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ABSTRACT : To enhance our understanding of immunological stimulating effects through the pathway by
which nitric oxide (NO) activity and alkaline phosphatase (ALP) enzyme activity from the marine algae, Ulva
lactuca, we have investigated NO activity by using mouse RAW264.7 cell line. And ALP enzyme activity per-
formed by spleen of ICR mouse. The results showed that NO activity of the H,O fraction is the most effective

than activities of other solvent fractions.
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A ZE2] T0%E 2ARE sl w g AE
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AEAE T2 salt T2 £ 522 <8 SoF A
Eolg} o] Agaled Aol Q0w S BT o
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THuEhe Y™ Mo st 2 w7 s 3
> dA ATt FF AHEEH] Y (Beuchat and
Golden, 1989).

BER F 29 L T A 802 o] 8= vkt
A1Fe 7k Base] gio Aoee] 8 B4 F 3
v S AEF gl 3Rb1E s 84 A Y9
5 v sk 9low o] A HidRe st 2
vlEo] o8] o] A& e] EuHo] Ut} (Percival
and Wold, 1963). 9] A= E3FN (Ulva rigidaypiA
oehil] & FZ35)o] 39t A3 (Noda e al, 1989) W =Y
ZAJo] Ba1gl v} Qlt} (Ray and Lahye, 1995).

Y (immune)el & AE-o| o] A Y FAHZHE]
welahe Z& AAs, ARzA 2 s FY=EE
EE 9% 2R 23 98 AANRS £3ske] A
3o} (Hancock and Diamond, 2000). 3t w2 =17,
gloid mwjRe A3 Qe AHHY (innate immunity)2}
FHALR A Fo HEEH doiXE F5HY
(acquired immunity)2 -5 o} (AAHHYG-L- ApdH o o)
2lale stm, o) 3l v]5e] o2 uhgsl B3 7
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ozhge. o} A HAAAZE e S A
= I, Az, f4h @"“‘)ﬂ .-4]]3}._ HA (com-
plement) 0] Ut} A E2 = Al 2148 Hgshs dAA)
S (macrophage)?} ThEld W& (polymorphlc clear leu-
kocyte), ZAFAEES FU 4= ol AE S| AU (Lehrer
et al, 1993). 522 FHAGo|gli® 3, X5 HY
g 3ol A3 7198 5 A, oA AT | S8
2 kssle] AR oR UL AAT 4 e EHe] A
o] AMHAL st dT vt FEHA AN o
o (humoral immunity)?} MEA A (cell-mediated immu-
nity) 0.2 o] B 5 gle) oefgt "edr)se] AskE:
7% lokst Ao fE 4 givt Ul EAQ 1Y Ao
Bx Folela 49, ofEuy w44, ffjd‘i WAy
ZE5F (AIDS), W8T 4% 2 R T =
AEA 94, 2AF Ho9A 'Q'@HH]@ 5ol 9\1‘4 o]of E“?ﬂ
7158 AR 5 e BA we 3RES skt
S1e w2 Eo] o] Fo)A)T It} (Diamond er al, 1991)

mel B QFeMe FuloA MAsks 2t (Ulva
lactuca)®) A3 FIEL 7IA L HY 57 585 28t
Art 2 v e 2= nitric oxide (NO) &4} Alkaline
phosphotase (ALP) E3}-5- A5

