KOREAN J. FOOD SCI. TECHNOL. Vol. 41, No. 3, pp. 313~319 (2009)

KOREAN JOURNAL OF
SHR AIZE NI SIIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

X2 =80} F=0| 2|8t Spirulina maxima HAEN ST
2AT -3 - A - A o - AHE - A - s
HAIZE' - b’ - A=Y o]l

iojeka BTSAsehoel, elEsidi st A F7 1 gR) S ,

qpalord 74, VT st At T4

Enhancement of Immune Activity of Spirulina maxima by
Low Temperature Ultrasonification Extraction
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Abstract The marine microalga Spirulina maxima was extracted using water or ethanol at 100 or 80°C and by
ultrasonification in water at 60°C. The ultrasonification technique generated the highest yield (19.8%). To be therapeutically
useful, the extraction should yield a product with low cytotoxicity and high immunity against skin infections. The
cytotoxicity of all extracts (1.0 mg/mL) was below 25%. Moreover, the cytotoxicity of the extract generated by
ultrasonification was 5%. Extracts prepared in the described manners could inhibit hyaluronidase activity by up to 40%
compared to the control. Increased growth of human B, T and NK cells and an increase in cytokine secretion were
observed, confirming the interrelationship between both human immune and skin immune activity. The extract prepared by
ultrasonification increased the growth of human B, T and NK cells up to 10.3x10* cells/mL, 11.3x10* cells/mL and
19.1x10* cells/mL, respectively. The extract prepared by ultrasonification also greatly increased the secretion of both IL-6
and TNF-a.. Moreover, it was estimated that protein, Na and leucine occupy a high ratio. Accordingly, this study has
confirmed that extracts prepared as described have the potential to effectively increase skin immunity.
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phenoic acid, tocopherols o ekl sdkar
oH(1,2). T8k carotinoid 449} phycocyanin, novel sulfated
polysaccharide &©°] Al &<t & 9 3 =3}, A4 = F
Ao oA, gtstel] thd aHE vepithe d7E HiLE]
ATH3-6).
B Aol AMgE FQ FOF Spirulina maximas 715 AT
Bl 2ol IR Spirulina platensis] 8]81e1(7-9), A= o]
W} SOl Bpal S5 o2 Weel 4150, Tl g
ol oF 109719 o 3, Aol vkl $EUREAE
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Aol e EWE AT ARG HMPOR S maximad] IHAY
B4 Z9) 2AAS) /S BAs) A8 A7 W A

=1

W B M¥E, T Al 2 Natural
% =43 IL-69F TNF-a9t 722 cytokine]
He 24 75 I, d95 &5
9] hyaluronidase A3l &4 a5 vt S S maxima
2% sFeH 243 ob|it =S S platensisSt v]aLste]
| QS B8 Wb S maxima®] MEE FF 8=
Aol 7FsAE ERIFeEN AMEL FRAY FXlo] 7se &
A fEEM degstat g

e X

Xy FE

ol ALE-3F AR sllgoll X wlEE Spirulina maxima
(UTEX, LB2495, USA) 105°CollA 3U7F AZxsE B & v
e 100°Cet 229 W 60°C & F2E, 80°C EtOH F=E
], 7] 37 WZ7|I7F H2E FF flaskel] AR Sl i)
Zkz 10018] BulE o83l 3AZF FEalaL, 7t FEEES A4S
A 9 55 & FHNXRE B3 EHAEE 47 &5 A
Akstsiet.

AT
> Ha

q
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Aol AHE A= wE ATCCEAE Rgighon, W
ME S S axto] o]8¥ T cellJurkat (T lymphocytes:
acute T cell leukemia), ATCC, Manassas, VA, USA), B cell
(Raji (B lymphocytes: human burkitts lymphoma), ATCC), Natu-
ral Killer cellNK-92MI cell, ATTC)S AFESIATE Ao AREH
A, HAAZE RPMI 1640 ¥R 10% heating-inactivated
FBSE #H7MA wiFsIi L, NK-cell> o-MEMH|A]o] 2 mM L-
glutamine, 0.2 mM myoinositol, 20 mM folic acid, 2-mercaptoetha-
nol, 12.5% fetal bovine serum= F7MAA BlSsIAT) o2t W
A E gl wRA ] wigS 913 WA= HEPES buffer, Dul-
beccos modified eagle medium(DMEM)Z} RPMI1640, & %9l
fetal bovine serum(FBS)< Gibco(invitrogen, Carlsbad, CA, USA)
ALZHE FUsI] ARSI} Gentamycin sulfate, sodiume chlo-
ride, sodiume bicarbonate, trypsin-EDTA+ Sigma Aldrich(St.
Louis, MO, USAAIZRE FUston, 1 9 AGEH} F&
Lol ethanol, ¥&-&m21 chloroform, hexane 52| F7]-&mE
< Sigma AldrichA}e] 55 A|oFS ARSIt

