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model in mice was employed. Consistent with its in -
vitro effect on mast cell IL-3 production, treatment of
mice with fraction 2 inhibited OVA-induced cosino-
phil infiltration in the airways. Moreover, the recruit-
ment of neutrophils to the allergic airways was also
jnhibited by fraction 1 freatment, suggesting an anti-
allergic effect in mice. '

In an attempt to examine the mechanisms involved
in fraction 2-induced. inhibition of .airway eosing-
- philia, the IL-5 level .in: the bronchoalveolar lavage
fluid was examined. Although there was a decreasing -
trend of OVA-induced IL-5 production in fraction 2-
treated mice, the difference was not statistically
significant when compared to-that in those OVA-.
challenged, non-treated mice. Thus; additional mech-
anisms likely contribute to-fraction 2-induced: inhib-
ition of inflammatory cell infiltration in the allergic
airways. Althoughthe mechanisms  of the. allergy
remain incompletely defined, it is well-known that the

production of antigen specific IgE and disregulation
of type 1-and type 2 cytokine production are essential )

in the development of allergic inflammation. Interest-
ingly, Chlorella extracts. reduce IgE production in

mice [20]. It remains to be determined whether fraction

2 affects OVA-specific IgE production. The develop-
ment of allergy is primarily driven by type 2 cytokines
such as IL-5, and counter regulated by type 1 cytokines
such as IFN-y and IL-12. Chiorella extracts have been

2 inhibits the development of allergic airway inf

‘mation through enhancing the type 1 cytokine pro-
duction and down-regulating type 2 cytokines. Further

studies are necessary to clucidate th
involved in fraction 2-mediated
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Recently, an immunoenhancing effect. of Chlor-
lia extract in human subjects has been demonstrated
{18} We attempted 10 examine the potential anti-
allergic effect of Chiorella extract fractions in a
human system. Given that human CBMC have a
phenotype similar to that of human lung mast cclls
[37], CBMC were used to determine the effects of
Chlorella extract fractions in IgE-dependent . mast
celi ac_tiv_ation;'_-Interestingly, IgE-dependent produc-
tion: of cytokine GM-CSF. by CBMC. was. inhibited.
by all Chlorella extract fractions tested: :

In summary, we demonstrated an anti-eosinophilia
offoct of Chlorella” extract fraction 2 in mouse
allergic airway in_vivo and an inhibitory effect on
TgE-dependent cytokine production by mast cells in
vitro: These results suggest a potential beneficial role
for “Chlorella -extract or -its fractions in allergic
inflammation. Further studies are needed to identify
the role of Chlorella extract on the regulation of Thl
and Th2 immune systems and its impact on human
allerpy disorders. R

Ackhow!edgements

_This study was supported in Vpart by the Industrial
Research - Assisted Program of National Research

£ type 1 cytokines Gouncil of Camad. . < o

References

(1 Carlsen KH. Can asthma and allergy be prevented in real Tife?
=2 Allergy 2003;58:730-2. o _

[2] Schafer T, Richle A, Wichmann HE, Ring J. Altemative
medicine in allergies—prevalence, patleais of use, and costs.

inflammation. R

The molecular components in
the inhibitory effects on allerg
are unclear, The immunostimulati

on B cell proliferation dre almost exclusively

induced by the large molecular

2a. Similarly, 2a_ demonstrated re PP,tGﬁf“mhl-';”
bitory effects on IgE-dependent cytokine prodction .
by mouse and human- mast cells “than - the smaller

" molccular ‘mass fragments, Thus, it is likely that-

major role in the anti-allergic airway inflammation

*in vivo,

- Aflergy 2002;57:694-700. )
* 3] Bielory L. Complementary medicine for the allergist. Allergy
Asthma Proc 2001:22:33-7. B .
[4} Kay RA. Microalgae as food and supplement. Crit Rev Food
Sci Noutr 1991;30:555-73.. - :

. [5] Kessler. .E. - Comparative physiotogy . and . biochemistry

of . Chlarella -gpecies:-as: the basis”. for . their taxonomy
and for. their. wiilization in research.- and - biotechnology.
- Phycotalk, vol. 1. New Delhi, Tndia: Rastogi & Co. 1989.
P 141-53. AR

{61 Merchant RE, Andre CA. A feview of fooeat clinical trials of

the nutritional ‘supplemerit. Chlorella pirenoidosa”in’ the
treatment of fibronyelgia, hypertension, and ulcerative colitis.
" Altesn Ther Health Med 200L7:79-91. :

