aspartate transaminase (AST)
showed a significant reduction after 2 weeks of ACE consumption (P < .001), in contrast to placebo where no changes were
seen; the difference in AST levels between the two groups was significant at 2 weeks (P < .02). Reduced levels of alanine
transaminase (ALT) were also seen in the group consuming ACE (P < .08). Previous studies showed reduction of chronic pain
when consuming 1 g ACE per day. The higher dose of 2.3 g/day in this study was associated with significant reduction of
chronic pain at rest and when physically active (P < .05). Consumption of ACE showed safety regarding markers pertaining to
anticoagulant activity and platelet activation status, in conjunction with rapid and robust relief of chronic pain. Reduction in
AST and ALT suggested improvement in liver function and metabolism.
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tioxidant and anti-inflammatory compound, in part, due to its
ability to inhibit the inflammatory enzyme, cyclooxygenase2 (COX-2).3–5
Pharmaceutical inhibitors of COX enzymes, nonsteroidal
anti-inflammatory drugs (NSAIDs), are commonly used
anti-inflammatory medications for pain relief; however,
their use is associated with side effects, including gastrointestinal discomfort and mucosal ulceration,6 and longterm use poses a risk for kidney disease especially in the
hypertensive population.7 In contrast to the acute damage
associated with NSAID intake, anti-inflammatory effects
seem to provide a mild long-term benefit in the prevention of
colorectal cancer.8 Some NSAIDs such as aspirin and ibuprofen, both nonspecific COX inhibitors, also have anticoagulant effects, which depending on dosage can be used
prophylactically in the prevention of coagulopathy,9 or at
higher doses are used for reducing pain and inflammation
but can contribute significant gastrointestinal risks.6 Furthermore, conflicting evidence exists regarding whether the
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yanobacteria, or blue-green algae, have survived
and evolved over the last 3.5 billion years and are considered the evolutionary bridge between bacteria and green
plants. Their adaptive ability to harvest sunlight through a
broader light spectrum than most green plants, as well as their
ability to utilize other forms of energy, has made these organisms well adapted to survive and inhabit diverse habitats
hostile to other life forms.1,2 Edible cyanobacteria, including
Spirulina platensis, Spirulina maxima, and Aphanizomenon
flos-aquae, were introduced to the health food market in the
late 1970s and have gained considerable popularity in the
health food industry. The bright blue light-harvesting pigment phycocyanin, unique to cyanobacteria, is a known anManuscript received 23 November 2015. Revision accepted 20 May 2016.
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intake of NSAIDs is beneficial or detrimental to different
types of bone- and joint-related diseases.10 An association
has been suggested between intake of aspirin and the prevention of the progression of nontraumatic necrotic bone
disease in young adults.11 In contrast, intake of NSAIDs in
adults with different types of arthritis has been associated
with negative impact on bone metabolism.12,13 Recent research warns that certain NSAID medications affect the
gut–brain axis, triggering broad systemic, endocrine, and
behavioral changes, including disturbances in heart rate,
body temperature, and anxiety-like behavior.14
Seeking nonpharmaceutical interventions for chronic pain
has led to an increasing attractiveness of natural products
with COX-2 inhibiting properties.15–17 Spirulina’s safety as
a food has been established through centuries of human use,
as well as through numerous toxicology studies.18,19 However, such safety data do not automatically vouch for the
safety of extracts and purified compounds from Spirulina,
and hence, further safety documentation is needed for such
extracts.
There is a potential for natural compounds to provide
more multifaceted biological effects. As an example, phycocyanin’s bioactivity extends beyond its COX-2 inhibiting
properties. Phycocyanin has been shown to activate Nrf2,20
and this may account for its effect on heme oxygenase-1
(HO-1).21 The activation of HO-1 may be secondary to Nrf2
activation, and Nrf2 activation could also contribute to activation of phase II enzymes in the liver and decreased liver
enzymes.22 Phycocyanin contains an open-chain tetrapyrrole chromophore known as phycocyanobilin (PCB), with a
chemical structure similar to that of biliverdin, susceptible
to biliverdin reductase, giving rise to phycocyanorubin, an
analog of bilirubin.23 PCB constitutes up to 1% of the dry
weight of Spirulina, with higher free radical scavenging
properties than intact phycocyanin,24 and strong protective
properties in ischemia-induced inflammation,25 as well as in
diabetic nephropathy.26 Consumed PCB may have a considerable potential for preventing or slowing the progression
of a wide range of neurodegenerative disorders.27 These
bioactivities of PCB may, in part, be explained by its potent
inhibition of NADPH oxidase,23 which plays a key role in
the generation of superoxide during the respiratory burst in
neutrophils. Due to the inflammatory generation of free
radicals by NADPH oxidase, it is a major cause of atherosclerosis, and NADPH oxidase inhibitors may reverse atherosclerosis.28 PCB also activates atheroprotective heme
oxygenase-1 (HMOX1) in endothelial cells, and its multifaceted effects may represent an important mechanism of
this food supplement for the reduction of atherosclerotic
disease.29 The ability of HO-1 to catabolize free heme and
produce carbon monoxide (CO) suggests that its antiinflammatory properties involve upregulation of IL-10 and
IL-1R antagonist expression.30
Specifically, due to the COX-2 inhibiting properties of
phycocyanin, it may potentially interfere with blood clotting, at least when pure phycocyanin is introduced to
molecular and cellular components of the blood clotting
machinery in vitro. Purified phycocyanin from Spirulina

