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mg CPE group and 35.3% of 400-mg CPE group) at 7 days
afeer vaccination. Similar, trends were observed for the
analyses of participants achieving 4-fold or greater increases
in antbody levels and for the proportions achieving a0 and-
body- titre-of 40 or more reciprocal dilution (data not
shown). There were no differences or trends among partici-

pants over 35 years of age.
Interpretation

The diétary supplement CPE extracted from the mi-
croglga C. pyrenoidosa Was well tolerated by the healthy.
adults in this study. Adverse events Were similar among re-
cipients of CPE and those who received placebo. In the
primary outcoine analysis; there was no difference in anti-
body response between CPE recipients and the control
group. Failure to dernonstrate an effect of the supplement
could be the result of product inactivity, inadequate dose or
schedule, recipient unresponsiveness ot inadequate sample
size. The lack of any trend toward 2 greater response with
increased dose indicates that dosing might not explain the.
lack of effect; it is not possible o determine the role of
schedule because only one schedule was studied. The
smaller-than-expected number of subjects means that the
study did not have the planned power to ensure that any:
jack of demonstrated difference was not the result of 2 type:
I errar. However, there were no suggestions of wends to-
ward an effect of the product, which suggests that the lack
of benefit was not the result-of underenrolment.

The biological activity of CPE was demonstrated when:
the study subjects were stratified by age. Because of de-
creased immunogenicity. of the influenza vaccine with sub--
ject age,™" we hypothesized that the effect of CPE would

be more apparent 1; older’ ounfer participants; in
fact, we obsérved the Tposit itech-.
anism leading to dirninished an : fse to influenza-

vaccine, in elderly people might also result in lack of re-
sponsiveness to CPE, perhaps because the supplement ex-
erts its effect through the same deficient mechanism or
pathway. Alternavively; the lack of effect of CPE might be
the result of prior experience with similar influenza viruses
in the older group leading to an enhanced anamnestc re-
onse, which would in ot offset any immunoenhancing
effect of the supplement. This latter possibility is less likely,
given that prevaccination titres were higher in the-older co-
hort only for influenza A/Panama (Fig.2).
" 'We have demonstrated"an"iﬁﬁnunoenhaﬁdng;gffcct of
CPE in a subset of hurman subjects after influenza vaccina-
tion, which corroborates the results-of in vivo and in vitro
preclinical studies. The doses and-dosing regimen chosen
for clinical testing in this study were based ‘on preclinical
studies performed in laboratory animals and were tested in
a phase 1 safety study (unpublished data): Whether: these
doses and schedules are su icient t0 produ(_:eraim_aximum
effect of the antibody response is unknown; other schedules
might provide a greater (or lesser) effect. These results‘in-
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dicate that, as in the animal models, CPE does have 2 bio-
fogical effect in hurnans and encourage further investga-
don to determine whether there is any clinically significant *
effect. Influenza vaccination was selected for study, not be-
canse we anticipated the evencual use of the product as an
“oral adjuvant,” but rather because it serves as 2 model of
antigenic stimulaton by a respiratory pathogen; however,
the supplement cauld potentially be used as an oral adju-
vant if further srudies support its efficacy. The results ob-
wained from this double-blind, placebo-contro[led trial in-
dicate that CPE should be studied further in other models
of infection (such as: the rhinovirus challenge -model™) or
under natural conditions of exposure (such as household
contacts of cases of influenza™) t© identify potential clinical
applications. It is clear from this study and others™” that
some dietary supplements may have therapeutic uiility and
should be subjected to further rigorous experimental evalu-
ation to clarify their clinical benefirs.