R

Algxﬂa al Al_u_ x==

B ATl ARRE Zsll (Ulva lactucay= 200551 12%
of] FAk 29 wlabs ol 35k APl AN
slodct. 54 ¥ 2ue) (Ubva lactucayd A& : EtOH
2 1:20 (vW)E A7lske] FA3 AFI 4°CelM AT
F23)o] cheesecloth® ¥ Aot bl Fd 805
Yol FEsl= HA S A A ubEsld Age] FEea &
el FHzkE FEEAS dAEE (8,000x g 4°C,
30 min) 3} AFEAE 5319 el AFElel ethyl-
ether/H,O (1:1) (vv) $71E A& ethyl-ether/H,O (1: 1)
2 1:10 (W)= 78l &350 2 ol F BT s
o]-4ste] H,Olorganic layer F]s}giet. o] & Age] A}
23 organic layers ethyl-ether® W3}t 2 §F H,0
=2 ethylacetate/H,O (1:1) (viv) 05 Hrlsle] AAE
2 (8,000xg, 4°C, 30 min) I} 5F FHE AA
ethyl-acetate 22 W35t L o] 52| ZRAlell butanol/
HO (1: DE 1:10 (v 7Bl &3 o, 2elF
Z AAgsld H,Obutanole o2 H2fasict. of F o] &
oS butanol fractione] = HH3 LM, F2lE HOE
water fractione|e} ®m3)e) 2 A3 AM-3lgdw} (Fig 1).
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Fig. 1. Procedure of fractionated with different solvents from
the marine algae, Ulva lactuca.

Alot =1} XHE

Nitric Oxide (NO) A% kit®%F Griess Reagent
System (Promega G2930)2 AME-8}%12m, 1 o]9jel| ALP
enzyme S40llE p-nitrophenylphosphat (PNPP) 2 opsitive
control® AHE-3F LPSE-E Sigmarl (St Louis, MO, USA)
238 7slgia, 2 o) B Aok E5E AMEs}
At

Nitric oxide (NO) &8

FA s A Erle] BulEe Zle= d#Al NO
(nitric oxide)?] Aol mH= IS deolR7] 3
mouse BFA - 7]H 9] Raw 264.7 cell line o]-&3}ed
NO AA=ke] W3ls A3t (Fallarero er al, 2006).
o ube Raw 2647 cell line2 10% FBSSH 1% s
Alg) AE Eujollo] 75 RPMI 1640 wiA|E o]-8-3}e
37°C, 5%, CO, wijF71olA] wiekslodet. M2 Wik plate
ol HjoFst RAW264.7 N EZ 1% EFA02 He|sle] d
ojll & A RPMI 164022 A18e] (300x g, 4°C,
5 min), 33 WHEE] AARBIG o) F AEE 2x10°
cells/mLE 24 well plateel] ¥53)a, o370l F5E AR
2 718 F 37°C, 5% CO, ¥i7lollA] 4827k wiekslsict.
o & AR (300x g 4°C, 30 minpl A5 100 ul
Z #s}e] ELISA titer plateol] $71 ¥, 100 ul Griess
Reagent ¥ 10 3} AlLolA B3 ohg, 540 nmell M
EF} =2 2431990}, Positive controlE3= lipopolysaccharide
(LPSYE ARS8t

Alkaline phosphotase (ALP) =X
Mouse (ICR, 3 % 5-657)% 7247 27l 23 AA}
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AZ F FaA o e AE3ted cell strainer (mesh
size 100) YoM EHsbdet (Lee er al, 1990; Cho er
al, 1984). A3 A FEE= 1mLY media (RI0)S ¥
cell suspensions WHESITE L o] F, dAlE=E] (300 x g,
4°C, 5 mingld F5dS HY F, RBC lysis buffer &
o (2:1, viv) HIER Arkste] B AEE] (300x g,
4°C, 20 min) 3. 1 vy AFNS 2AFA Fg
%, media 10mLE A7} & F, JAEE] (300xg, 4°C,
20 min)Z 33 A8 o 24 wellel]l AE (1x 10°) Al

g 7B, A8 wREE Jisle] HF Fu 2mlE
Al o] F 37°C, 5% CO, M7l 48A|7F ik
stol wlok 29A YAlEE S Felsle HE AHE p-
nitrophenophosphates ¥3}3}3= 50 mM carbonate buffer
(pH 9.0) 1 mLE F7F8ked 37°Coll M 1A 759t HRAIR T
carbonate buffer (pH 9.0)Y AL w123 2t} 0.01 M
NaHCOs;; 50mL, 0.1 M NaOH; 3mlL, HO; 47mL. =L
o]F, 0.3N NaOH &9 500 utZ 71sled vh$-& F44)7]
I, 405 nmellM FEEE S =g o183 B
Ydu}7-9] Alkaline phosphotase B3 AJARA el ule} AkS:
shoict.

