h water green a{ga rich in proteins; vitamins, and rmnera!s
Taﬁnd evidence of the potential of chlorelln dietary sup-

relieve signs and symptoms, improve quality of life, and - vents its native form from being adequately dwes

) chloreﬂa can he dxgested by humans only aft

0dy finctions in people with chronic illnesses, specy?cail
igia; hypertension, and ulcerative colitis. ..

: Daub!e blind, placebo-conirolled, randomzzed ?Imzcal trmls
ma Commonwealth Umversujrs Medtcal Co!!ege of

ifty ﬁve subjem' wzth ﬁbmmyalgza 33 wztiz k)pcrten
with lcerative colitis.

o Subjects consumed 10 g cy" pure chlorella in tablet _

ml of a'liguid contammg an extract of ch!ore!!a each
months. -
me:Measures: » For ﬁbromyalgia- pdtz‘énts,' assess-
d. overall: quality: of life. For hypertensive:patients,
sitting diastolic blood pressure and serum lipid lev-
ith ulcerative colitis, determmatzan qf state: af dis-
Activity Index. - B

fary supplementaﬂan with ch!orella may reduce
lower serunt c}_wlesteml levels, accelerate wound

.'lgfé',"a'hdn”

Merchant, evo. Virginia Commanwmlth Umvemty Mzdimi Colfzgc
W‘p&aﬂe, (304} §28- 9528 ﬁu’ (804) 828- 0374  e-mai,
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‘The dietary supplements were given to 21 patients as an

adjunct to any other treatment they m1ght have been receiving for
their brain tumors. Patients consumed 20-g chlorella tablets and
150 mL of the chlorella extract daily for up.to 2 years. Although
this dietary chiorella supplementation did not significantly affect
the patients’ survival, immune system parameters-including lym-
phocyte, natural killer cell, and neutrophil counts as well as lym-
phocyte responses to antigens and natural killer cells’ cytotoxic
activities were at near-normal levels. These variables were less
adversely affected by chemotherapy and the immunosuppressive
effects of medications and protein secretions of the tumors-than
would have been expected in these patients.

Ne toxic effects have ever been observed in laboramry ani-
mals or humans who have consumed C pyrenoidosa; regardless of
whether the alga’s cell walls were intact or broken.* In clinical
studies at other institutions; amounts of chlorella similar to the
amount that our group of patients with brain tumors consumed
were given without any adverse effects (reviewed by Merchant et
al’). Temporary changes in the general state of health (foose
bowel movements, abdominal cramps, and/or mild nausea),
however, have been attributed to the addition of broken cell wall
preparations of C pyrenvidosa to a diet.

In our study of patients with brain tumors, approximately

“half reported temporary irregularity of bowel. movements
and/or mild nausea during the first few days of adding chlorella

daxly dosages of chloreiia tablets and extract were reached No
noted in these patients Adverse chaugee ina patlents clinical
status usually correfated closely with evidence-of tumor recur-
rence and/or progressive growth seen on computed tomograms

* that addmg chiorelia to
a health benefit, there remains a clear need for mure scientific
research directed at specific diseases, particularly t those of a
chronic, protracted nature. Furthermore, such studies must be
designed and carried out acccrdmg to current conventional

principal focus of our recent chmcal researc ‘was 1o ﬁnd evi-
| “dence of chlorella’s potential to relieve signs and symptoins,

* with chronic illness. Specifically, the suppleme

‘| CHLORELLA PYRENOIDOSA
For these clxmcal tna!s subjects consumed 2 dietary supple-

Vitamins found in C pyrenoidosa include vitamin C, provitamig

include phosphorus, calcium, zine, iodine, magaesium, i

to their diet. Cramping sensations and flatus also were reported, ous caramel coloring (1.68%), malic acid (0.67%), lemon es

but any intestinal discomforts the patients experienced resolved

‘spontaneously within a few days to a week after the maintenance - .
chlorella recommended by the manufacturer of the-tablet

. extract used in these studies is-15 tablets (3 g} and 30

or maguetlc resonance unages and therefore could be not -

" sion and ulcerative colitis tnals and 3 months in the _ﬁb

=da understood their role and responsibilities for the stu

methods to be recognized as valid by the scientific and medical .
-approved by the Virginia Commonwealth University Com

community. Careful and thorough studies such as those con-
ducted and :eviewed in thie report ihvolﬂng 'patlents with

' particular study was determined and baseline dat,a'r(r

improve quality of life, and. normalize bocly functions i in those -

 in subjects with ﬁbromyalgm hypertensmn or ulcemtive cohtxs - :
' clinic visits to assess the status of subjects and to det

r

| .doing assessments specific to the study in which the subjects

ments: solid tablets called “Sun Chlocella” and a liquiei calle [

participated, the authors collected urine and venous blood sam-

“Wakasa Gald” (provided by the Sun Chlorella Corporation; |

ples at baseline and at specific times thereafter for analysis.

Kyoto, Japan). The chlorella tablets were formed oaly of a prepa
ration of C pyrenoidosa with broken cell walls and were com
posed of 60% protein, 20% carbohydrate, ‘and about 118
unsaturated fat. Each chlorella microorganism contains 2
g/kg chlorophyll; its proteins contain all the amino acids knowr

In all of these studies, subjects used a log book and record-
ed the following information each day: (1) total number of
chlorella (or placebo) tablets taken; (2) total volume of the
chiorella extract (or placebo) consumed; (3) name and total daily
dose of any concomitant drugs; (4) any signs or.symptoms_of

to be essential for the nutrition of animals and hurnan bein

A (B-carotene), thiamine (B,), riboflavin (B,), pyridoxine (By) §
niacin, pantothenic acid, folic acid, vitamin B, ,, biotin, cholm
vitamin K, lipoic acid, and inositol. Minerals in C pyreroid

and copper. The chlorella extract contains CGF along with ma
acid (apple acid), fructose, lemon essence, and water.