This article has been peer reviewed.
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tions."™* An oral supplement with immunoenhancing activ-
ity might also be-useful for people with known hypore-
sponsiveness o vaccines, as is the ease with influenza:vac-
cine administered to elderly people and hepatitis B vaccine
to people who smole.™ e

We conducted a single-centre, randomized, placebo-
controlled, double-blind clinical trial vo determine ‘the im-
muncenhancing effect of CPE by determining the propor-
tion of participants achieving a 4-fold or greater increase in
antibody levels and measuring the geometric mean anti-
body titre after influenza vaccination. We also explored

whether immune responsiveness to CPE as.3 dietary sup-
plement was related to age. : :

pMethods

Healthy adults 50 years of age of older were récruited from the
Halifax community in autumn 2000. Posters in'local hospitals and
physicians’ offices, at the local university and in homes for senior
citizens informed the community of the stdy. We excluded any-
one with a known allergy to eggs or influenza vaccine, those with
known immunodeficiency or malignant disease, those who were
using immunosuppressive medications, those with 2 histary of an
unstable chronic medical condition and pregnant women.

As described above, CPE is a dietary supplement derived from
C. pyrenoidosa. Under current good manufacriring: process guide--

lines, the exwact was removed from dried cells with: hot water:.

(80°C); it was then separated from the solid residue by centrifugar::

.tion, and the supernamnt. was microfiltered and spray-dried. The
resulting powder was:yellow with a greenish finge. Gelatin cap- -

cules were filled with either 200 or 400 mg CPE along with mi-

crocrystalline cellulose of sufficient volame to fill the capsule.

Placebo capsules contained ‘only the microcrystaling cellulose.

Cominercially available trivalent influenza vaccine recomin nended::
for the 2000/0L 'seésdnr—and:'contaixiiiig,:ipa;ﬁvat:dﬁinﬂnénza,'
‘AfPanama gnd'B/Yamanéshi was: purchased

A/New Qal_q@t_;j_n’a*

sis was that the recipients of CPE wonld ha
response as indicated by the pioppxﬁon‘of;pa
fold or greater increase in antibody levels after vaccina tion, by the
geometric mean antibody ttre obtained and by the rapidity of the

antibody response (response at day 7 compared with:day 21 after.

vaccination). The secondary objectives were to determine the
safety and tolerability of CPE {as indicated by the proportion of
| participants reporting adverse-events)-and: to identify any age-
related immunoenhancement. Antibadi st each of the 3
viruses in the vaccine were measured by utinatiot inhibi
tion according to standard methods;® the testin ,
coded specimens at the National Insdtute for Biological S

and Control (Potters Bar; UK). Clinical safety was monitored by -

means of o daily sobject diary and included ‘both soliciced {fever,

rash, headache; body aches, sore joints; fatigue, abdominal pain, . et of
1 Although the initial study plan wis to compare. subjects: 63. years

" nausea, anorexia, vomiting and diarrhea) and unsolicited events.

terminations; complete blood counts; quantittive measurement of

Physiological safety was monitored through serial liver enzyme de- .

immunoglobulins, complerent, antdnucleas antibodies, and-DNA .

‘antbodies and rheumatoid factor; and Coombs tests.

The study product (200- dnd 400-mg doses of CPE) and the
" mined before the snxdy was unblinded.

. placebo were packaged separately, inf a 1:1:1 ratio, labelled with-a

112 o : | JAMC = 22 JUILL: 2003;:169 (2):.:

participant number, and dispensed by the study pharmacist before
stdy commencement according to a computer-generated list
with a block size of 6 provided by the study statistician (B.S.). Af-
ter providing written informed consent, each participant was as-
signed the next sequential pardcipant allocadon number and was
given the corresponding prefilled pill botde. Although the study
was designed to be completely blinded, it was discovered before
the first enrolinent that thié cipsules containing the study product
had a subtle greenish hue whereas the placebo capsules did not;
the difference was. discernible only when hoth types of capsule
were viewed simultanecusly. Therefore, to preserve blinding, staff
were designated as blinded and poténtally unblinded. Potendally

unblinded staff were responsible for dispensing the medication ac-

cording to:the next.availble allocation sumber, observing the
first dose being-tzken and ‘performing capsulé’ counts’ €0 asess
compliance. ‘The potentially unblinded soff whe dispensed the

medication were able to view the capsules only after randomiza- .

sion had occurred-and the pilt bottle had been opened; therefore,
even if they could discern the difference in capsule hue, this would
have occurred only after randomization and allocadon: All dzta
collection and data analysis, as well as all clinical aspects of the
scudy, were restricted to fully blinded personnel. Enrolment was
limited to one participant per household ta ensure that pardei-
pants could not compare Capsules. All study documents referred
to the study s completely blinded so that partdeipaiits would not
be aware of the possibilicy of unblinding by capsule comparison.