fusiformis was tested for its effect on the fibrinolytic system
in vascular endothelial cells in vitro, where phycocyanin
increased the fibrinolytic activity in a dose-dependent
manner.31 Purified phycocyanin is used for injection in
medical imaging due to its fluorescent properties, and injectable phycocyanin may represent a potential pharmaceutical agent for the treatment of thrombosis due to its
potent effects on multiple aspects of platelet activation,
causing a reduction of platelet aggregation at nanomolar
concentrations.32,33 In contrast, using the euglobulin fibrinolytic assay, we have previously reported that phycocyanin
did not inhibit blood clotting in vitro, where clot formation
and subsequent fibrinolysis were monitored in the absence
versus presence of phycocyanin. Our data showed that
phycocyanin contributed to the antioxidant properties and
anti-inflammatory effects, without a negative impact on
blood clotting in vitro; the time for clot formation and lysis
was not affected.34
Whether the consumption of phycocyanin results in a
measurable effect on components of the blood clotting molecular machinery in humans remained a pertinent safety
question, and was the motivation for conducting the study
reported here. Previous pilot studies on the phycocyanin-rich
aqueous cyanophyta extract (ACE) used for the current study
showed that the consumption of ACE at a dose of 0.25–1.0 g/
day was associated with relief of chronic pain.35 In light of
conflicting data from laboratory tests and the question of
whether consumed phycocyanin could lead to anticoagulant
effects in vivo, the goal for the study reported here was to
document important safety parameters specifically pertaining to blood coagulation and platelet activation in a human
population when ingesting a higher dose of 2.3 g ACE per
day, corresponding to *1 g of phycocyanin per day.
MATERIALS AND METHODS
Study design
A randomized, double-blind, placebo-controlled study
design was used for this clinical study. Twenty-four people
qualified for enrollment in the 2-week study on signing
written informed consent, as approved by the Sky Lakes
Institutional Review Board. The inclusion and exclusion
criteria are shown in Table 1. The participants were randomized to receive either product or placebo for the 2week study. The prescreening involved an interview to
document gender, age, body mass index (BMI), medical/
surgical history, diet/lifestyle, current health issues, medication, and supplement use. If subjects met these criteria,
they were scheduled for a screening visit to evaluate electrocardiogram (ECG) and blood chemistry. Subjects who
passed the prescreening interview and met the screening
criteria were invited to participate and after signing an
informed consent were enrolled in the study. The study
was carried out during 2014/2015 through NIS Labs located in southern Oregon (United States), where study
participants live and work at an elevation of 1200–1500 m
above sea level.
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Table 1. Inclusion and Exclusion Criteria for the Study
Inclusion criteria
Adult men and women 25–65 years of age;
BMI below 35;
Chronic pain related to specific joint(s), for more than 6 months.
Exclusion criteria
Currently taking medication for blood pressure or lipidemia;
Currently taking anti-inflammatory nutritional supplements judged
by the study coordinator to camouflage or enhance the effects of
the test product;
Unwilling to maintain a constant intake of supplements over the
duration of the study;
Currently taking prednisone, or regular prednisone consumption
within last 3 months;
Known active liver disease;
Known active kidney disease;
Known active cardiovascular health issues;
Known active inflammatory or autoimmune disease;
Cancer and/or chemotherapy during last year;
Family history of sudden death before the age of 40;
Currently experiencing intense stressful events/life changes that
could affect compliance;
Food allergies related to test product.
BMI, body mass index.