olstst ME 24

oAt $HS Association of Official Agricultural Chemists
(ACAC)Hd| we} ofm|i=it EA7]2 BASHITH12). &, A&
10 g& Y7t oplEC R Y7l F 60°CY] dry ovendllA] o3}
Aol HA AzA7)2 v st AZAAEZ(1.6x1.6 cm)oll W}
HANE 5mgs F3k] 6N-HCI SmL 718l €713 & 223l
110°CollA 247 7F 7HPESIAIZTE o2 50 mLe] YA 2] ol
713 8712 001N HCHE o2 7 Ho] aialde] x|
3 4719 2N NaOH&Y 2mLE ¥ 3t T 5,000 rppmoilA]
3087 YalRE sl AEdE w2 FHte 60°Ce & AellA
Ar7tegs THAZIHA F53IaL ZHFES 0.02N HCl 20 mL
o Hol3 o]F 045pum filter®2 AFE T A|FgAoa &
th AR oAt B B389 AIFERS opwAk 24

7191 System 6300 hyperperformence analyzer(Beckman Coulter,

Fullerton, CA, USA)°ll FU3}d chromatogram®] peak H& O 2
Ao, vug sl XS =E Spirulina platensiss -2
wHoz ARSI ofr|iat EAo] AMEE HHE-LS Li 10em
column No. 338051lion-exchange(Beckman Coulter)S AFE-3}3S
w, B4 ZAL 150 min, buffer flow rate 20 mL/h, ninhydrin
flow rate 10mL/h, ZAH 42 1380 psi, S0 uULE FY3hH, A4
7L 40 psiE A Sk}

AOACH | whet 43¢ dubgit 42 i 3ol 105°C
Az, 38 T 550°Co0A AR 3|sPHS o] 8-3te] B4
stk 2 A HekS micro-kjeldahlE-S ©]-&3F Thd 2%
E417](FOOS 1035 analyzer, Tecator, Sweden)Z, = A% &FS
Soxhlet H-& ©]&3te] ATt AsHddd T 919 34
A& et 3 100004 W o= Tt

F712(Ca, P, Mg, K, Na, Fe, Zn, Cu, Mn) & 22 <A
AOACH 93t 433t &, AlEE 0.1 mg 957 4 g
Fste] 550°ColA 6A17F E<F 3]3HAI T, 20°C sand bath
gollAl 5mLe] HNO; &€& 7lste] 10% &3 7h2siar iy
3. 25mL volumetric flaskol Wi FFHFE 78] oIl A
(whatman filter paper No. 41) 838}, o|¥A| oJ3d oS
7k M gHor AH3t FE2 343k T Inductively Coupled
Spectrometer(Perkin Elmer Instruments, Shelton, CT, USA)E ©]
43t F=ZAE Plasma WEEAYOR B oH, ¥4 =4
< nabulizer pressure 3.5 bars for meinhard type C, aerosol
flow rate 0.3 L/min, shealth gas flow 0.3 L/min, cooling gas 12

L/minZ 3}ith.