[7} mim:?tt;: (I;:EI, Andre CA, Sice DA. Nutritional supplementa-
pon orefla pyrenoidosa for mild to medermte hyper-
" Kcn.s.ton. J Med Food 2002;5:14/ =52, '
] U:_‘]'lll:a !\rrl, Kasajima T, Imai Y, Kobayashi S, Dobashi M
iy eﬂreact - A new Ch!orei_!a po-lysaccharide and its accclcrat:
I on the phagocytic activity of the reticuloendothelial
- as::]n.;;eccn!ﬂdv RES Res 1973;13:101-22,
Modu[aﬁ‘;nM:;‘-!z ,g' Miegeville B{l. LeMevel BP, Vermeil C,
~ Experentia 1973;3;m4&?m§l5 " a“ ictvmor e
[10] Konishi F, Tanzka K. Himeno K, Taniguchi K; Noimoto K
Anntur.nor effect induced by a hot water extract of C‘Mmoaeﬁa;
;mﬂgan.-r (CE): mesistance to Meth-A- umor growth mediated
y CE-induced polymorphonuclear leukocytes. Cancer 1
nol Immunother 1985;19:73 8. -
1] Pugh N, Ross SA, EiSohly HN, EiSohly MA, Pasco DS
lsolnnoif of threehigh. molecular - weight polysaccharidc;
pwtms with potent. immunostimulatory activity _from
Spiruling platensis, Aphanizontenon Slos-aque and Chlorella
pyrencidosa, Planta Med 2001:67:717-42 ;
;2] Tanaka K, Tomita Y, Tsunuta M, Konishi F‘,bkuda M, Hi
K, et aI: Oral administration: of Chiorefla vulgaris au mc:{g
concomitant antitumor immunity. Immunopharmacol ?Tﬂe
notoxicol 1990;12:277-9], i
, Ha.sega‘_-va T, Yoshikai Y, Okuda M, Nomoto K. Accelerated
m;:?rauon of the leukocyte number and augmented resistance
apainst Es-a':'f:erz‘chia celi in cyclophosphamide-treated sats
oraily, .admmistered with a hot water -extract of Chlorell
:}u!gans Int) l.mmunophannacol 1990;12:883~91 ’
P:or:r::: ef;hf:c:lr;n g Experimental role of the unicellular algae
sl (mul:::eggs (Chlorellaceae) in anti-cancer
Fil 1976;170:646-9. sorooma € Seances. Soc Bl
mezawa I, Komiyama K, Shibukawa N, Mo M, Kojima Y.

:Cildl;lf;;lysat:lchnndc, Chion A from, Chlorella pyvenoi-
1, icochemical and bi ival oroner Rttt

:‘[mpy 1982;30:104] 6. lﬂlﬂg e

Miyazawa Y, Murayama T, N, Wan

: ma 1, Ooya N, Wang LF, Tung Y

*A;Hamaguo ;I:hrg;:mnmnomodulation by a unicellar green galgi
Horella neidosa) in timor: bedring : mi y

Mbg;ngm! 1988:24:135-46. s e J'Eﬂmp_
e;c;;pt RE, Carmack CA, Wise CM. Nutritional supplo-

t ml; i:flﬂl Chlorella pyreinodosa for patients  with

fi:::"ﬁm_,hn. syndrome: a pilot study, Phytoﬂ:er Res 2000;

ﬁl‘;?n. SA, Smith BS, Nolan C, Shay J, Kralovec ]

fety rruze(_l, double:blind, placebo-controlled dial of tht;
*ty and immunostimulatory effect of a° Chlorella-derived
supplemenl in healthy -adults .undergoing influenzs

tlimnmmm. CMAT 2003;169:111-7. -

]y::ec, {A. Fm?ﬁons of Chlorella extract containing
ccharide having immunomodulating: properties. US

316,551,596 B2. LT

s T, Ito K, Ueno S, Kumamoto S, Ando ¥, Yomadi

! :i.; :;]a' administration of hot water extiacts of Chlorella

- uces IgE production against milk caséin in mice.

Immunopharmacol 1999:21:311 =23, R

J.A. Kralovec et al.  Interuational Immunopharmacology 5 (2005) 689-698
- — 697

[211 l\lflourc KG,” Danuenberg Jr AM. immedidte aid delayed
( .ale-phase} dermal contact sensitivity reactions in goinea
pigs. Pas;:ve transfer by IgGl antibodies, initiation by
mast' cell' degranufation, and ~ suppression by soyBcan
g;ol;mase inhibitor. fnt Arch Allergy fmmunol 1993101

—Bl1. ’ ’
[22] Lin T._l. Enciso A, Bissonnette EY, Szczepek A, Befus AD
Cytokine and drug modulation of TNF alpha in mast cells-
. Adv Exp Med Biol 1996;409:279-85. .
: [23}-l‘|l.q.:)onflcy-AM-,' Gleich G, Bar 1, Levi-Schaffer F. Effects
of - eosinophils “on’ mast cells: a new pathway for the
perpetuation of allergic inflammation. M
2002;38:1369~72. Mol fmmnel

{24] Lizo W, LinY, Lu D. A single step synthesis of methyl 3-0-
methyl l.x-D-manno,-u-DgaIacto,—a—l.—:hanmo-, and a-1-fuco-
pyranoside. Carbolydr Res 1994;260:151-4.