When placebo chlorella tablets and placebo liquid chlore
extract were used, they too were provided by the Chlore
Corporation in packaging that was identical to the packaging
the chilorella tablets and extract. The tablets, which were iden
cal in size, shape, and color to the chlorella tablets, were co
posed mainly of lactose (88.74%), followed by lecithin (3.
gardenia yellow (3.55%), sodium iron chlorophyilin (1. 77
suerose esters (1.77%), and briltiant biue FCF (0.18%). The pla
bo chlorella extract was mainly water (80.73%), suppleme
by 0.1'N sodium hydrox:de (11.21%), fructose (5.21%), 5%

(0. 42%) and sodium Glutamate 0.08%). . -
For people in good health, the daily maintenance dosa

respectively. Daily consumption among healthy people who
plement their diet, however, varies from 1 to 30 tablets (0:
g)and up to 45 mL chlorella extract. For the studies describ
this review, subjects consumed 50 chlorella tablets (10 cv)
100 L of chlorella extract daily for 2 months in the hype

gia crossover study.

COMMON METHODS
All subjects who participated in the clinical trials of chl

granted their informed consent. The treatment protoco

on the Conduct of Human Research and performed in
dance with all appropriate guidelines and regulations. Aft
subject provided informed consent, his or her eligib

late) specific to each clinical trial were obtained.

For each subject a brief medical history was taken
physical examination was performed to establish elig;
‘Depending on the study, these examinations were repe

‘whether any new medical condition was present that mig
traindicate their continuing the dietary supplements

.80 'ALTERNATIVE THERA[’IES MAY/]UNE 2001, VOL. 7. NO. 3

Review of Recent Clinical Trials of Chlorcild

eir disease that had either improved or worsened and any
adverse event; and (5) general level of physical activity, sleep
quality, musculoskeletal pain, headache, and any stresses for
at day. All participants were asked not to add any new medica-
ns or treatments during the course of the study without noti-
¢ one of the investigators.

ROMYAI.GIA SYNDROME .

myalgia syndrome.® The major complamt of patients with
myalgla syndrome i$ a generalized achiness, but its defini-
diagnosis is based on standards established by the American
ge of Rheumatology—criteria based on the severity of a
nt's tenderness at a minimum of 11 tender pointsin 18
ristic locations measured by palpation.*” A tender point
PI) also can be caleulated by taking into account the
pain the subject feels at each site. Besides pain, other
ms may be present in fibromyalgia syndrome including
sleep problems, morning stiffness, and headaches.

st patients with fibromyalgia syndrome can get some
ym symptoms with nonpharmacological methods such
e aerobic exercise or by increasing the amount of sleep
aintaining a regular sleep:schedule. Tricyclic antidepres-

1nd randomized “controlled. trials - of ‘these
sants for fibromyalgia have shown improvement in
ity and modest benefit for stiffness and tenderness
by Arnold et al*). Low doses of amltnpty[me for

ts such as weight gain, dry mouth, :and cognitive
t'when given in doses sufficient to reheve siens and
fibromyalgia.®® :

cause tolerance to its sedatwe effect can develop, the
iptyline often must be increased to maintain any
though several other classes of medications such as
(Flexeril) and alprazolam (Xanax) also have been
trolled clinical trials to help relieve signs and symp-
algia syndrome, ™ no. evidence has been found
‘serotonin reuptake inhibitors such as fluoxetine
‘benefit for pain management or relief of other
oms* (reviewed by Smith®). Serotonin substrate
ia L-tryptophan or 5-hydroxytryptophan, how-
ymptoms of depression, anxiety, insomnia, and
patients with fibromyalgia syndrome.®

ew trials of nonpharmacological, “alternative”
ibromyalgia syndrome have been performed.

the United States, 2% to 4% of the veneral populauou has

ommonly used in: the treatment of fibromyalgia syn-

prove deep sleep but the drug may cause some

_ come variables was determined.

one for evaluanng pain and the other for evaluating, overall

One of the more interesting trials that used standard data collee-
tion instruments for fibromyalgia syndrome was a pilot study
using a mind-body approach {cognitive-behavioral therapy) per-
formed at the University of Maryland School of Medicine a few
years ago. That study suggested that such an intervention could
be an effective adjuncnve therapy " In the trial, 28 subjects with
fibromyalgia syndrome underwent 8 weekly sessions with 3
compaonents: an educational component focusing on the mind-
body connection, a portion focusing on relaxation response
mechanisms, and a qigong movement therapy session. The 20
patients who completed the study showed significant reductions
in pain, fatigue, and sleeplessness as well as improved function,
moad state, and genersal health. At present, no feod, dietary sup-
plement, or herbal preparation has been proven effective for
relief of fibromyalgia syndrome in controlled studies.

The authors of the present study have conducted 2 clinical
trials of chiorella in patients with fibromyalgia syndrome. The
first was an open-label pilot study that involved 18 subjects with
fibromyalgia syndrome who supplemented their diet with 10 g of
chlorella tablets and 100 mL of chlorella extract each day for 2
months.” Dietary supplementation with these 2 chlorella prod-
ucts led to a mean net decrease of 2 tender points from 17 at
baseline to 15 by the end of the study. The average TP, which
was 32 at baseline, decreased to 25, representing a statistically
significant decrease in the intensity of pain of 22% (P=.01). The .
results from patients’ questionnaires also suggested that they
had experienced modest improvements in most of their symp-
toms of fbromyalgia syndrome.