M
rlo

A MZ(HEK293)0 CHEH MEZESM -

M EEAL sulforhodamine B (SRB) assay S S8 217
217 AEQ HEK293(ATTCYS ©l-&3led =431tk HEK293 Al
FZ 96 well plateol] 4-5X10* cellymLE £33 3 2447} <t
HI(37°C, 5% CO)3 &, AFE% 02, 04, 0.6, 0.8, 1.0my
mLE AZF 247+e] A8 100 ulA Hrlske] 48A17F FoF Y
it vige] gEH Fof A5AS AASEL ATE- 10%
(W/v) trichloroacetic acid(TCA) 100 uLE 7}8ked 4°ColA] 1A]7¢
B WA & ZHSE 4538 MR s TCAE AAsIL A&
oA plaeS AZ3 T ZF wellol] 1% (viv) OHHIEAr] <]
04% (wiv) SRBEHE 100 LA FH7Fslar Ad-2ollA] 303 &<F
AT AGEHA] B SRB FAAL 1% o EA gAo
2 4538 A= AlH, AZAIZ] 3] 10mM Tris buffer 100 uLE
A7rsle] GANS Zod & 540 nmol| Al microplate reader
(Thermo max, Molecular Devices, Sunnyvale, CA, USA)S ©]-&-3}
o F4=E SH3IH13).

—

& A= £3}9| hyaluronidase X3l &M

5 dF AAEAE Hrket7] fAste] 771 €90 hexane,
chloroform, ethyl acetate, butanol % water fraction® 2 +2}2 S
2 E3 FZ3}o] hyaluronidase #31&4S =433t} Hyalu-
ronidase A & 7+= Rooster CombollA] A E  Nacetylglu-
cosamine®| ¥ HHHEAR S5t A4S AT 0.1
M acetate buffer(pH 3.5)° =<1  hyaluronidase(7,900 unit/mL)
SopLel AlEe] FEES HEELEIF 02, 04, 0.6, 0.8, 1.0mg/
mL7} HE2 20puLE 7Felal, &40 43S el 125 mMe]
CaCl, 200 uLE &3 3 37°C 5 Aollx] 2087+ viFA A},
272 DMSO £S5 Wil 8 Adollx] 2087 sttt
Ca®2 &243}% hyaluronidase 821 0.1 M acetate buffer(pH
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3.5)° =<1 hyaluronic acid (12 mg/5mL) 250 uLE %718t o
Al 8 ZgolA 4087 wiFelTh Bl F 04 N NaOH &<l
100 uL2} 0.4 M potassium tetraborate 100 uLE WHS- E3HE9l
A7vsle e oA 38 iR § WA A WA
71 WEg-Eof dimethyl aminobenzaldehyde & (p-dimethyl amino-
benzaldehyde 4 g, 100% acetic acid 350mL % 10N HCI 50
mL E3te) 328mLE WE EFE F7HE F 3°C 78 A
oA 2087+ Higet § 585 nmA FEEE AT A
2 o3 Zo] Altelal, a4 48 50% Aslche =
£ Wil oste] Fslar, o1& IC,, #oE gt

Hyaluronidase Inhibition(%)=[(ODc-ODs)/ODc]x100

1714 ODc= WZEw9] OD(optical density)°]2, ODs= AlE
Lo 585 nmollA2] ODgLelth(14).

HAMZE M5 BT 33t ¥ cytokine EH|E 3

WY e T 8= WY MEQ T AlE(urket)?} B AlE
(Rajiyg ol&3led AF3IATh MlES] KL 10% FBSE -3t
= RPMI 1640 8jA]olA 5% CO,, 37°CollA viFaliom, wHe
7% 37 A= 24 well plateol] AZE 1.0x10* cellsymLe] &
T2 5ot 6d &St widshHA] midmid - welle] cell
hemacytometerZ A XFE 43l A SAEE S4s= W
WS AME3IATE Cytokine 1L-69F TNF-a2] A #HS IL-69F
TNF-02] A% kit(Chemicon, Billerica, MA, USAYS Al&-3le] =
A8l T). Jurkats} Raji AIZZE 24 well plated] 1-2X 10 cells/mL
T2 B3 5 37°C, 5% CO, incubatorol|A] 24417 viSel 3
0.5 mg/mLe] F=2| AEF A3t 94 2715 o]83)
vk viR] 2] FE NS FH 3 ol Sunrise(Tecan, Grodig, Austria)
& o]&3l 450 nmollA4] microplate reader(Thermo max, Molecular
Devices)E o|&-3l] FHEE A3l Lozl 7S EFELE
ol g8l FAe HFEFAI} vlWd) cytokine2] ¥ A IATh
(13,15,16).