Consumable test products
The active consumable product for this study is an ACE,
Cyactiv, and is based on proprietary aqueous processing of
Arthrospira platensis biomass, produced at Cerule LLC
(Klamath Falls, OR, USA). The lot used for this study was
obtained from Cerule LLC, where the extract Cyactiv is
produced using a proprietary process involving aqueous
extraction technology. The lot had *40% phycocyanin by
weight, and also contained nonphycocyanin bioactive antiinflammatory compounds.31 A color-matched placebo powder was made from rice flour. The ACE and placebo were
encapsulated in vegetarian cellulose capsules and bottled in
similar bottles. Subjects were instructed to return bottles
with unused capsules at the study exit visit, and remaining
capsules were used to document compliance.
Blood pressure
Blood pressure readings were performed using an Omron
741 or 742 monitor, and were scheduled at the same time of
the day for each subject. At each study visit, blood pressure
was measured two or three times at a sitting position after
a 5-min rest, with at least a 3-min interval between each
measurement. Subjects were asked not to smoke, eat, or
exercise 1 h before their appointment, and all study participants adhered to the requirements of abstinence from
exercise and nicotine and caffeine use for 1 h before a
study visit.
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Blood collection
On each of the two study visits (baseline, 2 weeks), a
blood sample was drawn. A complete blood count with
differential count was performed, as well as blood chemistry. Additional serum samples were used for testing for
activated partial thromboplastin time (aPTT), thrombin time
(TT), and fibrinogen activity.
Platelet P-selectin expression
The level of platelet activation was evaluated by dual
staining with the platelet marker CD42a (glycoprotein IX,
which together with glycoprotein Ib, forms the receptor for
von Willebrand factor) and CD62P. The CD62P selectin is
a selectin-type cell adhesion molecule, residing in intraplatelet vacuoles until platelets are activated, after which
CD62P is rapidly expressed on the platelet surface. Whole
blood samples were stained with fluorescent anti-CD42a and
anti-CD62P monoclonal antibodies (BD Biosciences, San
Jose, CA, USA) and incubated for 20 min in the dark. Red
blood cells were lysed using High-Yield Lyse (Life Technologies, Grand Island, NY, USA), vortexed, and incubated
for 10 min. All samples were stained and analyzed in triplicate. Samples were acquired within 2 h using the acoustic
aligning Attune flow cytometer. Platelets and plateletbound leukocytes were identified as CD42a-positive particles, and electronic gating on CD42a-positive particles was
used to analyze platelets for CD62P fluorescence intensity.
Soluble P-selectin
Serum samples were tested in duplicate for soluble Pselectin using a Luminex magnetic bead-based kit (ProcartaPlex Human P-Selectin Simplex; Ebioscience, San
Diego, CA, USA), performed according to the manufacturer’s instructions. Samples were analyzed on the MAGPIX
instrument (Luminex Corporation, Austin, TX, USA) using
the xPONENT software (Version 4.2; Software Solution for
Luminex, Hoorn, The Netherlands).
Coagulation markers
Plasma samples were tested for aPTT, TT, and fibrinogen
activity at Machaon Diagnostic Laboratory (Oakland, CA,
USA).
Pain assessment
The pain assessments at the baseline and the 2-week visits
involved the scoring of pain levels in the areas of the body
identified by each study participant as their primary and
secondary area of pain limiting their daily activities. Scoring was performed using the visual analogue scales (VAS,
0–100), and subjects were asked to score their individual pain
areas for pain levels when at rest and when physically active.