Although the results of our pilot study suggested that
chlorella in the diet improved symptoms of fibromyalgia syn-
drome, because the subjects were given open-label chlorella,
such data were subject to substantial risk of bias on the part of
both the subject and the investigator. Nevertheless, the possibil-
ity that subjects with fibromyalgia syndrome could have their
level of pain (as measured by the TPI) significantly decreased by
simply addmﬂ chlorella to thexr diet suwested thata placebo- :

was warranted: Therefore the ubjectwe ‘of this second clinfcal
investigation was to test the hypothesis that subjects with
fibromyalgia syndrome benefited from the addition of chlorella
to their diet. As we had done in the open-label study, each
patient’s clinical status was documented at strategic intervals
using validated, semiobjective and subjective outcome mea-
sures. The magnitude of any resultant change in'symptoms of
fibromyalgia syndrome~—pamculariy pam—-—and other out-

Of the 37 evaluable subjects with fibromyalgia syudrome,
who met eligibility criteria," there were 36 women and 1 man,
with'a mean age of 47.1 years (SD, 9.0 years). The average num- -
ber of tender points was 15.6 (SD, 2.4;. range, 11- 18), and:the
mean TP] for the group was 24.4 (SD, 7.4; range, 11-37). To be -
éligible for the study, subjects also had to mdlcate a 4 or higher
on at least 1 of 2 self-administered 10-cm visual analog scales: -
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feeling of well-being in light of the signs and symptoms of
fibromyalgia syndrome. For these, the mean score for pain was
7.0 (SD, 2.0) and the mean value for weli-being was 69 (D,
2.3), indicating that the study population thought that their
fibromyalgia syndrome caused them a great deal of pain and
was troublesome. o

At the beginning of the study, half the participants were
randomized to receive chlorella tablets and extract, and the
other half were given placebos of the tablets and the extract. The
protocol was a double-blind study design, meaning that neither

liquid) daily for 3 months. After this period, and following a I
month washout period when no supplement was c
subjects crossed aver from chlorella to pk:

done.

examination and assessment. of tender points were

no new abnormalities were found on physical examination in any
of the subjects, and all blood and urine parameters were within
normal limits of variation in subjects taking chiorella or placebo.

der point revealed that after 3 months of dietary supplementa-
tion with chlorella, a statistically significant (P=.009) decrease of

the subject nor the physician doing the tender point assessments _
knew which of the 2 supplements he or she was consuming.
They consumed the supplements (10 g of tablets and 100 mL of Al 03 LT
" tively). For subjects taking the placebo, a statistically significant

nsumed,

" “took chlorella was apparent at 1-tnonth. Unlike the chlorella,

* At the beginning and end of each 3-morith period, a ph;slcg! ~ however, the improvement resulting from the placebio appeared

Irrespective of the diet supplement the patient was consuming,

Measurement of the severity of a patient’s pain at each ten-

1.1 tender points was detected, whereas in the subjects taking  statistical significance (P=.06). The results of the FIQ also indi-

placebo for the same period, a slight increase of 0.3 was found in

other subjects (22%). When the 34 subjects who completed the
placebo arm of the study were subdivided by TP range. 13 (38%)
indicated less pain, 6 (18%) showed no change in TP1, and 15
(44%) indicated that the pain was worse.

Status based on change from baseline TPI

TABLE 1 Changes.in Tender Point index (TPI) after chiorella and placebo from visits 1 to 4

No. (%) of subjects

Chlorella (n=37) Placebo (n=34)

Functional abilities or limitafions were assessed in subjects
by ﬁéing the Fibromyalgia Impact Questionnaire (F1Q).* When
the subjects were consuming chlorella, there was a steady
decrease in the FIQ score, from an-average of 58.4 at baseline to
47.0 4t the end of the 3-month supplement period (Table 2). This
mean decrease of 114 (19.5%) in the score indicated a highly sta- Mildiy worse (>5-10% increase in TPI)
tis’tiéallf significant (P<.001) improvement in function. Also, Moderately worse (> 10-25% inerease in TPI)
imptd{fémehts in the FIQ score after 1 month-and 2 months-with Significantly worse (>25-50% increase in TPD)
chiorelia also were statistically significant (P=.03 and .01, respec- Very significantly worse {>50% increase in TPI)

Very significantly improved (>50% decrease iri TPI)
Significantly improved (> 25-50% decrease in TPD)
Moderately impraved {>10-25% decrease in TPI)
Mildly improved (>5-10% decrease in TP1)

No change (£5% decrease in TPI)

1 @3 0 (0}
7019 5 (15}
9(24) 5(15)
4 (11} 3
8 (22) 5(18)
0 (0 2 @
4 (11) 10 (29)
3 (8 3
1 (3 ()

improvement comparable to the improvement seet when they

as a useful method for prevention and treatment of hyperten-
on.** The 4 principal nonpharmacological methods are
eight control (or weight loss), diet modification, exercise, and
duced alcohol consumption. Dietary modifications have
focused on reductions in sodium and dietary fat or supplementa-
on with calcium, magnesium, potassium, and dietary fiber.
ndemized controlled trials have examined such diet modifica-
ns, but failed to demonstrate that a decrease or increase in
y one component lowers blood pressure.™ This result has led
e hypothesis that cations and fiber, which are found togeth-
“whole foods™ such as fruits, nuts, vegetables, and cereals,

to plateau, though the slight improvement in FIQ at 2 months
remained statistically significant (P=.04). At the end of the 3-
month period, improvement in the FIQ from visit 1 was only
7.4%, which was not statistically significant.