Natural killer(NK) celle] H=E S3}

NK-92MI cellsS o-MEM HJA]o] 2mM L-glutamine, 0.2 mM
myoinositol, 20 mM folic acid, 2-mercaptomethanol, 12.5% fetal
bovine serum (FBS)®} 12.5% horse serum (Myelocult)oll 2x107
cellsmLe] FEE JXAA AT

017+ BAIXE T-25 Flaskol] vlsPAA sampleS FoI3t 3
AR =g FFsEA 34H0) A Wi & AEE A4 2Est
o] A=l HsIIth NK-92MI celle 24 well plateo] 4-5x10°
cellsymLE 900 uL¥ EF3} 24A7 & BHIE2| &S 7zt
platel]l 100 uLA T3] Hj<k 48A4)7F 36U < NK-92MI
celld] A EZE cell counters ©|-&-3le] Aol A EFE =74
sled NK-92MI celle] =5 A 3TH(17).

olN

SHXZ|

A A= triplicate determinations®l] 2|3+ Mean+SDZ FA]3)
om, z} HaA 7+ Aoli= ANOVA testoll 28l p=0.05 =
oA felds ASsiiTh
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Spirulina maxima®] LWtz 2L F71Fe] B4 AIE Table

Table 1. Comparison of chemical composition of S. maxima and
S. platensis

Component S. maxima (Yo(w/w)) S. platensis (Yo(W/w))
Carbohydrate 14.42 16.21
Crude protein 56.59 56.14
Crude fat 0.94 0.75
Water 5.03 492
Ash 23.02 20.98

Table 2. Comparison of several mineral compositions of S.
maxima and S. platensis

Composition 8. maxima (mg/100g)  S. platensis (mg/100 g)

Ca 2.38 1.16

Fe 5.34 3.02

K 24.26 25.32
Mg 3.52 2.03
Mn 0.03 1.23

Na 65.80 56.32

Zn 0.01 1.32

P 13.31 10.62

S.

o)
AR

13} Table 20 ZHzF JEPQATE A dukxAd £
maxima'= ZEMAo] 5550%2 7PE =L H|&S 2A| 8
on, BslEy) Sliao] 7k 1442, 23.02%2 HwE 2 ]
& YeRAE oldl vl S. maxima}t S. platensis BF ZA
Wik 2R RS nwE whe ARE B T3 §)de] B
243} YEFo] 6580 mg/100 gC & 60% oS A8tk F
Spiruling 25 WEFZ Z-go] tlfEe £7124& #AsIeH,
53] S maxima2l 735 HF Aol Ego] He HEEC] S
platensisel] B3l =2 B]&S AABIL Je AR e
TSk Table 32 53l S, maxima®} S. platensis®] 19%2] o}y
=2 248 JeESITE Glutamic acid®] ko] 15.08%F -4
ofn| = AbE W HES XS UA W, S platensisS} Y]l
ste] F4 ofmeAt 7% F SR leucine} tyrosine®] O]
717} 9.83, 4.57%=2 Y53] Bol $HrEle]l AATE Leucine M,
B 28z AR A4, dEIFENY F23 LR
ol AO B S maxima®] 75~ A HLRFE I ojm]lke)
o] Auldoz FRel] 7154 AEORA L 7EX Wtk of
Uz} o]& o]g3le Q17ke] QAo AHHom Agee EE
AEZHN o] g3l FF W FHd 71T Aoz AlsE.

ANx
Ol i,
M

A MZEMHEK293)0]| Chst MZSY =%

S. maxima FEE2] Q17 A AAF AlFxo| gt AEEAS
sulforhodamine B assayS AF8-3ld 43 Ay} RE FEE|A]
HNEZAHL 02-1.0mgmLE % o|&Fow Zrlsles AES
JeRIZ, A 5% Fo F5¢ 1.0 mg/mLelA 80°C EtOH
FEEO] 245%] 7P & 54S HYoH, 1000C E FEE
olAl 213%, 60°C 25T W3l & FE=A 185%2] &3&
Uehgio] g AlZel ik AE5Ae] vlmd we Zoez 1}
B THEFig. 1).

o] AxE vlgo R AFHAZ S platensist V] sle] FHIL
F52 1.0 mgmLollA R 26% olste] AEZEAS UehE=
Aoz dHZ Ao Ha(18) W ME F4S Ve &
A Aol & 2ol gt ¢ B AESAAS YEUE A
o2 AgHY o9} FAlo| B AF FHoAM © gl F=
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Table 3. Comparison of essential amino acids of S. maxima and
S. platensis