Electrocardiogram

Statistical analysis

At screening and the 2-week follow-up, a three-lead ECG
was performed.

Average and standard deviation for each data set was calculated using Microsoft Excel. Statistical analysis of clinical
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Table 2. Demographics of Study Population

Females
Age averagea
Age range
BMI averagea
BMI range
Males
Age averagea
Age range
BMI averagea
BMI range

Placebo

Cyactiv

9
42.7 – 10.5
25.6–53.6
26.9 – 4.8
20.5–33.9
3
44.1 – 18.6
32.1–65.5
32.4 – 1.9
31–34.6

10
50.1 – 11.5
25.7–65.9
29 – 3.1
24.5–33.5
2
45.3 – 1.2
44.5–46.1
30.3 – 2.8
28.4–32.3

Electrocardiogram
P
.1608

All study participants were screened to ensure a normal
ECG before enrolling into the study. There were no changes
in individual ECG readings after the 2-week study participation (data not shown).

.3008

Blood chemistry
.9189
.4697

a

The average – standard deviation is shown.

data was performed as ‘‘between-group’’ comparison using
the two-tailed, unpaired t-test. Statistical significance of
changes from baseline to the 2-week assessment was evaluated by ‘‘within-subject’’ analysis using the two-tailed paired
t-test. A trend was defined as P < .1. Statistical significance
was defined as P < .05, and a high level of significance P < .01.
RESULTS
Demographics and compliance
The study population was predominantly female, with 19
women and 5 men distributed evenly between the placebo
and ACE groups with no significant differences between the
age and BMI between the two groups (Table 2). All subjects
showed greater than 80% compliance, with an average
compliance of 97%.
Blood pressure
There were no statistically significant differences between the two groups regarding systolic and diastolic blood
pressure at baseline or after 2 weeks. The consumption of
ACE was associated with a mild reduction in diastolic blood
pressure, but did not reach statistical significance within the
2-week study (P < .15). This effect was seen for both female
and male study participants (Table 3).

The blood chemistry data showed a mild, but highly significant reduction in aspartate transaminase (AST) after 2
weeks of ACE consumption (P < .001), in contrast to placebo
where no changes were seen; the difference in AST levels
between the two groups was significant at 2 weeks (P < .02)
(Fig. 1A). In addition, a reduction in alanine transaminase
(ALT) was also seen in the group consuming ACE, however,
the reduction did not reach statistical significance (P < .08)
(Fig. 1B). A mild reduction in the A/G ratio was seen in the
ACE group. A slight increase in blood CO2 was seen in the
ACE group, in contrast to a slight decrease in the placebo
group, resulting in a significant difference between the two
groups’ averages at 2 weeks; however, the changes were
minor and well within the normal range. No other changes in
blood chemistry were seen (Table 4).
Platelets
The activation status of blood platelets plays an intricate
role in blood coagulation. Due to the well-documented
COX-2 inhibiting effects of phycocyanin,3–5 and therefore a
potential role for interfering with platelet function,28–30 it
was a central part of this study to evaluate various markers
pertaining to platelet function and activation status (Fig. 2).
During the 2-week study, no changes were seen in platelet
numbers in subjects consuming a high dose of 2.3 g/day of
the phycocyanin-enriched extract (Fig. 2A). A small but statistically significant reduction in mean platelet volume was
seen in the group consuming ACE (P < .02) (Fig. 2B). No
differences were seen between the placebo and ACE
groups pertaining to platelet aggregation or platelet Pselectin expression, or serum levels of soluble P-selectin
(Fig. 2C, D).