 Comparisons of the percentage changes in the score on the
FIQ from visit 1 to visit 4 for the chlorella and placebo arms-of
the study indicated a better response from participants in the
chlorella arm of the crossover, and this difference approached

cated that after consuming chlorella, 32 subjects’ fibromyalgia

of tender points between the patients taking chlorella and the
patients taking placebo at the end of each diet supplement peri-
od was statistically significant (P=.02). The mean TPL which
was 23.6.(SD, 6.0) at baseline, decreased to 21.8 (D, 7.0} after 3
months of taking the chlorella supplements. This decrease of 1.8

nificance (P=.07). After 3 months taking the
‘ments, the average TP went s

216 (5D, 6.0),'-é'difference that was not statistically significa

placebo

the mean number of tender points. The difference in the number

points (7.6%) in the intensity of pain approached statistical sig- -
supple-

symptorns were improved, whereas only & subjects had worsen-
ing of symptoms and 4 had no change in symptoms. This differs
fiom the results after consuming placebo; which indicated that
14 subjects’ symptormns were better, but 16 subjects had worse
ing of symptoms and 4 had no change. Taken together, the

results of this randomized, placebo-controlled, double-blind
crassover stizdy lead the authors to conclude that for most sub-

whose intake is therefore highly correlated, act in synergy to
ice a hypotensive effect. Vegetarians with diets rich in fruits
egetables have substantially lower blood pressure [evels on
e than do nonvegetarians.” The extensive Dietary
iches to Stop Hypertension (DASH) elinical trial also has
strated that a diet that emphasizes fruits, vegetables, and
‘dairy products; includes whole grains, nuts, fish, and
; ncl_rreduces fats, red: meat, sweets, and sugar-contain-

es can be highly gffect lowering blood ‘pres-

ith fibromyalgia syndrome, dietary chlorella suppleme
symptoms, ' : :

jects w

Results for patients who received dietary supplementation with

HYPERTENSION
chlorella first were similar to the results for patients who con- .

" sumed chlorella after taking placeba (data not shown). Thesame ~ an estimated 50 million Americans.* High blood pressure

was true when we compared results for patients who received -

ore clinical trials of specific foods, food groups, and
tterns are clearly warranted. Therefore, the objective
vical trial of chlorella was to uncover any evidence of
potential to lower diastolic blood pressure, improve
life, and normalize dyslipidemia in subjects with mild

* Hypertension is a serious public health problem that affec

‘mean sitting systolic blood pressure (SiSBP) of &

after taking chlorella.

placebo first with results for patients who consumed placebo -

r higher or a mean sitting diastolic blood pressu
90 mm Hg or higher. Hypertension carries the i
. heart attack, and other vascular diseases. Pharm

rate hypertension.. . S
tudy was open to people of either sex, aged 21 years

‘months, we found that 21 of the 34 subjects (62%) who

When we examined the 'IfVPI'a'ﬁd the péftentégél chéﬁge in -
TPI after subjects conisumed the 2 dietary supplements for 3
plet-

ed both arms of the crossover showed a better TPI (ie, less pain) * of antihypertensive agents are available to treat high blood

- after they consumed chlorella than they had shown after taking sure® Thiazide diuretics and B-blockers are used as firstli

ith: mild (mean SiDBP, 90-104 mm Hg) to moderate
P, 105-115 mm Hg) hypertension'who met all other
a for enroliment. All subjects had to be willing to
all medications given specifically for hypertension,

coldéiéai'tfeéﬁne'ht of hypertension has been shown to decrg
the these diseases and their complications-'Several Cla.s,

placebo. Characterization of these responses actording to the

percentage change in TPI during each of the cr has

~ bidity and death from cardiovascular disease. Other class

agenits to treaf hypertension, because these drugs reduce: e : B
gents 1o treat oyp o tion of myocardial infarction, premarin, and thyrox-

wed:

indicated that for the 37 subjects who completed the chlorela -
“arm, 21 (87%) showed a greater than 5% improvement in TPL;8 -
of these subjects had a greater than 25% decrease in pain (Table *

1). TPI was unchanged in 8 subjects (22%) and worsened in 8 lowering blood pressure and increasingly has been empha

drugs also in use for hypertension include angiotensin-con
ing enzyme inhibitors, o,-antagonists, and calcium antagon
Nonpharmacological intervention also can be effect

Iéfé- physical ekainination -and ‘lﬁ-léai‘(_i_.e{ect!:ocar-
. ere : performed at the screening visit (visit 1) and
isit (visit 5, or whenever the subject left the study).

ogy, serum (chemistry and lipids), and urine

uretics, though chronic therapies such as aspirin

Laboratory evaluations (ie, serum chemistry, lipid profile,
hematology, and urinalysis) were done at the screening, initia-
tion, and final visits (visits 1, 3, and 5). If the subject’s mean
- SiDBP was between 80 and 115-mm Hg, inclusive, and the sub-
ject met all other eligibility criteria, he or she received a month’s
supply of placebo tablets and placebo liquid and began taking
50 tablets and 100 mL of the liquid every day. None of the sub-
jects were aware that the tablets and liquid were placebos; most
importantly, all subjects were instructed to discoatinue any
medications they were taking for hypertension and to return to
the clinic after 4 weeks. -
Following this placebo period, subjects had to have a mean
SiDBP of between 90 and 115 mm Hg confirmed on 2 occasions
at least 24 hours apart (e, visits 2 and 3) to remain in the study,
On visit 2 (approximately 4 weeks after visit 1), subjects com-
pleted the quality-of-life questionnaire and had their vital mea-
surements taken. One to 7 days later, during visit. 3, subjects
completed the quality-of-life questionnaire, had their vital mea-
surements taken, and had laboratory assessments of blood

i,
subjects who still met eligibility criteria began daily dietary sup-
plementation with chlorella.

After 4 weels, subjects returned to clinic for a brief consul-
tation (visit 4). At this time, they completed the quality-of-ife
questionnaire, had their vital measurements taken, and were
given enough chlorella tablets and liquid extract for another 4
weeks. On f.risit 5 (ie, the end of the study), subjects again com-

pleted the questionnaires, had their vital measurements and an .
electrocardiogram taken, and had blood and urine samples |

taken for laboratory assessments. .

A total of 33 subjects were enrolled in the trial (range, 22-73
years; mean age, 50 years), Hypertension had been diagnosed a
mean of 11 years before the subjects joined the trial (range, 0-47
years), and all but 6 were taking some type of daily medical treat-
ment for hypertension. Mean heart rate was 73.7/min (SD,
10.2/min), mean SiSBP was 136.8 mm Hg (SD, 11.5 mm Hg),
and mean SiDBP was 90.8 mm Hg (SD, 6.2 mm Hg). .

