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Abstract : The water fern Azolla belongs to the Azollaceae and forms a symbiotic association with a No—fixing cya-
nobacterium, referred to as Anabaena azollae, and this association has currently been demonstrated to have potential
as a nitrogen source for rice production. Because of that, Azolla fern has been used not only as organic manure in
southern China and northern Vietnam for a long time but also as food for animate creatures in the underwater and
decontaminant in the water. However, the phenolic compounds and active materials of Azolla have not been exam-
ined in detail in the past studies. In the present study, anti-oxidant ability test and experiment to find a particular
active material of Azolla imbricata and Azolla imbricata fraction (AIF) were performed. In anti-oxidant test such
as DPPH test and lipoxygenase inhibition test, the value of test represented high activities compared with authentic
sample — green tea and NDGA (nordihydroguaiaretic acid). In MMP-1 test, related to collagen protection and elas-
ticity of skin, its inhibitory effect was measured over 75 %, and the phenolic compounds of AIF related with this
activity were confirmed luteclin derivatives by using FT-IR spectroscopy, element analyzer (EA) and Liquid chro-
matography-MASS spectroscopy.
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Figure 1. Typical shape of Azolla imbricata.

serum albumin), PBS (phosphate vuffered saline sol-
ution), linoleic acid, lipoxydase(preparation type V,
from soybean), NDGA (nordihydroguairetic acid)+
Sigma A} AE-E, HPLC ¥4l ©]-8%F methanol, ace-
tonitrile MerckAHel AlF-S, F& AHEE &= 9
AEsr AlEE AFSI e, SAFEES vl
AX T3 green tea extractE ©] 835 44
AHE-E 7171 microplate reader (Bio-tec, USA),
HPLC system (Waters, USA), evaporator (EYELA,
Japan), FT-IR spectrometer 5300 (JASCO, USA)E A}
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Table 1. Synopsis of Classification of Azolla spp.

FAMILY  Azollaceae

GENUS  Azolla

Subgenera Azolla Tetrasporocarpia
Sections  Szolla Rhizosperma
SPECIES A. caroliniana A. pinata A. nilotica

A. filiculoides
. mexicana

. microphylla
. rubra

. Imbricata

s S N N S

. japonica
Subspecies A, pinnata subsp. Africana
A. pinnata subsp. asiatica

A. pinnata subsp, pinnata

obdith 11 & ofek&2 7t FF AR (rotary evapo-
rator) £ ©183t] AAG thE & F2 52 A% H
of Asle] ALgalATH

FE2E T4 A2EE A 70 % olegel 59 5,
ultrasonicator®l*] 10 min &<t #3igth ©]% PTFE
(05 um pore size) FEIE ©]&3sld filtrationd H,
HPLCE #4383 en, 1 5 &40 714 woha A7}
S 245 8 (Azolla imbricata fraction (AIF))3+o
Aol o] g3kt

2.3. DPPH Radical 2= &3

ksl 2492 DPPH (1,1-diphenyl-2-picrylhydrazyl,
Aldrich, USA)E ©l&std A59 gz 2AsH
(radical scavenging effect)E =43t BloisH[12]&
28330t 0.1 mM DPPH methanol 9o FU 2]
EMNTER FEEE 7F6 vortex mixer® & £33
% A4 10 min < A7 01F gpectropho-
tometerE ©1-€3t 565 nmelA FFEE 3}
2.4. MMP- l(CoIIagenase) 24 BMX6] AE

AfrePIEZE 15 x 10° cells/mLS) FE2 35 mm
disholl ¥, €F 80 %<1 confluency®l E%Q‘ w{7kA] Y
FSTE UVEAL Aol wjduix & A AE T PBSE Al
st} iAW serumE AT T PBS AHlelA 6.3
J/em® UVA (UVA F15T8BLB, Sankyo Denki, Japan)
€ AT UVA AL 5wkl #) = FBSE 7138t
A 9 DMEM/F12 (3:1) ®ix|o] E/4Feyt 225
4 B35S Foste] 24 h T wigEAn