Table 3. Blood Pressure Results

Females
Systolic averagea
Systolic range
Diastolic averagea
Diastolic range
Males
Systolic averagea
Systolic range
Diastolic averagea
Diastolic range

Placebo week 0

Placebo week 2

P*

Cyactiv week 0

Cyactiv week 2

P*

P**

9
112.7 – 8.9
100–127
70.8 – 9.1
56–85
3
131.7 – 5.5
128–138
75 – 7
70–83

9
111.3 – 9.9
98–129
70.2 – 9.6
55–81
3
127.7 – 9.0
117–136
75.3 – 7.6
67–82

10
.3886

10
120.8 – 15.3
99–155
75.5 – 12
58–96
2
113.5 – 6.4
109–118
75 – 5.7
71–79

120 – 15.8
98–148
73.3 – 11.6
56–94
2
114 – 2.8
112–116
73.5 – 6.4
69–78

.7496

.7988

.2017

.5043

.8743

.3892

.2048

.6482

a
The average – standard deviation is shown.
*P-values for changes from baseline to 2 weeks within each group.
**P-values for comparing changes between the two groups.

.6402

.3828
.9333
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mally notice bleeding gums, reported mild incidents of
bleeding gums in association with brushing their teeth during the study.
Female pre-/perimenopausal study participants were asked
about symptoms associated with menstrual discomfort as
well as bleeding duration and intensity. However, there were
only two pre-/perimenopausal female volunteers enrolled in
the study, and both volunteers were in the placebo group.
Thus, this study did not include systematic data collection on
menstrual discomfort or bleeding intensity.
Reduction of chronic pain

FIG. 1. Serum levels of the two liver enzymes (A) AST and (B)
ALT are shown as the group averages – standard error of the mean
for baseline and 2-week samples from the group consuming the ACE
(solid lines) versus placebo (dashed lines). A reduction was seen in
the ACE group for both enzymes, where the change for AST reached a
high level of statistical significance within the ACE group (##P < .01).
The difference in AST levels between the ACE and placebo groups
at 2 weeks was statistically significant (*P < .02). ACE, aqueous
cyanophyta extract; ALT, alanine transaminase; AST, aspartate
transaminase.

Clotting markers
Plasma was tested at baseline and after 2 weeks of consuming 2.3 g/day of the phycocyanin-enriched ACE (Table 5).
There were no changes in aPTT or thrombin clotting time
between the two groups. There was a mild but statistically insignificant increase in fibrinogen activity in the
group consuming ACE, in contrast to the group consuming
placebo.
Other observations
Data were collected regarding subjective observations
from study participants, including gastrointestinal discomfort, since this could be a potential concern due to the COX2 inhibiting properties of phycocyanin. There were no
reports of gastrointestinal discomfort above what was normal for each study participant. Questions were also asked
pertaining to bruising, gum health, and nose bleeds. One
person consuming ACE reported mild bruising during the
study, and three people consuming ACE, who did not nor-

To perform the safety evaluation in a study population
that reflects the typical consumer of ACE, the study was
conducted in a population with a long history of chronic pain
but not diagnosed with a specific joint disease. Based on
previous data on pain relief when consuming 1 g ACE per
day, it is not surprising that a robust decrease in pain scores
was seen in the ACE group in this study, where study participants were consuming 2.3 g/day (Fig. 3). Each individual’s anatomical areas for chronic pain were identified
before study start, based on the degree with which the pain
interfered with daily living. Pain scores were collected for
primary and secondary pain complaints at rest and when
physically active. Pain scores for primary pain at rest and
when active were similar between the two groups at baseline, but were statistically significant after 2 weeks (P < .05).
The reduction in primary pain scores within the ACE group
was highly significant (P < .01).
DISCUSSION
The clinical study reported here is the first to address
specific safety concerns about consumption of blue-green
algal consumables and extracts thereof, where the content of
the light-harvesting pigment phycocyanin has raised questions about potential anticoagulation effects in vivo. Edible
blue-green algae include Spirulina and Aphanizomenon
species and subspecies, containing the COX-2 inhibitor
phycocyanin, as well as additional nonphycocyanin antiinflammatory compounds.31 Due to the potential of reduced
blood coagulation associated with phycocyanin consumption, a previous clinical study collected safety-related data
when subjects consumed 1 g ACE per day for 4 weeks. The
results showed no changes in standard safety parameters,
including platelet numbers and blood chemistry.32 The study
presented here involved consumption of 2.3 g ACE per day
for 2 weeks and a comprehensive set of tests specifically
pertaining to platelet activation and blood coagulation. The
dose of 2.3 g ACE per day (equivalent to 1 g phycocyanin)
was chosen based on the evaluation by the U.S. Food and
Drug Administration where 1 g/day phycocyanin is Generally Recognized as Safe (GRAS).36 Data from this study
showed no changes to blood pressure, ECG, blood chemistry, platelet numbers, and activation status as reflected
by P-selectin expression. The consumption of ACE did not
change aPTT or thrombin clotting time, nor did it reduce
normal fibrinogen activity, suggesting that normal blood
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Table 4. Blood Chemistry
Reference ranges