23] foszgayV, Nanasi P. Synthesis of the 2- and 3-methyl esters of
~rthamnose. and methyl o-L-rhamnopyranosi arbofy
Res 1980;81:184-6. noside. © v
{26) Bh.!menkranl? N: Asboe-Hansen G, New method for quanti-
413;:? stét:'tcnnmatwn of uronic acids. Anal Biochem 1973;54:
[27] Reissig ,::’ St;t:minger JL, Leloir LF. A modified colorimetric
method for estimation of N-acetylamino i
Chem 1955;212:959--66. Y e J B!
28] Cl)trbuoI is M, Gillis KA, Hamilton JK, Rebers PA, Smith F
- Colorometric method for detesmination of sy, . i
pars and relat
substances. Anal Chem 1962;28:350-6. releed
[29] lWl)ng KF; Middieton N, Montgomery M, Dey M, Carr RI.
... Immunostimulation by bovine milk i fons iry
S 1RSI , mmn fractions. J Dairy
[30} Bnt.:’ud:eau .RT. Fimduno R, Lin T1, Protein phosphatase 2A
and. protein kinase Calpha are physically associated and

are involved in. Psendomonas aeruginosa-induced: interleu-

kin 6 production by wast celis. J Biol Chem 2002277 . .°

5322-29. -
{31 Schreider '_f', Issclartz AC. Quantitation of eosinophil. and
. nﬂl;trophil mﬁltl_ation into fat lung by specific assays for
;os;nophe! peroxidase and myeloperoxidase. Application ina -
rown Norway rat model of allergic pulmonary inflammation
J Immamol Methods 1996:198:1—14. '

[32) Lin TJ;, Maher LH, Gomi K, McCurdy D, Garduno R,

. ;{;rshnll JS. Selective early production of CCL20, or macro-
P g;;nﬁa:mam protein 3alpha, by human mast cells in
§ 203;’ o ;6 50- gfeudomanas aeriginosa. Infect. l’mmun

(3] Gajewska BU, Wiley RE, Jordena M. GM-CSF ahdfidendﬁﬁc a

) cells in” aHergic airway inflammation: basic mechanisms aid -
prospects for thempeutic intervention. “Curr Drg Targets -
.. Inflamm Allergy 2003;2:279-92. T nE SRR

[34] Price 111 JA, Sanny C, Shevlia D. Inhibition of mast cells by -

" algae. T Med Food 2002;5:205-10;

B3 Ishihara K, Mimata M, Kaneniwa M, Saito H, Shinohara K,

,m?;&ngmo M. Inhibition of ‘icosanoid: production in
MCP9 mouse mast cells by n-3 polyunsaturated fatty acids
isolated from edible marine algae. Biosct Bibtéébndr;g)i,och::m

N 1998;62:1412-5,




694

BSA stimulation (Fig. 3). Mast cell viability - as
tested by Trypan bluc assay Was not affected by
treatment of 2 or its components - afier an lfh
treatment (IgE-treated: 96%; rIg'E-PTNP: 97%,
IgE+TNP+ 2: 96%; cells treated with fragments of
2 with or without. TNP showed =95% wablht‘y).
Interestingly, antigen-induced mast qell degranulation
and JL-4 production was not aﬁ'ectedby 2__@gble_ N,
suggesting a selective effect of 2 and its fragments
on mast cells.

3.4. Effects on ovalbumin-induced airway inflamma-
tion in mice in vivo

To evaluate the potential anﬁ-allergic effect of 2
in vivo, an allergic aimay'inﬂammatlm.l_mdgﬂ_m
mice was employed. Mice were sensitized with

OVA ip. and challenged with OVA inﬁ'anas;tllry.; o

During the sensitization and “challenging processes,

mice in the expérimental groups received 2 omally -

(4 mg/mouse, once every 2 days from day 1 to day

- 29). Mice in_ the control groups received saline.

. Jnflammatory cell infiltration is one of the charac-
teristics of allergic airway inﬂammauqn.,;OVA-
sensitization and _challenge induces a s{tgn;rfrica;;trr
eosinophil and neutrophil recruitment in the lung as

determined by, fhe mncres ice with 2 inhibited =

activities. Treatment of mic

OVA-induced EP

o ® ot Pt
) AW e e
AT AP

. Fig. 3. Effect of Chlorella exvact fraction 2 =

s were treated for 18 h with 100 g of the C. pyrenofdosa

extract (fraction Z)Q_r.;ts.spbﬁachmsh,z 26 Thess celg Bt
-ghen stiulated with antigen THP-BSA (10 ng/nl) for anadd; ouali nal

18 h. 11.-5 production in the cell free shpernatants wese ¢

mast cells stimulated. with TNP-BSA alone:
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'EPO (OD at 4500m) -

ol itssub-
" actionations. on IgE-depeadent TL-5 production hy_ﬁml;ﬁ i
colls. Anti-TNF IgE-sensitized mouse. bone marmow: =

fogv § (2005) 689-698

Table 1

No eﬁ'ects: ;if Chlorella extracts on IgE-dependent mast celt
degranutaﬁon and IL-4 production :
Dégranulation TL-4 production
(%} (pg/ml)
Withoul treatment 6411.6 Z.Si?fg
Teeated with SgEFTNP 234412 zngg 2
lgE+TNP+Chlorel!a - 26:819.0 08
extract fragment 2
SE+TNP+Chlorella - 192x14 6834106
IgE-tTNP-!—ChIom”a . 294433 75.8%12.8
extract Fagment Zh
1gE+TNE+ Chiorella 314482 79.6::10.9
extract fragment 2¢

me bone marrow-derived mastrcc!ls (BMMC) were .sensmzed
with anti-TNP.IgE ovemight. For mast cell dcg_mnulancm ass?)l;
BMMC were treated with 100 pg/mi of the dialyzed cmmf
pyrenoidosa ‘extoact (fraction 2) or its subfractions 2a; 2ber 2¢ ;(;
| h. Then BMMC weee stimulated with TNP-BSA (10 ng/ml) for

i Mast_ el degranulation : was determinied: by measuring B~

hexosaminidase activities in cell free supematants and cell pellets.