S8 29 9 sE a4 A A7 73

Aot Ee] UVAE ZAF F AEE Addt] 24 h
Sob vkt HIAE 96 well plated]l 73] 4 TollA
overnight3F9] coating3t$ith, PBS-T (phosphate buf-
fered saline + 0.05 % Tween 20) 2 33 A&} 3 %
BSA (bovine serum albumin)/PBSZ 37 C, 2 h &<t
blocking® % monoclonal anti-MMP-1 (mouse) < 1
100022 blocking solution (3% BSA)ell 3438ke] 150
LA 53k 37 C, 2 h ¥HEA A Anti-mouse IgG
alkaline phosphatase conjugate= 1 : 1000.2.% blocking
solution®ll 343k 150 LA w53k 37 C, 90 min
E9k B3 A17] ¥ PBS-TE A3 ¥ th% diethanolamine
buffer®ll 1 mg/mL pNPP (p-nitrophenyl phosphate) &
253 71AEN 150 uLE wo] A=A 30 min ¢
BESAIZ T 3 N NaOH 50 uLg 37ete] whe2 &4
] £XA1Z1 F microplate readere AH&-3+] 405 nmoll

F352 29
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2.5. Lipoxygenase &4 &M s M
ol&y ¥ fihs AAAT= 959 &5 S
oi”‘1 lipoxygenase &4t AUdA = BvlE F
% AW SA8Hs E3E38} ABARQ] arachidonic acid &
linoleic acid$t WH-3 leukotriens T 843 38HA
tl o] Ezlo] ofEy 7Y x| Z45hE A
, A5 Ue] |50 S7FsHAl Bt lipoxygenase A
Hkg 9k gl 02 M Tris-HCl (pH 8.6) 3 mLel
ﬁ:(hpoxygenase 10,000 unit/mL) 60 uLE 37}t
5 min & B 71‘3} o]%, 714-& 3 mMO]
oflgh&e] &3iAIZ F 100 pl2 I o,
5‘35‘ & k1 100 uLE #7Fste] 5 min &< ¥
% spectrophotometer® ©1-8-3k4 234 nmellA
= 389y yxZoR daEs 7|dEd F
A7Ve 9 vortex mixer® & E33L FHE S
Al om AE A FIFE FE St a1 %
A A Al BRI Lipoxygenase A8 25 B3 2
nordihydroguaiaretic acid (NDGA)E 50 pg/mL, 100
pg/mLY T Z AHEERITh
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AIFY ZH87] X8 AsiA FT-IR spectrometer
5300 (JASCO)E ©]-€3F31 2™, spectrum data® 500
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Figure 2. HPLC spectrum of Azolla imbricata: (A)
Azolla imbricata extract injection (gradient condition),
(B) Gradient condition of fraction ¢ part, (C) Isocratic
condition of fraction ¢ part (MeOH : Water 6 : 4).
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3.4. Lipoxygenase &4

Figure 5914 B& npel o] E77ay $&2 004
© %% Al £4<0 NDGA 100 ug/mLE A& sH &
Be ZA 2 AFE] 908 %NS Felskint oo
8l E717elnt 259 AIF 229 2390 2554
A NDGAS 5 =& H28S o, a4 &4 A3)
o] 247 82 %2 61 %9 lipoxygenase A3 7S 7}
2 Aoz VERRL o= el 52| lipoxy-
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Figure 4. MMP-1(collagenase) inhibition effect of Azolla
Imbricata.
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Figure 5. Lipoxygenase inhibition effect of Azolla im-
bricata.
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AdMNe] d-er FH BEES FT-IR spectroscopy =
£743% A7 wavelength 3,400 ~ 3,200 cm™ THollA]
broad ¥ FAE Kol R CZ HolA hydroxyl groups
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Figure 6. FT-IR spectroscopy of AIF,
Table 2. Element Analysis Data of AIF
Element
Nitrogen Carbon Hydrogen
blank Blank 0.000 0.000 0.000
std STD 10.360 71.090 6.710
std STD 10.360 71.090 6.710
std STD 10.360 71.090 6.710
sample ATF 0.000 56.253 4490
sample AIF 0.000 56.257 4494

olFage] EAGTE AL & & Utk =F 1,700 ~
1,500 cm™ ol e ga9) &4z 7 A% e 9] o]
ZFZA%o] &A= RS 18+ tH(Figure 6).

3% EATEIYe 94 B AFA standard
AL acetanilide (CsHoNO) S AH§-319] 33) S 5t0] 3
e Wem, B4 A5 49 1 mgle g 33 2438
o] 1 HAFOE AAISIITE Table 2014 BE uhgl 7+
©| standard B2 dlo|E]e] BA}E 99} Ex}lo] ¢k
A3 At AE AT F 3loH o]2 EUE AIF
49 44 S %=Z JERIIYH(Table 2).
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RS 4472 m/z0 2 Y EH U Figure 7).
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Figure 7. LC-MASS spectrum of AIF: (A) Liquid chro-
matography spectrum of AIF, (B) Estimation of AIF
mass.
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Figure 8. The structure of AIF (A glycoside of luteolin
- R3 or Ry = Glucose).
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