. S. maxima S. platensis
Composition
Content (%) Content (%)

Aspartic Acid 9.83 10.42
Threonine 5.26 5.92
Serine 5.03 4.79
Glutamic Acid 15.08 14.93
Proline 343 4.51
Glycine 5.48 5.07
Alanine 8.23 7.61
Cystine 0.27 0.56
Valine 6.63 6.76
Methionine 1.37 3.10
Isoleucine 5.94 6.76
Leucine 9.83 0.85
Tyrosine 4.57 0.56
Phenylalanine 5.03 6.76
Lysine 5.26 7.04
Ammonia 0.27 1.41
Histidine 1.60 2.54
Tryptophan 0.07 0.00
Arginine 6.86 10.42

100.00 100.00

80 —#—exiracls from water ultrasonification al 60C
a5 b ——exiracts from water at 100C

—d—extracts from EtOH 80°C

% of control
o

0 0.2 0.4 0.6 0.8 1
Concentration (g/L)
Fig. 1. Cytotoxicity of S. maxima extracts on human embryonic

kidney (HEK293) cells. Results are expressed as mean+SD of data
obtained from three independent experiments.

Z78 Ah9st Aoz A4, wEbA S maxima= 1A
548 YEPIA %o, S maxima®] A o
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8= 59| hyaluronidase Ml &M &1}

S maxima®] ¥F WG L JAF g3 AJHE Flsly] 9
7} 3%59| hyaluronidase 4 A3l 35 =4 It} Hyalu-
ronidasex= %A} hyaluronic acid®] 3l &401d], o] 4] A
e 95 24E 71U & Uk 4 B E] FrEE A
=3 F1g 20 YeRf =, 7—} FIEY 7 sEE FHlEIA
7} Ewd u:]- A &S T 60°C 2Su Wy B =&

7}z

—gaJr 100°C & FEE59] 4% 10mgmL 5 @ 217} 624,
60.2%°] #lsl -‘% e vERilen, 80°C dekE FEE9] 4§
diHe® vk 57.2%9] Al &3& et 23843 60°C

70

v —#—extracts from water ultrasonification at 60°C
—f—exiracts from water at 100T
—k—exfracts from EtOH BOT

0 s s . L . N N N
0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8

Inhibition activity (%)
=3

0.9 1
Concentration (mg/mL)

Fig. 2. Hyaluronidase inhibition activity of S. maxima under
different extraction conditions. Results are expressed as mean=SD
of data obtained from three independent experiments.

o] 74 =& hyaluronidase2] AFE X
LSRR 2HE A + JoH, BRE —zr%%ol 40% ©]
e A3 28E ‘/}Fjr‘fﬁoi S. maxima®] TF- W 9 FHF
s 7N

S. platensis2] hyaluronjdase & A3l a3l EHEH &
T7F flerR, ERAE o83 AT ARoMe FHT B9
o] 7F} w2 AXE E3l dHEE HolH, 25T} tﬂz’@ FEE
vl HL 20% o] w3} =S YERATH19). o5
o=z o Z&IE W3 F2EEHT BIGr 529
7te} o]&2 gk MEo] AT A AA L A&3HA o] Fo)A
stwrt 7K Aog AbgErt o|e} ¥lwst, S maxima FE
B 2 WY 248 veille §8& RS TR Ao F
Freoz &8 53 |y 849 Fxlo] 7ksdhe <l
ok opebr FT oy 24E S 7Y & 2E 9 R 4H
< T3 Y dR8EAMY TS ST S

e Wa & 3%
F9%

N R o
OIN- 2

o2

v om HE

oM M FX &7 ¥ cytokine 2| F7
? o A Fa3 qL sk WY AE THE,
BHI¥O] W 27 &TE Flel7] fajel Wl BHES} TH
‘:

Zo| AS 1 a9E YKL} AgEo] W cytokine2]| ]
F =245 53 A8l ti(Table 4, Fig. 3-4). T AE] A%
o] A5 Bn¥ EH&%Jr Aol 5 54 1959H 64714 741