For testing T4 production, anti-TNP-JgE-sensitized BMMC were

oot for 18 hwith 100 gl of 2o s sbfizcions 2, 2 or 3
ens calls were then stimelated with antigen TNP-BSA (10 ng/tv)

for an additional 18 . 11:-5 production in the cell free supematants

-were determined by ELISA.

Gwen Vthre importance of IL-5 in' eosinophil

- survival and recruitment, effects ?f 2 on IL-5
E ,production in the airway were determined. As shown |

_Fig. 4. Effect of Chlorella: extract fraction 2 on allergen-induced -

B ensitized by Lp. inject
. sieway eosiiophilia in mice, Mice were SENSHos ection
of -ovalbumin (OVA) at days 1 and 5 and stimulated by OVA

exh‘actﬁ-acﬁonz,miqcmcﬁ\red4mgiﬁmscdfﬁm tested substance

" orally once every 2 days from day 1 to day 39 Terenty-four hours

after ic last OVA stimulation, mice werc sacrificed and ung tissues

- wies collected to deteimine the eosinophil infiltration by determin-

-ing EPO activities in {he Tmg. Results arc mean£S.E. from 8 mice

st mean compared wil - ' { - ction 2 treatéd) or. 5 milce (saline treted o
: ' =3, *p et (OVA treated of OVATHraction. t6d) or 5 mifce { .
by ELISA. Results are mean£S.E., n=3. fp<0.05 c0f pamd e !

“intrnasally on days 21, 25 and 29. For the reatment with Chlorella

p<D.01 p<0.05

[5)
)
B

™
7

o

L

ey

saline . 2 ) OVA

MPO (OD at 450nm)
QW —.l ; ')
—

nettrophil recruitment in the airways of mice: Mice were treated as
described in Fig. 4.: Twenty-four-hours. after . the: last - OVA
stimulation, mice were sacrificed and bronchoalveolar lavage fluids
were coliected fo determine the neutrophil infiltration by determin-
ing MPOQ activities. Results are-mean+S.E. from 8 mice (OVA

fraction 2 treated). ,

‘Fig. 6, there was a decreasing trend of OVA-
ueed JL-5 production in mice treated - with 2.
wever the difference did not reach statistical
gnificance, suggesting that the preparation may have
ditional effects to induce inhibition of eosihophil
iltration in OVA-induced lung inflammation.

. Effect on GM-CSF production by human mast

BMC are able to produce GM-CSF [32], which is
dant in allergic airways and is believed to be
nt for the development: of allergic airway
vation [33). To examine the effécts of Chlor-
extract fragments on GM-CSEF production by

p<0.01

r Fig 4 «Tweaty-four -hours- afier . the [ag_tlrov,\_ -

IL-5 production by ELISA. Results are mean£S.E: from .
VA weated or OVA+faction 2 treated) or 5 mitce (safiiie . :
fraction 2 treated). ST
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Fig. 5. Effect of Chlorella extmct fiaction. 2 on:allergencinduced ™

ted or OVA+fraction 2 treated) or' S-mice: (saline treated or

mast cells, CBMC were treated with fragments

- induced IL-5 production by mouse BMMC. This
... effect may be important because IL-5 isone of thekey
~cytokines involved in the developme rgic
~inflammation through regulation.of ¢
“vival and migration in vivo. To dete e M Vive
_effects of fraction 2 on. allergen-induced allergic

‘bronchoalveolar lavage fluids were! collected to. .
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2a Zb 26

lgk NT

IgE + anti-igE

-Fig. 7: Effect of Chlorella extract fractions on-IgE-dependent GM-
CSF production by human mast cells.. IgE-sensitized human cord
_blood-derived mast cells were treated for 18 h with 100 pg/ml of
Chlorella-extract fractions including 2a; 2b or 2¢. These cells then
were stimulated’ with anti-IgE for an addilional 18 h. GM-CSF
prodiction in the cell free supernatants were detérmined by ELISA.