Review of Recent Clinteal Trials of Chlorella .Py}eﬁbid&sﬁ o

ATIVE THERAPIES, MAY/JUNE 2001, VOL. 7..NO. 3

Reyi_g}g__@.ff{ ent




TABLE 2 Mean overall changes in scores on the Fibromyalgia [mpact Questionnaire {FIQ)

» Sraistically significant improvement from visit L.

FIQ score, FIQ score,
Dietary FIQ score, mean (SD) % change rmear (SD) % change from mean (SD) % change from
supplement Visit 1 Visit 2 from visit 1 Visit 3 visit 1 Visit 4 visit 1
Chlorella 58.4(14.9} 52.1(16.9) 10.7* 49.5(20.9) 15.1* 47.0(18.7) 19.5%
Placebo 54.9(18.6) 49.6 (17.3) 9.7 48.6 (16.5) .5 50.9 (20.0) 7.4

Following the 1-month washout of drugand daily consump-
tion of placebo, 24 subjects remained in the trial. Seven. were
dropped from: the study because they no.longer: met;eligibilicy
criteria for mild to moderate hypertension; 2 withdrew due to
adverse effects possibly related to their not taking the antihyper-
tensive drug treatment. The mean age of the 24 subjects who fin-
ished the protocol was 49 years (range, 22-73 years), and the
average duration of hypertension was 10 years (range, 1-40
years). All but 5 of these subjects were taking some type of daily
medical treatment for hypertension while enrolled in the trial.

The primary objective of the study was to determine
whether adding chiorella to the daily diet of subjects with mild
to moderate hypertension would lead to a reduction in mean
$iDBP after 2 months. At the first visit (baseling); the' mean
heart rate for the 24 subjects who finished was 73.4/min (5D,
9.1/min), mean SiSBP was 137.3 mm Hg (SD, 12:3 mm Hg), and
‘mean SiDBP was 92.3 mm Hg (SD, 5.5 mm Hg). After a month

off the hypertension medicine and dietary supplementation with
placebo, the subjects’ mean heart rate increased to 76.5/min
(SD, 9.9/min), their mean SiSBP increased to an average of 141.6
mm Hg (D, 14.4 mm Hg), and their mean SIDBP increased by
4.3 mm Hg to 96.5 mm Hg (SD, 6.6 mm Hg). Although the

inicreasé in mean SiDBP was significant (P=(

These levels were used to assess blood pressure changes in

the subjects. After 1 or 2 months of dietary chlorella supplemen-

tation with 10 g of chlorella tablets and 0 mL of chlorella

‘extract, subjects’ heart rates, SiSBP, an: '

- slightly from the values at visit 3 (end of t

- period). SIDBP was 96.5 mm Hg (5D, 6.6m
.96.3 mm Hg (SD, 9.5 mm Hg) at visit 5

BP changed only
placebo/washout

antihypertensive medications for a
responsible for the patients’ increase i)
chlorella supplementation essentially no i

- was found in the mean SiDBP. -~ -

" Because warking with only mean ch és in SIDBP might

. maskmdmdual responses (e, decreases in iDBP) among

| jects, each subject’s response also was chara d on the bz
| ~'of 3 different criteria (Table 3). These results )
four;

B 1 of the subjects enrolled (6/24) had an ex
| to'the dietary supplement (ie, after 2 months of

ponse f—-@ls{(ig;-,toralxﬁoles&ml‘, triglycerides, high- and IOW-d
: chbléStérOi) wete measured, the averages and standard devia!

their SIDBP was less than 90 mm Hg). Another 3 subjects with
an SIDBP greater than 90 mm Hg still showed between a 4 and 9
mm Hg decrease in SiDBP. The remaining 15 subjects, however,
were considered inadequately treated by stopping their antihy-
pertensive medication and adding chlorella to their diet; SIDBP
either increased during this period or decreased by less than 4
mm Hg. Therefore, if we use the conventional pharmacological
criteria for assessing response, slightly more than one third
(38%) of the subjects showed some improvement in their hyper-
tension after adding chlorella to their diet.

“This improvement with chlorella supplementation, Hiowev-
er, was amplified -when only a 4 mm Hg change in SiDBP was
used as ani indicator of response. When the first SiDBP of sub-
jects (meastred when most were taking an antihypertensive
medication) was compared with the SiDBP measutred-on their
last visit (after 3 months off medication and 2 months takin
chlorella), 5 subjects (21%): showed improvement, 6 subject
(25%) showed an essentially unchanged SDBP, and 13-(54%) ha
a worsening of their hypertension (Table 3). According to thes
criteria. almost half of the subjects (11/24) achieved as good o
better control of their SiDBP by taking the dietary supplemen
as they did by taking an antihypertensive drug.

.- The effects of the dietary supplement were even more dr.
natic when these sari yere tsed to‘compare the' SiDB
on'and placebo) and after

and only.one th
sion; This finding
ulation either improved or was stable, with the subjects ta
5 antihypertensive medications, suggested that, for most
plementation with chlorella either impro
r kept it under control. :
shysical examinations and electrocardiog
een the beginning and end of the study pe
= 1e serum chemistries, and urinalysis o
. oplation at visits 1, 3, and § were within normal lirnits
variation, and no single variable significantly changed duringt

month course of the investigation. However, when serum lipid
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- | ments at every time point. The differences between

were within normal limits of variation, and there were numeroug
statistically significant changes during the course of the investiga-
tion (Table 4).

