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Hyaluronidase Inhibitory Effect in Diatom Extracts isolated
from Deep Sea Water
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Abstract

Hyaluronidase inhibitory effect was found in the water extract of a diatom species,
Navicula directa (W. Smith) Ralfs (N. directa) isolated from deep sea water (DSW) of Toyama
Bay. Hyaluronidase inhibitory effect (ICso: 28 ug/m¥) of ethanol insoluble fraction from the
water extract was 4 times stronger than that (ICse: 110 ug/mé#) of a current anti-allergic agent,
disodium cromoglycate (DSCG). Ethanol insoluble fraction was very thermostable and
showed a wide range of pH stability. On the basis of these data, ethanol insoluble fraction
seemed to be useful for the treatment of allergic diseases, such as atopic dermatitis and
pollinosis.
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E F
BB DERBIKY & Bl U -3 Navicula directa (W. Smith) Ralfs (LIF N. directa & 8%3)

DKM 1< hyaluronidase FREEHSEH SN B L 2SI L. KBk ¥ 7 — v
AEMEEST 28 1) B hyaluronidase @ 50 %FAEERE (LIT ICso LB8F) 13 28 ug/mé%E/RL, ™
RO 7TLAF—K&E LTHEMENREBEATVWE 2707 ) 7B+ ) v s (LT DSCG & B8
T, ICs: 110 ug/ml) X0 4ESFHV I EMHES I -7, T, =5/ —VABHESICE
¥ 115 hyaluronidase BHERRD IFRARILVWEFHO pH ICXF L TKETH e, TDXH BT En
5, N.directa DT % 7 — VAGBHESIZT M E—HEBERCIEMERLEDOT L F —MHEBDH
LWiaEEon[gEl2REB L TVW3 Lo icBbhn s,

*—7—F : #R@/K, Navicula directa (W. Smith) Ralfs, hyaluronidase [ARZE/EM, 7 + E—H#
&%, TE¥ME

HBEEY O EERIEWYE S EET 2 alietE» b 3.
EZHB IBLcBERBKPOE L2 DMBEKRSH 7 o
BELETRERT7E (1995%F) BHAT2HHD 77 -C0RELTEUARICBVT, PHO0IIRE
FREKFIFR AT L, ABHIEHTASR 4 — 2HRERTE (AR, 1997) ©, HEEHRR
bL7z, BILBOERBKIZ TBABESGK] LM cBLWTREEA M T 2 2 L 2R L (AR
h, KEFERIOFERBKE IS RE2/FHAEBF T2 1998), BFEERBKBESRFAEROHEREMRIC

1. BLBIC

'"EIWEEEFER (T939-0363 EILESH/KENNMEETHRARRIL 17-1)
2Z KRR  (T936-8536 = (LIEHEIIFER 364)
SEHBAABRER LY ¥ — (F930-0856 = (LEE I LTHLEEHHET 5-5)
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BOTHEKECHANRTH S & E2HE L (A
&/ 1997, 1998).

U, 7 b E—HERERPTEEL E DT LV F —
HREVSZEL, B HEMEIC b >TVE T

Eho, RRYIDSDHIT LV F —HYEOREDS
ERICITbATWS (RiHS, 1987 ; R4 5
1990 ; M 5, 1990 ; Maedaet al, 1991 ; HiH
5, 1991 ; 4uA 5, 1999).

4, MmEER I SR X 2FAME (BE,
BIE, Anitd) ot - £AEICBET 2HEO—R
L LT, BILBOERK»SHEEL, ELEOERB
IKDBAERERE L CRIPHEEST 2 2 LITikIIL1:
N. directa \2 D WTILT LV F —EHOHEEREL S
T W5 hyaluronidase FEEEHZRIE L /- & T 5,
Bk 2R E B DO THRES 5.

2. RBAGE

(1) BEEKROBERIZE
HEKIELRRBRISEANTRS L 1 E KD 5
BB, BAMEETICB VT N. directa TdH 3 L[EE
SNtz TOHEKE 2(D=A75Z23NT18/¢
BERBKOAEXRERE L THET T 20 C,
12 B:RMREE (200~800 )V v 7 ) KU 12 KR

BORHBTHEELE L 1.
B, BEERBKIRRBEKICHEN, EEP) Vv
REDKBENEBEICETN TCVS BT, EFHEH

=<, BSUMMBEESEBELEVE VS FIENS
30T, ERZBBEERBKDATITV, KBEKE
AW EBRR T A - 1.

Dried diatom (N.directa)

(2) H&oRAS

=f7 52 3QKEICHE L THERE L 7255 30
HE®D N. directa Xy 71 v 7k b RS &
fetk, BUODBEIC X DEDTEHRETZIRL . BET
B LEESEOFARIc>W\WTIE Fig. 1 IR L.
bbb, BAERRYIIRERKICERE L, BEERL
@ux%ﬂ%ﬁ%&,%%%eoﬁﬁmm&ﬁw
FISELDBEIC X 0187 Lid % BFERR L Tk
wE Lz, :@mmmmasoyly/—»§mz,
B L1 a% s 2 — ValistEESy, & Uikl
x ) - VABHESE L, ThZhEEFERL
feboEERE Lk,

3 & X
1) Hyaluronidase FEZEEMRIEH OHE !