. Results. are mean+S.E., n=1. *p<0.05 compared. with -mast cells
stimulated - with: anti-IgE without treatment. with the tested sub-
stances (NT; not treated). )

2a, 2b and 2c for 18 h. Celi free supematants were
used for GM-CSF production. Treatment of CBMC
with Chlorella extract fragments significantly reduced
anti-IgE-induced GM-CSF _production (Fig. 7).
CBMC with or without Chlorella extract treatment
showed >95% viability as tested by Trypan blue
assay. '

4. Discussion

Algae have been widely used as foods, food
additives, or nutracenticals. The beneficial effects ~
include - improvements of -immune response to

various pathogens [13], tumor antigens [12,16] or

[34,35):-Mast cells play an essential -role in the o
- development of allergy through secretion of
“potent mediators. We demonstrated that a Chlorella

“extract fraction 2 significantly inhibited antigen-

osinophil sur-
ine the: in vive

inflammation, an OVA-induced airway: inflammation
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10 pg OVA adsorbed to 1 mg alum. A baoster
injection of the same dose of alum-adsorbed OVA was
given on day 5. Mice in groups 1 and 2 received 2 (4
mglmouse) every 2 days, whiile mice in groups 3and

4 received saline injection. Mice in. groups 2 and 3
were intranasally,challenged'with OVA (20 pg in
galine) on .days 21, .25 and 29 after primary.
 mmunization, while:mice in groups, 1-and 4 received

saline ntranasally.: Twenty-four hours after. the last -
OVA challenge, all-mice: {groups 1 to 4) were
sacrificed. Lung tissues were examined for eosinophil
and neutrophil jnfiltration and cytokine production,
measures of alrway inflammation: ,

2.8. Preparation of. Bronchoalveolar - lavage Sluid
(BALF) and lung tissue and_assays for eosinophil
peroxidase (EPC) and myeloperoxidase (MPO)

Lung tissues Were homogenized in 50 mM HEPES
puffer (4 n/mg lung),containing soybean trypsin
jnhibitor (100 pg/ml). The homogenate Was centri-
fuged at 4 °C for 30, min at 14,000 pm. “The pellet
was re-suspended. and homiogenized in 0.5% cetyl-

trimefhylammonium chloride (CTAC) (4 nl/mg tissue), .

and centrifuged as above. The clear extract was uS
forEPOandMPOassays,,_ By

To obtain the. ;b;—qnchqgmaa;:f;;yage fluid
(BALF), nice. were, $a¢ ced by cardiac

the heart to

wtional Immunopharmaco!ogy 5 ¢2003) 6

_optig_a!_ _(_iensity was measured at 450 nm.

49698

containing 2 mM resorcinol. The optical density was
measured at 490 nm.

For the MPO assay, samples (75 ul) were mixed
with equal volumes of the substrate (3,3.5,5'-tetra-
mcthyl-benzidine dihydmchioﬁde, 3 mM; resorcinol,
120 pM; and Hy03z, 2.2 mM) for 2 min. The reaction
was stopped by adding 150 pl of 2 M H,S04. The

2.9 Cytokine production and mast cell degranulation

The concentrations of IL-5, GM-CSF or L4 in the
lung tissues OF the BALF were determined by ELISA
as previously described using antibody pairs_from
R&D Systems (Minneapolis, MN) [30].

Mast cell degranulation was determined by -B-
hexosaminidase release into the cell frce supernatant.
BMMC were treated with 100 pg/ml of CPE for 1 or
18 hand followed by stimulation with TNP-BSA (10
ng/mf). Cell free supermnatants -and celt pellets were
psed to determine p-hexosaminidase setivity. Briefly,
50 pl of each sample was incubated with 50 uiof 1
mM p-nitmphenyl—N;aqétylfﬁ-D-glucosaminidc
(Sigma) disso ved in 0.1 M citrate buffer, pH 5,ina
96-well microtiter plate al 37 °C for 1 h. The reaction

_was stopped with 200, pl/well of 0.1 M carbonate
buffer, pH 10.5. The plate was read at 405 nm in an
'ELISA reader. ' :

" Data are presented as meariiS;E.M.' of the

" indicated number of experiments or animals. Stat-

isﬁcal significance was determined by assessing

spun &s before to lyse red blc

patants were discarded, the pel
0.5% CTAC (250 pl/mice) and ce
clear extracts were s
“EPO was specifically measy
diamine as the chromogen atp!
chromogen at pH 5.0 in the sbsence of KB Vil
the EPO i ibitor, resorcinol, 8s previously desctibed
- [31}. For the EPO -assay, samples. (73 D) were add
. 1o an equal volume of substrate mixtures containi!
" KBr(6 ﬁlM),b-pht:ﬂﬁﬂl‘iG diamine (3 mM)and H,0;

(8.8 mM). The reaction was-allowed to deivqlop,fgt-}q o
2 M H;S04

s _a_.f!d'§t°PP‘=ﬂ-:;b¥.;ﬁ#¢ding;?_15¢ pl of

means with ANOVA or by using an unpaired (-test.

" Differences were considercd significant at p<0.05.

3. Results

" 3.1, Extraction of CP cell |

. Lyophilized extract 1 ywas coinpared with commer-

" cial samples of Chlorella extract (Respondin™) t0
ensure that.as & source of 2 it is in full compliance

. with. the specifications embodied in the- Cestificate
of Analysis “of this hnmﬁnOmbdulator.,'Maxeﬁal- 1

was. produced “with ‘an average yield of 102%.