First, a significant decrease in serum cholesterol leve| was
apparent, bath from the beginning and from visit 3 to the end of
the study (P=.003 and P<.001, respectively). A significant
decrease.in triglyceride levels was found from visit 1 to visit 3 (2
=.04), though this decrease was not maintained and therefore
the levels did not differ significantly between visits 1 and 5.
High-density cholesterol [evel decreased after 2 months. of
dietary chlorella. Between visits 1 and 5, the difference approxi-
mated significance (P=.06), but between visits 3 and 5, the dif-
ference was significant (P=.03). Low-density cholesterol showed
a similar pattern, decreasing significantly between visits 1 and 5
(P=.05) and visits 3 and 5 (P=.003). '

* We also sought to determine whether dietary supplementa-

tion with chlorella improved the quality of life of these hyperten-

sive subjects. The Psychological General Well-Being Index™ was
used for this assessment, with responses summed to create 6 sub-
scales that measured anxiety, depressed mood, positive well-being,
self-control, general health, and vitality. An overall score also was
calculated. The subjects’ perceived level of anxiety between visit }
and visit 3 was slightly less and not statistically significant. The
decrease in anxiety between visits 3 and 5 also was not significant.
However, a comparison of visits 1 and 5 indicated a significant (P=
02) decrease in anxiety.-Compared with visit 1, depressed mood
was significantly improved at visit 3 (P=.01) and—even more-—at
visit § (P=.02). The improvement in mood between visits 3 and 5
was not statistically significant. The subjects’ sense of well—beihg
was significantly better at visit 3 (2=.002) and at the end of the
study (P=.007), but the difference in well being between visits 3
and 5 was notsignificant. e S

Although all values indicated a trend for improvement over
the course of the trial, none of the subjects’ perceived changes in
self-control and general health were statistically significant. The
overall scores for the General Well-Being Index showed impre

and visits 1 and 5 were statistically significant (P="04 and 01,
respectively). These results indicate that subjects were feeling
better overall. Anxiety and depression improved significar
the subjects because of the combined effects of their no‘longer
having to take their regimen of antihypertensive drug(s) and
supplementing their diets with chlorella. '

ULCERATIVE COLITIS

Inflammatory bowel disease (IBD) is not a single disease,
but a group of chronic disorders of the small and large intestines
that cause inflammation or ulceration. In the United S'tates,'
approximately 2 million people have some form of IBD. One of 7
the most common types of IBD is ulcerative colitis. This disease
causes ulceration and inflammation of the inner 'lining of the rec-
tum and large intestine and is considered incurable.

Ulcerative colitis usually begins in the rectum and sigrmoid
colon and spreads upward through the entire large intestine. it

ical Ttials of Chlorelia Syrenoidasa




“rarely affects the smail intestine. The inflammatory process,

“which is limited to the mucosa ard submucosa, causes the .

“inucosal laver of the colon to die and slough off. causing ulcers to
orm. The inflammation causes the colon to-empty frequently,
esulting in diarrhea. The most common symptoms of ulcerative
olitis are abdominal pain and bloody diarrhea, but patients
ay have anemia. fatigue, weight loss, loss. of appetite, rectal
teeding, dehydration, and malnutrition as well.

—
. tati
TABLE 3 Characterization of changes in sitting diastolic bicod pressure (SiDBP) after chlorella supplementation
i i i ies of hypertension
its by standard end points used in pharmacological studies o 7
Summary of results by sta p it
atients
Result Description p .
su
6{(25)
; SiDBP: <90 mm H : . . 000
: Excegem - S;DBP >890 mm Hg and reduction from baseline of at least 10 mm Hg : El;)
. G(fa SiDBP >90 mm Hg and reduction from baseline from 4 to $ mm Hg . B
fa“;:l jate SiDBP >90 mm Hg and reduction from baseline of < 4 mm Hg or an increase
nadequ
: . . . 1
its based on change of 4 mm Hg or-more in SiDBP from vistt
Summary of resu g e
Result Description patier
Improved Final SiDBP reduged by 4. mm FHg or more from screening (.VlSlt 1 s
mPf1 Firial SIDBP less than 4 mm Hg change from screening ('fnslt 1‘) . e
z\tlab Y Final SiDBP increased by 4 mm Hg or more from screening (visit 1)
orse He
m He in SIDBP from visit 3
f results based en change of 4 mm Hgor more 10 SipB
" | No. (%) of
Hents
Result ‘Description patien
esu 7 7 7 7
) ) - ) & "7 .'!: - v . 9 (38)
Improved Final SIDBP reduced-by-4 mm Hg ormore ﬁ'c‘tm_ mmatlon (x:;;t 3} .
StaEl)Jie : Final SDBP less than 4 mm Hg change from initiation ('_ws; 3 ; %
Worse Fiiial SiDBP increased by:4 mm Hg or morz from initiation (visit 3) .
orse - 7 -reased by 4  from ,
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The cause of ulcerative colitis is unknown, and the disease
rently has no cure except surgical excision of the colon and
turn. However, drugs are commonly used to help control
ptoms and slow progression of the disease; examples include
asalazine, mesalamine, and prednisone. Because no special
~or dietary supplement has proven effective for preventing or
ting ulcerative colitis, the purpose of this study was to deter-
e whether patieats with this form of IBD would benefit from
chusion of chlorella in their diet. This objective was specifi-
ddressed by documenting the clinical status at monthly
als using validated, semiobjective, and subjective outcome
res administered before, during, and at the end of the diet
y,-and by determining the magnitude of any change in
yrptoms, signs; and ouicome: variables over time that
artributed to the dietary supplement.