(AR

(p —nitrophenol umol/10° 1 mphocytes/60 min)
p p y
1.15 x ODygs 1

ALP activity =

un o 0%

CHAIMIZ2S| EHedst
Azl AN Ere] Hulshs AR Al nitric
oxide (NO)®| Aol WA= g3 2A3]7] #3ke
mouse 8T 7149 Raw 264.7 M EFZ o] &3l Zu}
W (U lactucay®] 8 282 NO A=k WaE
s B3], &F YeolEF|EY standard curve (HF
A0 ZHE N0 tfAEEQ] ofalAbe] 528 AAlelsd
o} EFAE2E 2T LPSE o]&slglon, AL
Fig. 20 ViERSde. Zekdell F3e Zaefe] 40l &+
Z£E9] A= Fig 30 vehien, 74 3552 10y
mLZ assay T8 ZAsR] ZAEICL Fig 394 ve}
Yo MeOH FZEdM= 2.1 uM, EtOH &M=
2.05 uM, Hexane FZEo|AE 10,18 uM, ethyl-ether F3
Eo A 532pM, ethyl-acetate FEEol| A& 5.76 uM,
BuOH F&EAE 408 uM 23T H,0 FEEdM=
26.87 uMe] A4S Jepligich. f7]80E FEEAE
Hexane?t H,0 F&%°] /M 2 4% vehide. o
A3 A 2T FEE A=) B g4} AEE A
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Fig. 2. The standard curve of nitric oxide activity measure-
ment by lipopolysaccharide.
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Fig. 3. Nitric oxide activity in the fractionated different sol-
vents from marine algae, Ulva lactuca.

A RS Ve ALz mgzhgel| glelA Ale|EI]]
(cytokinin)@} ©]-E-o] MY 7|4 (mediator)EA F83F o
&S sl shleleEl, 3, WAF S Holx
NO7L dieg Ak Zdsfe] 2E2] Ay 7150l 5
& Yehiie Al HANEE |33 SAsAE b
Bl ARE B 5 9lE Aol

HIZAMZ2| s}

2F 4o FEE0| uH 2] FAAHEE Alkaline
phosphotase (ALP)®] BA& ZAlsle], o1 ASE vehig]
o}, ALPS] FAEAHS p-nitrophenyl-phosphate (PNPP)
£ o]43} enzyme rate assay (IFCCHPHE o]-&3lgdew
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Fig. 4. The standard curve of alkaline phosphotase activity
measurement by lipopolysaccharide.
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Fig. 5. Alkaline phosphotase activity in the fractionated dif-
ferent solvents from marine algae, Ul lactuca.

R3S gt 2k,
ALP (Alkaline phosphotase)
p-nitrophenylphosphate + H,O — phosphate + p-nitrophenol

XFAIBEE LPSE ol 831812, AL Fig. 4o o}
el Fapidel Esled Zaele] $oid 589 43
+ Fig. 5ol viehilen, 7 3382 (0ugmL® assay
TEE Al ZABlgIE Fig. sefl Hehiision ALpe]
4L Asidd WA, MeOH F2E)H: 1.65, BOH
FEENME 140, Hexane FE5EoAE 1.21, ethyl-ether

- 35 - skl - olAia}

FEEME 1.36, cthyl-acetate 22-Eol41= 240, BUOH
FEEME 10450 28T 1,0 FEENE 1309
ALP 248 veliie), 8- 2o (U lacuca)?)
e F7b gajod ALP AL FAME A3 mose
spleen (17AH) Al X2 7;’4; % oisien - oy &
A FWhe B2 I 28] F o] A g o
T7F H 83t 7oz AtEelAe.
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