Each subject took one capsule ¢ach morming for 28 days and

recorded any adverse events in a daily diary. Symptom data were
collecred by i:elcphqne'pnédﬁ}r 10 and during visits on days 21, 28

and 47; compliance was decermined by capsule counts. On stdy

-day ?.l,,hqs,eﬁne'ant'ibbdy levels were messured and the subject re-

Gojved 1 single intramuscular injecdon of:the influenza vaccine.
“Antibody levels were retested on smdy days 28 and 4 (i.e., 7 and
21 days after vaccination), Baseline physiclogical blood tests were
donie on study entry 2nd on dhe last day of administration of stedy
product or placebo (day 28) o

- The ideal sample size was calculated on the basis of the primary

serological outcome; we determined that 150 participants would
stection of a 20% difference in the propordon of par-
;oing seroconversion with a’ power 'of 0.8. This

1t U

yerse svents {occurring in léss than 5% of partcipants) and 80%

&t o detect sich differences for more COMIMOR events (ocour-
ring in more than 10% of participants). The study analysis was an
intent-to-treat analysis-of all subjects who received the influenza
vaccine. Baseling characteristics of the ireatment groups were com-

- pared with #-tests for continuous variables and Fisher’s exact test

for categorical variables. The proportons of participants who un-

derwent seroconversion (4-fold or greater and 2-fold or greater in-
 erease in snabodies), the geometic mean antibody tires and the
" proportions of participants with clinical or Jaboratory abnormmali-
 Hes were assessed by eslculating binomial point estimates and 95%

confidénce intervals;? p < 0.05 was taken as sttstically significant.
*The age analysis was undertaken to determine whether there was
an effeer of age on immine response to the diétary supplement.

of age or-clder with those younger than 65 years, lower-than-
expected enrolment in the older age group precluded this analysis.
Therefore, the age used for this comparison was determined by the
“dge distribution of the enrolled participants to achieve roughly half
of the participants in each age group; the age cutoff was deter-

TGETE : :
= :t of participants would provide greater than 90% powerto "
itibody ~ detect differences of 15% or more in any uncomimeon clinical ad-
cipants with a 4

“Results

A total of 124
, 2 participants were enrolled in the stud
:Va{r:gn l:f:lgr:{c_i study g;odu(ég or placebo; we terﬁﬁna:e';u;n)j
: ore reaching the target sample size of 150
:;:g en-rtﬁléncnt during the influenza season. Seven part:icti?
pants withdrew from the study, but only one withdrawal
o) &C?.USE of side effects (nausea and abdominal discom-
) ig. 1). The study. groups were similar in termns of
ﬁid’ u:;x (Table 1), medical history, vital signs, physical
; concomitant medicat iologi
est results (duta not show_n;t.n_ 20 ehpieiopie Hlood
- - - - a
wl;;le _su.l?ectr;s were taking the supplement or the glf:ean)
similar between the study groups. The only difference

lated to fatigue, which was re uently
red | ported more.fre
articipants receiving the 200-mg dose than bnghegiyr?