lcerative colitis involves documented symptoms. of hema-
and diarrhea, negative stool cultures, and typical sigmoi-
indings such-as superficial ulcerations, distorted
scular patterns, granularity, and exudate. From these
isease Activity Index (DAI) can be calculated.” The DAT
d:from:- 4 subscales: stool frequency, rectal bleeding,
peatance; and physician’s overall assessment: To be
the study, patients had to have mild to moderate ulcer-
e for at least 1 year and a total DAT score between 4
isive. All examinations and interviews for determina-
DAT were performed by the same physician. Nine sub-
0 56 years met the DAI criteria for ulcerative colitis
baseline, the mean DAI for the group was 7.2 (SD,

lla extract daily for 2 months. -
istory was gathered and a physical examination
lyses were performed at every clinic visit to assess

 again performed to-determine the DAT after 2
1y supplementation. Eight subjects completed
thstudy. - : '

the patients’ basic physical examinations did not
ntly from the beginning to the end of the study
lues at the 2 visits during the study period
the normal limits of variation. For the 8 subjects
al, the average score decreased (ie, symp-
subclass of the DAI between baseline and
e decrease in stool frequency was statistically
he physician's sigmoidoscopic examination
ved significantly less inflammation (P=,02);
was that the patients” ulcerative colitis was

pplemented their diets with 10 g of chlorella-and-

¢ patient’s disease. A flexible sigmoidoscopic -

H

significantly better (P=.008). Although the occurrence of rectal
bleeding was less frequent for most patients, the change was not
significant (P=.18). The total DAI of every subject declined during
the 2-month study, from an average of 7.2 (SD. 2.4) to 2.8 (5D,
2.5)—a 61% drop that was highly significant (P=.008).

The effects of dietary chlorella supplementation.on
patients’ quality of life were quantified with the IBD
Questionnaire,* which contains 32 gquestions about 4 aspects of
the patient’s life: (1) symptoms related to the primary bowel dis-
turbance, (2) systemic symptoms, (3) emotional aspects; and (4)
social functions. The response options for each question were
framed as a 7-point scale, with 7 indicating the best function and
1 the worst. Patients’ responses on the questicnnaire indicated
improvements in all 4 categories during the course of the study
(Table 6). The greatest improvement was in symptoms related to
the primary bowel disturbance. After 1 month, the scores in this
category increased by 33% and remained 30% above baseline
(visit 1} after 2 months; both scores were highly statistically sig-
nificant (P=.001 and .003, respectively).

Scores:for emotional aspects of the disease also were signifi-
cantly improved both at the interim visit (P=.01) and the end of
the study (P=.001). The:é was 2 trend for improvement in social
functions at 1 month (P=.07); improvement was statistically sig-
nificant by the end of the second month (P=.02). Strong trends
were observed for improvements in. scores for systemic-func-
tions, but these improvements were not statistically significant
at the interim (P=.11) and final (P=.08) visits.

The total score of 156 (SD, 26) at baseline increased by
16% by the end of the first month and was 18% higher than
baseline at the end of the second month. The improvements
observed at both of these times were highly statistically signifi-
cant {P=.007 and .003, respectively). Taken together, the DAI
results indicating that every participant's objective symptoms
of ulcerative colitis improved, combined with the positive
assessment each patient gave in his or her questionnaires,
strongly suggested that all 8 subjects benefited from adding
chlorella to their diet. ' S

DISCUSSION

Treatment of chronic diseases with drugs may relieve symp-
toms and slow progression, or, as in the case of hypertension,
reduce the risk of cardiovascular disease. Unfortunately, drug
treatment could entail the lifelong use of an agent that may have
adverse effects. For this reason, there is a great deal of interest in
nonpharmacological interventions that might reduce or eliminate
the need for drugs to treat various ilinesses. The principal focus of
the research reviewed here was to provide solid evidence from
small clinical trials that dietary supplementation with chlorella
could relieve symptoms and improve quality of life for those suf-
fering from fibromyalgia, hypertension, or ulcerative colitis.

Fibroxhyalgia Syndrome : '
People with fibromyalgia syndrome are typically treated

with the tricyclic antidepressant amitriptyline to improve their.
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: | Triglycerides, mmol/L
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‘TABLE 4 Serum lipid levels during chlo

Parameter Visit 1, screening

Total cholesterol, 5.22+1.11 (202£42.9)

mmol/L (mg/dL)

1.43+0.92 (12748L.8)
(mg/dL) .

High-density cholesterol,
mmol/L (mg/dL)

Low-density cholesterol,
mmol/L (mg/dL)

+ All values are mean £3D.

1.25£0.33 (48.5£12.9)

3.31£1.05 (128+40.7)

Visit 3, initiation

sleep and relieve other symptoms. Other classes of pSfychctropic
drugs are less efficacious, including selective seroiionxp_reuptake
inhibitors like fluoxetine and paroxetine, benzodiazepines such
as alprazolam (Xanax), and muscle r’elaxapts (eg, cy;lpbtz.nza-
prine). Nonpharmacological approaches that are sometimes
used include light exercise and psychological support.
Nutritional approaches, however, have rgceiy‘egi Vlittrltra attention.
The results of the study with fibromyalgia syndrome indicate

that, for some subjects, taking chiorella daily can improve sleep -

and reduce anxiety levels. These 2 factors might in turn lead to-a

reduction in perceived pain and the number of tender points in
the same way that medications that improve sleep or reduce anx-
iety produce refief of fibromyalgia symptoms. '
Another interesting avenue of speculation for chioreila’s
action comes from the observation that sorne of the clinic‘al
features of fibromyalgia syndrome resemble those:seell in
adults with growth hormone deficiency syndrome. Several
investigations have suggested that fibromyalgia syndrome is

associa

be responsible for some of its symp
like growth factor I{IGF-D), a surroga
mone activity, also are frequently r
fibromyalgia syndrome.