A, Kralove 2] 151 6
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tered, applied on a coll
: umit of dimensior - !
onitored at 280 nm (—), and at 490 “m"(": f-"’)xalﬂqg ‘::_’xf‘“_d ;:!;ed with the same buffer #t & flow fate of 0.36 ml
. ixing with phenol-sulfuric acid - mil/min. The fracti :
p reagent. lons were

ialysis against a 12 kDa Jbran

SIS agai 12 kDa membrane  follo
ppl;!el:izact;?in provided 2 with a 6.8% ;ié?: ii:a?;
2 o ne:ji ” 2{1 30%?, and sPeciﬁc inimunoécﬁvity
casu & l;nulatlcm ‘of: undifferentiated spleen -
p Oﬂlcreaser il y abqutZS%.'Th’e polysaccharides
ot hyflratc based biopolymers of 1 and
o rilézcs[:edqmmamly arabinose, glucose, rham
f:m’mts of glzgfségt?;t;scti ‘:’ith ; ha"i“g,'highc;’
}ysacchmide), (48% versus 19% of total

;Zt:n mt;) lfnd;ffcrgntiated spleen cells or its B cell

Wit},‘poﬁ];u :iltlon ,was_associated almost exclusivel
ith_fi ction _Za (Fig. 2). This fraction contai cg

pnlmanly a;:abmosg, galactose and rhammose inu:h

gﬁtyi%c;::,ndg and f;qrbohydratefbased portioﬁ, with?

out Hibase, :Z;lggmnng. total removal of RNA frag-

comai;-, Dol on amino acid analysis, fraction 2a

: % protein by weight. '

PN 3.3. Cytokine production by mouse mast cells
7 ~ Since mast cells play an essential ' i
1 1o
geﬁelopment.of allergy through secretion of :jla;lc::llll?
d:nveg mediators such as IL-5, effects of 2 on IgE-
deﬁ;l; ieng‘tl I[pf' production by mast cells were
tenuined. Mouss BMMC werc scnsitized with.
i TNP IgE :nd treated with 2°(100 pg/ml) for 18
B’MM . dy '_I'NP-BSA stimulation for 18 h.
e wﬁ,' te mﬁn 2 and its higher end molecular
mass o0 ponents 22 and 2b demonstrated a signifi- A
cant. uction in IL-5 production after antigen. TNP-

|

E‘;:: exclusion chromatography of 2 using a
ex G100 column resolved the mixture igntf:

Osza;l;ias's_' compo:il:eﬁ'ts'}b"aﬁd 2¢, that appeared
: (Figeslr)n t;; form of two partially resolved

- 1). The immunostimulatory activity’
ured by stimulation of [ﬁ}thyniidjg i:;gx‘gg

[H3] thymidine
incorporation (CPM)

Fig. I;C'.hmmt(.) o R
: graphy of 2 using Sephadex G
100 ; . . .
column. Two grams of sample were dissolved in 100 mM acetate buff . S
¢ buffer, pH 4.5 (20 mg/m!)

2 LPS

. 20wgiml "

3¢ of uidifferentiated splé ChLiminiaon o ,

y L b ihymidine incorporsion into ouse mq:]pe:,mmg"‘“"”"‘m’hma) i 6 commponeate, The stinulaion ffect i

iﬁg?;:?;;ﬁ g/l (open bas). The confrols were differeat concentrations of sample aﬂﬂ&mﬁ_@;:!;.‘a;@ et

nirol). AR : mdialyzedg st di r |m‘ d,‘?"ns,.(nesativqoun ¢ y 1.2 -” il (gray bau),

esults are meantS.E., n=3, ° gm distilled water; lyophifized and then dissolv egi):ﬁn;:ecl;s! ;:lil'e:gfdyaqrzp pg/mlLPS: -
e ' iumn, prior to adding to. -
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: marine water and is widely used as
:ng)ogez?ipﬁgmem [4).-1t is. a wvaluable sougt;? o:
nutrients, relatively Jow in c?llulo:se, andd ct::}:c I:Sm;
remarkable diversity of physml(.)gs_cai an fl‘ chem-
ical properties [5) The ,be-neficlal effects F_ Hor
ella preparations include improvement O !mcomis
function and a better control of ulcerative

d hypertension [6,7] : 1550~
:?atedyazth the prevention and treatment of cancer,

bacterial, fungal and viral infections appea: h;:: ?::-,
mediated via the immune system rather g
direct toxicity against the fumor or pathc;_.rfsn (Cpi
An aqueous extract of Chlar?{la pyrenoi aslj;al_fax
1 ('Respondin‘*; Ocean Nutrition Canada, 1 'flan&
NS, Canada) has recently been sl‘lown :'fo,be safe o
to e’nhance the antibody response subjects lrece:!vlc Ig)
influenza vaccination [.18]..1n vitro, the dm]yzemass
extract, fraction 2, and its la.rge r'nolccudar mass
fractions stimulate B cell pl'OllfCl'aElO‘ﬂ an x:d o
phage activity [19], indicative of an:mmunom ot
ing effect. Interestingly, _oral admm:str;:mnmﬂuc-
Chlorella preparation in mice suppressed the pﬁ“ -
tion of jmmunoglobulin E ('IgE), sugg;:sﬁo ng &
potential effect for Chlorella 10 the regula
i nse {201 . ] )

aﬂe;glltr;eys%:_a.m[ulﬁcellular-inyolyed jmmune disor-
central role in the development

receptors for- I@mﬁtm@m Spectie e
Upol; activation by antigens, inast’ cells release
various potent mediators {22