{mmunoenhancing dietary supplement -

ceiving placebo -
adversge Emm Wg'etil:pigg ‘zlg dose (Table-1). No serious
- II\TO_ effects of CPE were found in the overall antibod
Co:n ysis, F:our-fold or greater antibody increases were un}-ﬁ
cor ::llon 1{:;:]] study groups (ll.l% to 28.2%Y} and were
! ore frequent among recipients of CPE (Table 2). A
gz;) ;tgr lzhropiomon.of participants underwent seroconv.er-
s y the less stringent definition of a 2-fold or greater
crease in arfubcdms (40.5% o '59.0%); however, ther
wl:s still no difference between the groups given CPE c.E
placebo (Table 2). Differences were also not observed foi

Adverse events reported during the initial 28-day period the geometric mean antibody titres achieved at 7 or 21:days . - .

for S.:a_ny .Of the 3 v1ral strains in the vaccine (data not shown)
X —algmﬁcant. dlﬁ'ere‘n?es were detected in the prepla.nneci
cy. %ecpanalymrs. Pz}ruc:pants up ta 55 years of age who re-
eived CPE had higher levels of antibody against influe
A/New Caledonia at 7 and 21 days after vaccination; tht::

“Assessment for eligibility

Available for
randomization

_188 excluded (80 did not meet
inclusion criteria, 77 refused,

16 were unavailable for visits,

15 for other or unknown reasons}

Placebo

CPE 200 mg
n=4f

health)

Completed product
n=4

2 withdrew from
= stiidy {1 left the
country, 1 had ill

CPE 400 mg
n=41
e 5 withdrew from study (1 each ]
bega_use of an adverse event,
physician’s advice and did not
want vaccine, 2 because of jil
health)
Completéd product
Cn=z3

e R g T s vy

. Aﬁalyzed for safety Analyzed for safety-
S =41 nedi
Analyzed for antibody - ey i '

d for 2 y -‘ ‘.AnaI}Vrze’cI! io;;nubody Analyzed for antibody

n==36

—

linical trial profile, CPE = Chlorella pyrenoidosa extract,

CMA) = JULY 32, 2003; T69'2)
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gia could have their level of pain (as measured by the
TPI) significantly decreased by simply adding Chlorella
to the diet suggests that further clinical testing of dietary
Chlorella supplementation in these patients is warranted.
Based on the results of this pilot study, we' have
determined ~power, sample size, and the most useful
outcome variables for a more comprehensive, placebo-

A PYRENOIDOSA FOR FIBROMYALGIA
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controlled clinical trial. Such an investigation of dietary
Chlorella supplementation is now underway.
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Safety and immunoenhancin

Safe : 7 g effect of a Chl, -
deI('izved (.iletz'lry supplement in healthy adultsorella
undergoing influenza vaccination: randomized

double-blind, placebo-controlled trial

tt A. Halperin, Bruce Smith, Coleen Nolan, Janet Shay, Jaroslav Kralovec

Abstract

Int;rpretation: The f_'h!omfla—derived dietary supplement did not =
ﬂaye any effect.m increasing the antibody response to ir?—'
uenza vaccine in the overall study population, although the
;voaj an-increase in antibody response among participants a e

: 55 years. Adverse events were similar among those r 'E'\
ing the supplement and the placebo. Further studies aree e
rantfed to explore the range of clinical effects resulting:f -
gestion of this dietary supplement. ’ "Um “