In 2 recent clinical stu
syndrome and low IGF-I levels showe
symptoims and pain as well as re

Bennett™ hypo
mone in patients with fib
tent hypercortisolemia from
density of B-adrenergic rece i
mentation of Pradrenexgic receptors sti
somatostatin, which impaired secretion ©
cemainis to be seen whether consumption o
someway to increase production of growth hormone and wheth

by doing so, it reduces symptoms o

5.15+1.01 (199£38.9)
1.23£0.73 (109+65.1)
1.26£0.32 (48.7£12.3)

3.34+£0.93 (129+35.9)

rellz supplementation®

Visit 5, final

4.86+1.04 (188x4(.1}
1.39+0.88 (123277.6)
1.19+0.30{46.2£11.5)

3.05+0.96 (118+37.2)

Normal values

0.00 - 5.17 (0-200)
0.34 - 2.26 (30-200)
1.0t - 2.48 (39-96)

1.91 - 4.91(74-190)

]

ted with growth hormone deficiency
toms.

and that this may
33 evels-of insulin-

te marker for growth hor-

ffbromyalgia syndrome.

educed in those with

dies = subjects who had fibrornyalgia

d improvements in overall -
duction in the nurniber of tender

points following several months of daily growth 'hormone therapy.
thesized that dysfunctional secretio :
romyalgia syndrome was due to internit-
stress, which in turn up-regulated th

ptors in the hypothalamus. The aug-
mulated the release
f growth hormone.
f chloretla works i

n of growth hor-

.

: Rp:vie'\:«v of Recent Clinical Trials of Chloreila Pyrenoidosa

TABLE 5 Changes in symptoms during the conrsé of the trial as determined by the Disease Activity Index
Stool frequency Rectal bleeding Mucosal appearance Overall assessment To |
P&:Tlsn i Visit 1 Visit3 ©  Visitl T Visit3 Visitl o VVISltdv Visit 1 Visit 3 VISIttl '
0 1 0 1= 0 il 1 : ; 2 ’ :
03 0 0 1 o 2 g 2 : 5
04 2 0 0 =0 o1 : ! 0 :
06 3 2 1 23 3 : 2 ‘
o7 2 0 9. 2 2 1- ; ! 8
09 2 0 1 Sl 1 1 2 L s
10 . 2 0 3 0 : J; , 2 0 ;
1‘1 1 0 '. 2 B 1:1,, —;,: s i : 7.2
Mean 18 0.3 16 08 L9 11 ;.z g.z; N
sp 08 0.7 10 03 06 08 3 . _
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TABLE 6 Results of the Inflammatory Bowel Disease Guestionqaire
Primary bowel .
disturbance Systemic symptoms Emotional functions Social functions Total
“Patient  Visit - Visit - Visit Visic  Visit  Visit Visit  Visit  Visit Visie  Visit  Visit Visit . Visit  Visit
No. 1 2 3 1 2 3 1 2 3 1 2 3 1 2 -3
01 51 59 64 15 17 22 57 56 69 30 3 35 153 163 150
03 44 65 63 20 28 21 62 68 72 34 35 35 178 197 181
04 35 58 59 13 25 25 49 63 67 28 35 35 125 181 186
06 49 57 53 30 32 28 63 67 73 32 .. 32 3 174 188 185
07 35 44 43 30 23 30 50 54 57 26 32 2% 141 153 159
09 47 63 66 21 27 25 67 7874 22 35 35 157 203~ 200
10 41 61 59 27 28 28 69 80 80 30 33534 167 203 . 201
i3 43 46 44 21 24 23 60 62 66 29 27 - 300 153 159 163
Mean 43 57 56 22 26 25 60 66 70 29 33000330 186 181 184
SD 60 77 B9 64 46 32 73 94 68 37 27 26 24 21
Hypertension Ulcerative Colitis - - .

s whose SIDBP

:gfeater than

- Randomized, controlled, clinical trials and population stud-
have shown that the blood pressure of hypertensive subjects
could be lowered with a vegetarian diet. Such diets are character-
zed by relatively low saturated fats, a high polyunsaturated/satu-
fat ratio, and a high intake of fruit, vegetables, and other
ntaining and vitamin-rich products. Comprehensive stud-
owever, have failed to uncover which specific nutrients in the
tarian diet account for its blood-pressure-lowering effect and
d have suggested that “whole foods,” with their complex
ination of nutrients acting synergistically, are responsible.
The study with chlorella sought to determine whether daily
e for 2 months could lead to a reduction in diastolic blood
ure. Based on standard criteria of the pharmaceutical indus-
he results indicated that one quarter of the subjects who com-
he trial (6/24) had an-excellent response to the dietary
t (ie, their SIDBP was less than'§ mm Hg), and that 3
: mm Hg still showed
12 4 and 9 mm Hg decrease in SiDBP. When a 4 mm Hg
SiDBP was used as an indicator of response and the
visit 3 (after 1 month off medication and placebo) was
o the SiDBP after 2 months of dietary chiorella (visit 5),

showed improved SiDBP. 7 showed a stable SiDBP, and
showed a worsening of hypertension. Questionnaires

d'to subjects at each clinic visit indicated that during
of the study, overall perception of health was significant-

ed. The results of the study therefore indicated that some
d have mild or moderate hypertension reduced or kept

y dietary supplementation of chlorella alone, elimi-
for an antihypertensive medication. A daily supple-

la could have direct and indirect effects on blood
o the regulatory functions of endothelial cells, or

ioradrenaline-induced vasoconstriction of arterioles,
etary supplements have been shown to do.®

Because studies with animals and humans have suggested
that C pyrenoidosa in the diet has-many beneficial effects on
wound healing and immunologic reactions, the authors hypoth-
esized that the supplement could be effective for relief of symp-
toms of ulcerative colitis. This was indeed the observation: all
subjects showed a statistically significant decline in DAL from an
average of 7.2 (SD, 2.4) to 2.8 (8D, 2.5) after 2 months.
Furthermore, the subjects’ own assessments of their symptoms,
as indicated in their responses to the [BD Questionnaire, indicat-
ed that they believed the severity of their ulcerative colitis less-
ened soon after beginning the trial, continuing to decrease or
remain stable throughout the course of the study.

-

CONCLUSION , ,
_ Additional comprehensive studies are clearly needed to

* identify the macronutrients and micronutrients inchlorella as .

well as how such nutrients might act together to'exert beneficial
effects for the chronic diseases studied here: Further laboratory
and dietary clinical studies will uncover the mechanisms by
which chlorella improves conditions and symptoms of these and
other chronic diseases.
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