Test (Unit)
Sodium (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)
CO2 (mmol/L)
Calcium (mg/dL)
BUN (mg/dL)
Creatinine (mg/dL)
BUN/Crea ratio
Glucose (mg/dL)
Total protein (g/dL)
Albumin (g/dL)
A/G ratioa
Alk phos (IU/L)
Bilirubin (mg/dL)
Ca Osmol (mOsm/kg)

Min

Max

135.00
3.50
101.00
22.00
8.60
6.00
0.60
12.00
74.00
6.50
3.50
1.20
38.00
0.30
260.00

145.00
5.10
111.00
32.00
10.30
20.00
1.30
20.00
106.00
8.20
5.00
2.20
126.00
1.20
300.00

Placebo
week 0

Placebo
week 2

138.19 – 1.16 137.73 – 2.11
4.21 – 0.25
4.2 – 0.22
105.56 – 1.34 105.64 – 1.87
25.68 – 1.14
24.86 – 2.23
9.28 – 0.38
9.26 – 0.33
12.58 – 3.34
12.08 – 2.71
0.83 – 0.14
0.81 – 0.16
15.31 – 3.83
15.65 – 4.97
83.5 – 11.73 82.08 – 8.61
6.81 – 0.43
6.74 – 0.29
4.08 – 0.4
4.1 – 0.27
1.52 – 0.28
1.58 – 0.26
56.33 – 15.74 56.58 – 13.53
0.82 – 0.29
0.69 – 0.23
275.17 – 3.17 274.07 – 4.19

P* placebo
(0–2 weeks)
.411
.921
.880
.173
.882
.663
.391
.829
.507
.572
.714
.104
.828
.068
.355

ACE week 0

ACE week 2

137 – 2.01 137.39 – 1.76
4.21 – 0.1
4.08 – 0.2
105.54 – 3.02 105.29 – 1.65
24.85 – 2.32
25.74 – 2.34
9.1 – 0.27
9.02 – 0.26
14.58 – 3.58
13.08 – 3.26
0.78 – 0.19
0.77 – 0.14
19.68 – 7.05
17.38 – 5.07
85.25 – 5.99
84.25 – 8.5
6.75 – 0.39
6.74 – 0.40
3.95 – 0.25
3.9 – 0.35
1.46 – 0.3
1.43 – 0.34
62.42 – 14.96 62.58 – 14.04
0.77 – 0.26
0.78 – 0.42
273.75 – 4.6
273.91 – 3.53

P**
P* ACE
placebo
(0–2 weeks) ACE
.526
.027
.735
.135
.384
.160
.877
.169
.661
.922
.515
.491
.892
.927
.909

.291
.219
.757
.038
.626
.422
.375
.296
.983
.742
.372
.049
.738
.367
.472

The average – standard deviation is shown.
a
Albumin/Globulin ratio.
*P-values for changes from baseline to 2 weeks within each group.
**P-values for comparing changes between the two groups.
ACE, aqueous cyanophyta extract.

FIG. 2. Parameters pertaining to platelet numbers (A) platelet count, (B) mean platelet volume and activation status, (C) platelet P-selectin expression,
and (D) soluble P-selectin are shown as the group averages – standard error of the mean. Consumption of ACE was associated with a miniscule but
statistically significant reduction in platelet mean volume (*P < .02) and a mild reduction in serum levels of soluble P-selectin (*P < .06).