CMAS 2003;163(21:111-7

Background: E_nhancement of immune function has been claimed-
;s a benefit of some natural health products, although few
ata;’je tﬁeen subjected to randomized clinical trials. We evalu-
aed e effect of an oral dietary. supplement derived from the
ible microzlga Chlorella pyrenoidosa on immune res
after influenza vaccination. ' P
22?3:&::: conducted abrandomized, doubte-blind, placebo-:
community-based- clinical trial in.a ¢ weni
sample of 124 healthy. adults at least of age .
: _ 7 g 50 years of -
g?r::é :Ismgﬂeddto receive the study produc); (200 oraliggﬂr::g
orefla-derived dietary supplement}- or pla
of cebo. -Par-
g;:lpang teok the study product or placebo oncz daily for ;;3
7 ys.d n day 21, we administered a-single dose-of & li-
;::nse mva!ent, inactivated influenza vaccine. We obtained
s t::;nbs?eumens to measure hemagglutination’ inhibition
it before and 7 and 21 days after vaccination. The pri-
: ary ammtfnologlcal outcomes werg the proportion of pare
:|;:(|Jpants. with a 4-fc_>ld,0r greater increase in antibodies and
g me;mc mean antibody titres after vaccination; the propor-
n of participants reporting adverse, eve
was the safety outcome.. = ..., ..
hI‘:s: A l;utal of 117(94%) participants: completed all aspects.of -
h study: There were-no-differences in the: proportions of e
:llprents 0f 200 or 400 mg of the Chloreffa-derived dietary su
:net?g::lti or ?la;ebo who achieved at'leasta 4-foldririéf'ea5é'?t;'
) es : R e Ry ]
17.9% to 28?;;??;:!31?2%2; gmﬁgs&z@a‘nis "EjngEd:fmm' provement of immune function® and imy :
! : 2 g 10 22:2% 7 5a onIne i : i
or the 400-mg group and from' 19.0% ta- 2 1022.2% ol of hypertension, fibromyalgia and'g]l:g::aizsgfclglni;%‘.’ -

lacebio group; p > 0.05 for all:compar . An aqueous extract of the edible microa
f py’;mbidasfz {CPE) (ONC-IOTid(lchl:a'rT'u gzﬁhoncbla o
;,;;VL‘I_],-»_ Halifax) was found to have both in viro and in'viv
. :i(:)n“'t%'h 2 proliferation assay, CPE s’hmdﬂté_tl;pm,ﬁﬂc
u 0.0 hljterleuk:m 6 by BALB/c. mouse spleen cells an
- macrophages; CPE was also effective in. reducing. the fre
quericy anc'i severity of infection with Listeria. nionocytoge
-and Candida albicans in 2 mouse infection modals" (
~Kralovec and- associates, manuscript in Son).
- orally sdministered immunoenhancer might
people with impaired immune responses t infec

ietary s.upplements and alternative. therapi
;rtlrt:irvia:l:xgly being ézsed' worldwide as ths lpuh'li
: o prevent disease ‘and i 2all
"The regulatory requirements for the sale omﬁiri?tf h:;l&h
ments are less suingent than those for pharm&?éuﬁl;a
and for many of these supplements, efficacy dara "suppor:' '
bmei uﬁse are the cxception rather than the rule.? The health
i efits attributed to dietary supplements vary widely. En
 hancement of immune function has been claimed for Eeb
nagen,* zine’ and vitamin C* (all for prevention of res 'lr:
ry itifections); although the ' i Aih
been équivocal.-» S :
Chlorells are freshwater unic lar, mi OpiC 4
< widely used as a food suppléme:f:uiﬁl}a;:r?ﬁgsgim a![{f‘?_
ment has. l?ecn taken as tablets, Capsﬁles,'extfé'ct iqui ?gf o
food additive; claims for health bensfits havé;iﬁclﬁﬁéﬁtmi

more frequently by recipients. of 200 mg of th
n Y0 g of the
18/41 or 44%}) than by those Who,receglvéd"&-bﬁ ing of the
E};{plement (8/40 or 20%; p =0.032) or.p 142 or
b; p = 0.019). Recipients of 400 mg of the supplement who
( ! g of the supplement who ..
\'\a’erei CSS years of age or younger had significantly higher geo-
e mean antibody titres against influenza A/New Caledo-
: hfjays after vaccination {p = 0.047) and against B/Ya-
r;?;nlr7 datyg after vaccination: (p = 0.034%; the trends were
significant for titres against A/Panama. We alsc observed ination, ¢ with HIV
i s af; A 2. We also. erved---vaceination, such as those with HIV in
G mezaisz;?é ;E:eg g;g;:;::gns of subjects with a 2-fold - with immm;odeﬁciency?fr“fo?xt-hﬁbﬁﬁéllrlgdlwd ils with de=
crease in antibodies. - pressed immune response associated W thui.?iis"a‘!wﬂ}fdg?
e P ntecs
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