1.1) B3 : hyaluronidase (from bovine tes-
tis); Sigma t#, Type IV-S

1.2) #'E : hyaluronic acid potassium salt
(from rooster comb, Pl HA &HB&9) ;
FEMEETE (B ®, H£LFH

1.3) Buffer: 0.1 M E¢fi& buffer (pH 4.0 IZFFE)

1.4) Compound 48/80: Sigma 8

1.5) p-Dimethylaminobenzaldehyde (LAF
p-DAB LE&T) | FEMETE (K &,
HEALFEH

1.6) p-DAB i3 : p-DAB 10 g, 10N IRMAK
125 ms, Fefk875ml ZBRAL, fEH

ERNICEEEE T 10 fEIcH/IRL .

1.7) & v BRIEHK © & v 4.95 g 12K 50 m%

mA, IN/KEILF +Y v LEKRTpH

ultrasonication in 30 m£ of H,O for 30 min.

extraction at 90°C for 30 min.

Residue

Water extract (360 mg, 91 ug/m#)

addition of 30 m/ of 80% ethanol

|
Ethanol soluble fraction

(160 mg, 140ug/mf)
Fig. 1

Ethanol insoluble fraction
(160 mg, 28ug/mi)

Isolation procedure of hyaluronidase inhibitors from N. directa

Yield (mg) and 50 % inhibitory concentration (ICs: ug/mé) of each
fraction from 1.1 g of dried N. directa are indicated in parentheses.



B ERB K RERM O Hyaluronidase FRZ/EMHE 73

0.2ml of sample in buffer (0.1M acetate buffer, pH4.0)
ld— hyaluronidase (110 units)

Incubation at 37°C for 20 min.

’4— Compo

Incubation at 37°C for 20 min.

¢~ HA (0.4mg) in 0.5 m¢ of butfer

Incubation at 37°C for 40 min.

¢ 0.2 m of 0.4 N NaOH

Cooling on ice

'4— 0.2 m/ of borate soln.(pH 9.1)

Boiled in water bath for 3 min.

Cooling on ice

'1— 6 m£ of p-DAB reagent

Incubation at 37°C for 20 min.

Spectrophotometry
(585 nm O.D.)

Fig.2 Assay of hyaluronidase activity

9.1 ICHFHE LR, KEMA T 100 ml&
L.
2) MRERBLOIT LV F—H|:
2.1) aspirin : MIEAEZET 3 (Bk) B, R
e
2.2) glycyrrhizin : FIDEMETE (%) #,
HEALFH
2.3) sodium cromoglicate (LI'F DSCG & Bg
9) | BRIRELTIE (KK
1%, DSCG RIBE B LU pH OLEWRARICE
WTHENRBOBH v bo—vE LTHRVE,
3) LRy 3 VA
3.1) chlorpheniramine maleate : F0YCAEZET
* (PR #®, HAL¥FH
4) zofthoRE | AR RmER W,

(4) Hyaluronidase i& D RIE

H2HHKD hyaluronidase (Sigma, Type IV-
S) #HWT, compound48/80 T & 5 A~iEHTY
hyaluronidase O /& LB OB EEM: % AiH 5
oHik (RIHS, 1987) IC# LU T Fig. 2 I<RdF
Nk REL ., THbE, BEOEREE%
0.1M Fef buffer (pH 4.0) 0.2 m{ I<iAED L TalER

BTFic& b, [6 buffer 0.1 mf IZ7EH L - hyaluro-
nidase (110 units) %##0Z, 37 °CT 20 fd41 v
F a2 ~N— b+ L%, [E buffer0.2mé iTi@EH» L7
compound 48/80 (0.1 mg) *MZ, B 37°CT
20 M4 v F 2= bF B, KKIZ, [E buffer
05 ml Ic#EH L7z HA (0.4mg) %#MMAT37°CT
4057 fA4 v & 2 ~— b L7%, 0.4N NaOH 0.2 m/
EMATKSL, vBAERKR (pHID 02ml %
MA T 3 HRE#HST 3. Kbtk p-DAB I 6 ms
AT, 37°CT20 5 v+ 2~x—F L7,
585 nm 12 81} 2BHEE (O.D.585) %MIE L 7z,

5) MREFIRURZLIFEF-FLGEICELS
hyaluronidase FEE{ER

#AkHd EEC 0.1 M #E#E buffer 1AM L CalRA

mE L, xR 3EREROA D Y I[E buffer %
i, ¥, zhZho 735 v 7 & LT, BRA
Db v Ic[E buffer 2\ 12,

FBEFEH® BRORXTRD SN EEERTE L.
FER(%)=[{(A-B)—(C-D)}/(A—B)Ix
100

A XPBBAER O 585 nm < B 5 BEE (OD.