651

PHYCOCYANIN SAFETY
Table 5. Blood Clotting Markers
Placebo
Test (Unit)
aPTT (sec)
Thrombin time (sec)
Fibrinogen activity (mg/dL)

ACE

Reference ranges

Week 0

Week 2

P*

Week 0

Week 2

P*

P**

22.7–35.8
17.2–23
170–410

25.35 – 0.78
17.87 – 0.16
311.17 – 27.46

25.43 – 0.83
18.57 – 0.27
294.75 – 22.53

.896
.026
.127

25.30 – 0.59
17.76 – 0.12
330.75 – 16.76

25.78 – 0.63
18.33 – 0.24
343.67 – 24.02

.441
.040
.364

.429
.695
.257

The average – standard deviation is shown.
*P-values shown for the change from baseline to 2 weeks within each group.
**P-values shown for the difference in the 2-week change between the two groups.
aPTT, activated partial thromboplastin time.

clotting ability was maintained. Subjective observations by
some study participants included one case of increased
bruising and three cases of incidents of bleeding gums while
consuming ACE. This suggests that daily consumption of
high doses of the phycocyanin-rich ACE may have a mild
inhibiting effect on the blood clotting system, independent
of the clotting factors and markers pertaining to platelet
activation included in this study.
A mild but significant reduction in AST and a mild but
insignificant reduction in ALT suggested a mild improve-

ment in liver function. Even though the AST and ALT
enzyme levels remained within the normal range, the reduction may be of some clinical significance. The effect
may possibly be due to PCB uptake on digestive breakdown
of phycocyanin, as PCB has been reported to protect liver
function.37 A possible mechanism may include the role of
Nrf2 in increasing liver enzymes.22
Due to an uneven gender representation in the study,
gender-specific analysis is limited to the female population.
Interestingly, the average percent of activated platelets in

FIG. 3. Pain scores shown as the group averages – standard error of the mean for (A) primary and (B) secondary pain complaints at rest and
when physically active (C, D). Each individual’s anatomical areas for chronic pain were identified before study start, based on the degree with
which the pain interfered with daily living. Consumption of the ACE was associated with reduced pain scores. Pain scores for primary pain at rest
and when active were similar between the two groups at baseline, but were statistically significant after 2 weeks (* <.05). The reduction in primary
pain scores within the ACE group was highly significant (##P < .01). Pain scores for secondary pain at rest showed a statistical trend between the
two groups ((*)P < .1) as well as within the group consuming ACE ((#)P < .1). The reduction in pain scores for secondary pain when active was
statistically significant within the group consuming ACE (#P < .05).
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the blood circulation was reduced by 49% in females consuming ACE, in contrast to only 9% in the group of females
consuming placebo, further suggesting a broad antiinflammatory effect of ACE. The average reduction in soluble P-selectin was seen for both genders and was more
robust in the male population consuming ACE (16% reduction), compared to the female population consuming
ACE (8% reduction).
This study also verified previous documentation of relief of
chronic pain associated with consumption of ACE. Based on
previous data,32 it was not surprising that rapid and robust pain
relief was seen for the higher dose used in this study. We
suggest that the pain reduction may be due to the complex
effects of phycocyanin in inhibiting COX-2 enzymatic activity, as well as PCB effects on reducing NADPH oxidase and
increasing HMOX1 activity as the consumed phycocyanin is
digested. Furthermore, the anti-inflammatory effects of the
nonphycocyanin fraction include inhibition of lipoxygenase
activity and additional anti-inflammatory effects, independent
of phycocyanin.31 It is important that the observed relief of
chronic pain was associated with a good safety profile pertaining to blood coagulation. Overall, anti-inflammatory effects, such as effects on C-reactive protein and inflammatory
cytokines, were not included in this study.
In conclusion, this report adds substantial weight to the
safety portfolio for phycocyanin-containing consumables and
extracts. This 2-week study, even though short, was an important step in ongoing safety documentation, and based on the
lack of safety concerns in a fairly healthy population, it should
now be followed by longer studies. Future studies are warranted to expand on this safety documentation, including
studies of longer duration and including premenopausal females. Further studies are also warranted for evaluating safety
in the training athlete and other populations that may consume
high amounts of phycocyanin-rich extracts to reduce pain and
accelerate resolution of exercise-induced inflammation.
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