SRSl Lok S B sLT f mﬂstce“—
1I's effects ar¢ mediated b)'r secn;tu_m o
(;eeﬁsed mediators such as interleukin=5 (IL-5) and

granulocyte-macrophage colony-stimulating factor

(GM-CSF), which are important for the survival and -

function of eosing ils. Eosinophils and neutrophils

are major inflammatory c::ii in [t;l;] late .phasc' of
' .. disorders, such as asthma (23}
| augltfut:h‘ii; “study, we- examined thc effectdo:"l l2 o::
mast cell cytokine production in vitro an ergic
fung inflammation in mice IR \rlvn )
inhibited TgE-dependent IE-5 p;qqug: or
- cells. Furthermoie, we report that oral

suggesting an- anti-allergic effect “of .this 'i'filgtary

. supplement. -
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. Chlorella preparations asso- . "7 e alls were obtained

laxeéphasc-gé'g_llgr_gi_q;;inﬂanunatiqn. _

Many of the mast -

tion 2
y mast -
| administration. |
°¢ 2 blocked ovalbumin (OVA)-induced ws;“"";‘;' .
ond ticutrophil infiliration in the airways Of FEE%

5 (2003} 639693

2. Materials and methods

2.1. Materials

Cﬁerﬁicals (analyticai-grade} and dialysis mem-
branes with molecular weight cutoft" 12 kDa were
purchased from Sigma-Aldrich Chemical %IS;_ L:i)mé,

i therwise. Lyophtlize€

MO), unless specified 0 e, Lo -

ella . Manufaciuress {Taipei, T%iwan}::[‘he mit;i:
tent of the cells was established with a moi

COI!I ¢z and was below 3%. All dizlyses -were

o zmr“neu:d against several changes of di_stilled w.'afer

Efg;) the conductivity of the dialysate in 2 salinity

mode was less than 1 ppm. Chromatography was

performed using columns and accessories purchased

from Amersham Bioscience (Baie D'Urffa, PQC)n R(P;}I\ug
1640 medium was obtained from Invitrog B
lington, ON). The BCA: kit for protein deliennﬂuman
was 'pu from Pierce (chl_cford, L}- umt
'1gE was obtained from Chemicon In;em el
(Temeculy, CA) and anti-huEnan IgE Al .w-aslgsmp; "
chased from DAKO Di jc Canada MI?S > ngof
ON). Appropriate antibody pairs for determinatic f
oytokines, including 1L-5 and GM-CSF, by cuzye
linked immunosotbent as5ay (E!,ISA) were
from R&D Systems (Minneapolis, MN) -

pyren

ross high levels of - 2:2- Extra fion of Chlorella cells
e e CP cells (300 g) were extra

water at 80 ' ling to 22 °C the
“water at 80 C for 1 h. After co0 2 °C
::iftlrxre was Contrifuged at 20,700 xg for 20 rin tamslf
the resulting pellet was washed twice in 75?5 l:f ﬂ?e
distilled watex and re- Heted. The su[.;ematan fthe
extraction and wash steps were combined an:d filt ol
pim ted un!

] '0.45 psn membrane, €vaporaict 't
tbm“f:l :: 500 m and the concentrate was split into
‘t:r'iueqdal portions: The first portion was :'t;(l:roﬁlterei
in 1. The secon

- directly lyophilized to obtain 1.

;I::ﬁ:n wasyl dialysed against water using 2 12 .sza
cutoff membrane (Sigma) and fyophilized to lqllrltam X
To determine the carbohydrate based polymers,

selected preparations. Were.

acetic acid (3.0 mg/ml) in a capped vial under Nz at.

100°C for 3 b, dried and reduced ot roomrtv:*.n1113.;’:ra‘tlx‘;z:r
'using 0.5 M NaBHj iri 0.6 ml of 1 MNHA 2
stiring overnight. After que

cted witi 1500 mi of

stipred in ‘1 M- trifluoro--

nching ‘with 20% acetic 7

acid in methanol and drying, 3.0 ml of acetic
anhydride was added. The sample was then heated
at 80 °C for 2 h, evaporated to dryness and extracted
with acetyl acetate. The reténtion” timies ‘and - mass
- spectra of the ‘tested samples were compared ‘with
thase of derivatized pure standards of individual
sugars and/or commercially available mixtures of
alditol acetates. Standards: of methyl 3-O-methyl-o-

thamnopyranoside were prepared according to-Titer-
ture with minor modifications [24,25]. Determination:
f uronic acid content was performed as described by
Blumenkrantz and Asboe-Hansen [26) and fresh m-

ydroxydiphenyl reagent was used for each analysis.
Quantitative determination of N-acetylamino sugar

eveloped by Reisig [27). -
3 Chromatographic fractionation of 2

- The solution of 2 filtered through 0.45 pm filter
was applied to a Sephadex G100 XK50/100 column
uilibrated” in 0.1 M sodium acetate in 0.02%
dium azide, pH 4.5. The elution proceeded at a
inear flow rate of 0.36 ml/min. Fractions were
itored at 280 nm and after mixing with phenol-
lfuric acid reagent they were re-tested at 490 nm
].- The appropriate fractions were -pooled, dia-
I, -Iyophilized and tested . for. -their- ability - to