ZA%E Jepien, Hd ASEE e
644 100°C &= if‘g 80°C A&g FEE2 7H7 113%,
110%4 AETE YERoH, 60°C 251 ¥ & FE59]
$- 12.8x10* cellsymLZ 7P =& ASE=E e F 71 ol
z;o] 10 3><104 ceus/mLsa} v el AL fo)HoT 2714
o5 3 2K Table 4). B A2 AEE90] HSE T
HLLA *gtusﬂr AR 435 B o ASES e}
A 645 60°C 223 W B F2E9| 79 11.3x10* cells/mL
A7 HZA2] 9.0x10° cellssmLETF B M X9 A =&
F7HR Ao E YEhdT mEbA S maxima®] B AESE T Al
X ASE TTMIIE AEFE I F UM ol F3 6
AR wjgelA A Fxlo] FolA= ALRE Hol /Al |
T4 ZHE JERE Ao] ZlgEY W AEsde THRE
TEEIA QI7ke] W X EHHM gxpHoz 2835t
< & F Utk
e M M EEo] EH]3= cytokine(IL-6, TNF-o)2] #-H] &
< JepidiEd, T A2 AsdA Z4s Agelr 7+ =
AR H7FE 53 AlX T cytokine®] #¥]E AHEH, Ho A

HJB
—1> mr

32
e o



Spirulina maxima A9 &7d S7 317
Table 4. The growth of human immune T, B cell in adding 0.5 mg/mL of S. maxima extracted from various extraction conditions
Cultivation time (day)
Extraction condition of sample ! 2 3 4 > 6
Extracts from water 334002 43:0.04° 624005 83+0.06° 10.8+0.07 12.8+0.08"
Viable cell ultrasonification at 60°C
T cell density Extracts from water at 100°C ~ 3.1+0.08 4.0£0.07°  5.5£0.11*  7.3£0.13°  9.540.16° 11.3+0.18°
(x10* cells/mL) Extracts from EtOH 80°C 2.8+0.06 3.5+0.09*  5.8+0.07*  7.3+0.08*  9.1+0.10° 11£0.09°
Control 2.8+0.10 3.5+0.13 4.8+0.09*  63+0.07°  8.5+0.11° 10.3+0.16
Extracts from water 304006 43+0.03  63+008  84+0.10° 9.8+0.11° 11.3+0.09°
Viable cell  Ultrasonification at 60°C
B cell density Extracts from water at 100°C ~ 2.8+0.09 3.8£0.10°  6.2+0.11*  7.840.13*  9.3+0.10° 10.8+0.7°
(x10* cells/mL) Extracts from EtOH 80°C 2.8+0.07 3.3+0.09"  4.8+0.07° 6.3+0.06°  8.4+0.08° 9.3+0.09*
Control 2.5+0.07 3.1£0.08"  4.5+0.12°  5.8+0.08°  7.5+0.09° 9.2+0.08
Values are expressed as mean+SM of data obtained from three independent experiments.
(? 6 Oextracts from water ultrasonification at 60T {A] ‘-ID 6 Dextracts from water ultrasonification at 60°C (A)
. 5 Eextracts from water at 100T = 5 Bextracts from water at 100T
— - Mextracts from E1OH 80C e Bextracts from Et1OH 80T
2 (%3 . MW control 2 E;: 4 Mcontrol
S5 29
o0, 283
3 o 8 o
w » —
o X2 o X2
= FE
g g
w w 0
0
1 2 3 4 5 6 ] 2 8 4 5 6
o 3] — - o] 6 Dextracts from water ultrasonification at 60C (BJ
| Oextracts from water ulfrasonification at 60T {B) Ll_ Bextracls from water at 100C
'-E 5 Wextracts from water at 100T z 5 I mextracts from EtOH 80T
= - B extracts from E1OH 80C = = Wcontrol
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Fig. 3. Secretion of IL-6 and TNF-o from human immune T cells
in adding 0.5 mg/mL of the extracts. Results are expressed as
mean=SD of data obtained from three independent experiments. (A)
IL-6 (B) TNF-a
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Fig. 4. Secretion of IL-6 and TNF-o. from human immune B cells
in adding 0.5 mg/mL of the extracts. Results are expressed as
mean=+SD of data obtained from three independent experiments. (A)
1L-6 (B) TNF-a
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Fig. 5 Effects of S. maxima extracts on the enhancement of NK
cell growth by adding the supernant of human B cells. Results are

expressed as mean+SD of data obtained from three independent
experiments
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