ilate profiferation of spleen cells. -~ -

male BALB/c and C57BL/6 mice age 6-8 weeks
purchased from Charles River Canada (Saint- -
nstant, PQ) and maintained in the animal care
ty of the IWK Health Center, Dathousie Uni-
ty (Halifax, NS) under a 12 h light/dark cycle.
studies were carried out in full compliance with
lations of the Canadian Council on Animal Care,

a extract fractions = % R

/c ‘mice between 9-16 weeks of age were
¥ cervical dislocation, their splecns removed
aseptic conditions, and the splenocytes isolated
usly described [29]. Splenocytes were plated

L-rhamnopyranoside ‘and- “methyl * 2-0-wiethyl-a-r-

content- was performed: using - a ‘standard- protocol -

*Mice were divided info 4 groups (8 mice/g
‘Al mice received ovalbumin (OVA, Sigma) sensiti-
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at 3x10° cells/well in 0.1 mtof RPMI 1640 medium
in 96-weli flat botiom tissue culture plates. Samples
dissolved in the cell medium were added to tripiicate
wells to give a final volume of 0.2 ml/well and the
plates were: incubated at 37 °C under’a“humidified
atmosphere of 95% 0./5% CO-. Lipopolysaccharide
(LPS, 20 ng/ml) was added to triplicate wells as a
positive control. After 48 h, the cells were pulsed with
- PHEthymiding (I pCi/well-in. 10° gl RPMI) and: -
incubated for an additional 18 h: Cells were harvested
onto. glass fiber filters and the associated radioactivity
““determined by:liquid scintillation counting.

26 Mast cell activation, Chlorella extract fractions
““treatment and mast ceil viability test

- Mouse bone marrow-derived mast cells (BMMC)
were cultured as previously described [30]. BMMC
(1X10° celliml) were incubated with the tested
substances ‘at the concentration of 100 ‘pg/ml’ for
18 “h-at 37 °C. :Fof'Ig'E'-dejJéﬁdeﬁt'"mastfrccll
activation studies, BMMC were suspended in fresh
complete medium containing 25% of TIB141"
directed against trinitrophenyl moiety (INP). Fol-
lowing sensitization, cells were washed and. acti-

- -vated by the addition of 10 ng/ml trinitrophenylated

bovine serum albumin (TNP-BSA, Biosearch' Tech-

were cultured as previously described [30]. CBMC

were treated with 2 (100 pg/mi) for 18 h. For the study
of IgE-dependent activation, CBMC were sensitized” ™
with human IgE (10 pg/mi) (Chemicon, Temecula,

-CA), and stimulatéd for 24 h with anti-human IgE Ab

(1:200) (DAKO Diagnostic Canada, Mississauga,
ON). Cell free supernatants were collected for the
determination of GM-CSF production. ~
The viability of mast cells with or without treat- =
ment was determined by Trypan blue dye exclusion
assay- o - B ) ERNDEENE : ERN :':,"

- 2.7. Allergic lung inflammation mnuceand treaimeut

with 2. : ,

ce/group).

zation on day 1 by an intraperitoneal (i.p.) injection of
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stract

An aqueous” extract of the edible . microalga; Chiorella pymnmdosa (CP) (1), has recently been tested for its
munmnodulatmy effects in a humian clinical trial: Here, the CP extract was ‘dialyzed and fractionated using’ Sephadex G
). chromatography. The effects of a dialyzed aqueous CP extract, fraction 2, on mast cell mediator release’in: vitro: and
lbumin-induced allergic airway inflammation’ in vivo were examined, In vitro, treatment of mouse. bone: marrow-derived

he airways. Moreover, fractions obtained by S:ze exclusion chromatography of 2 inhibited IgE-dependent cyiokine GM-CSE
duction fiom human cond blood-denved mast cclls ;Takcn togelher these results suggmt that 2 js composed of bmpolymem
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Ch!omfla pyrenmdosa, Allergy' Aslhma, Mast celk‘ Inﬂammuon Immunomodulauon

i l Introductmn

o .;7;".7'::3::” 'allergy and asthma has occurred during th
20 years [i]. There is growing interest by
publ:c in altematwe medicine for the management

ort pondmg author. Tel : +1 902 42: 567! &x‘ + 902

! ‘address: jlcm!ovec@oeeaumumtmn com _7 S
ovec): . : RS 31 Clzloml!a is a unicellular green algac found in

',—seeﬁontmauchDZOOdE!semerBV Allnghtsmsewed
6/ intimp.2004.11.016

ccl[s with 2 for I8 v s:gmﬁcantly mhlblted armgcn (mmlmphenyl—BSA}-mduccd IL-5 production..In vive, treatment of.. .
i i :significantly. s reduced eosinophil and neutrophil infiltration .~ ..

A w:dcspread increase in the pneva!ence of . :
Iest -
the .

~of allergy [2], including wsing dlewry supplements