585)
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B: WRBEKD 75 v 2 d 0.D. 585
C: #HBEkD 0D. 585
D: REAEKD 7S5 v 2D 0O.D.585

(6) REREM

N. directa ® = ¥ 7 — VAEMES K& U DSCG %
fef buffer #FHWTZNZ N 0.1 mg/ml DEEIC
AR L. zoFKEFEE 30, 50, 70, 90 BL U
100 CORIREIC 10 ffdfR#Fs LAcRic2B L, Al
WO HETEHBEICE T 2REEWEZRE L .

(7 pHEREM

buffer & L T, KCI-HCI buffer (pH 2.0), KH
CsH.0,-NaOH buffer (pH 4.0), KH.PO,-NaOH
buffer (pH 6.0), H;BOs-KCl-NaOH buffer (pH
8.0), NaHCO;-NaOH buffer (pH 10.0) XU Na,
HPO.-NaOH buffer (pH 12.0) 2#fH\, ZhZh
0.1 mg/mf OERICTHBIL 72 N. directa DL ¥ / —
WA E S B & O DSCG % 37 °C, 10 A fEREE
LicRIC2B L, RIROAHETE pHITH T 25F
TEHERIE L 72,

3. & R

(1) N.directa 5 > ® hyaluronidase FEE % H 0

SR

Fig. 1 WRTFMHRE-> T, BWERBLA1Lg
D N.directa 2FERKICERE L, BHEE TV F A
¥ — (BAREHEERE US-300T) %A\ T
85T 90 YLl LoMfassgEan b £ T L 72,
7K ¥t © hyaluronidase ® ICs %% 91 ug/mf &
BOWBAEERHARLADT, 80% L5/ —EM
ZABTEICEST, SOICHELILETS, 25/ —
)V a] 75 ¥ B 43 @ hyaluronidase @ ICs i3 140
ug/mLThot. —hH, 5/ —VABEHESD
hyaluronidase @ ICs, i3 28 ug/mé &\ 5 FEFH ITHE
WRHEERH %R L 72,

2) MREFNBRUIRZULIE—FGEEICLS
hyaluronidase FEZE{ER
BT LA OFERIB X N. directa D ¥ ) —

Table 1. Inhibition of hyaluronidase by various
agents and ethanol insolubule fraction from N.
directa

Drug ICso*(ug/mi)
aspirin 1,260
glycyrrhizin 140
sodium cromoglicate (DSCG) 110
chlorpheniramine maleate 4,010
ethanol insolubule fraction from N. directa 28

*50% inhibitory concentration

WAREMEE4) 133X T hyaluronidase FRZE{ER %
BLTW/, #E%(3 Table 1 I hyaluronidase @
50 BFEERE (ICs) TRLT.

FER T oA FHEOBRUIIRIER TH % aspirin ©
TULIVF—HAERGTSICEAI N e Ry I VA
@ chlorpheniramine maleate @ hyaluronidase
FEMEH &L T, IREFHO @RI T L v
¥F—VEH bHE T % glycyrrhizin R 7 L v ¥ —Hl
D DSCG B L U N. directa D T 5 / — VATEYE
4y @ hyaluronidase FAZE/EA 3F L < @ < FFREH
Thote.

T, INSDHB N directa Dz 5/ — VA
Y18 4> D hyaluronidase FRZE/ERH IR E B
HhEHE SN T3 DSCG @ hyaluronidase PR
TER L D b 41505800 EDEH SN,

(3) BREREM

Fig. 3 IC/Rd & DI N. directa DT ¥ ) — VARE
184> D hyaluronidase PHZEMERH 12 90 CE Tld 2
CEET, 100 %DiEHERL, 100CTH 95%
DIEHWEHFE LI Eh 5, BT L THEEICEE
THbHIEMBEDONTI,

—7, DSCG @ hyaluronidase FRZE{EF 12 50 °C
PIETIE 90 %ITIET Lchs, Bucxtl Tldthm
BETHDHEEZOLND.

(4) pHREM
Fig. 4 IZ;rd & 91T N. directa DT ¥ 7 — VA
#HE 533X pH8 % 10 T 95 %, pH12 TH 80 %D
hyaluronidase BEZEfEH %2R L7 &5, EW
PO pH I LTRETH 5 T EMRD ST,
—7%, DSCG @ hyaluronidase FEZE/EF iZ pH 6
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Fig.3 Thermostability of ethanol insolubule fraction
from N. directa and DSCG

TABMICEEL, 8LUIETIR20%ICIETLE. &
® T & H» 5 DSCG D hyaluronidase PHZEEH 1
pH T g 2 EZHLEFH VT EMRBE k.

4 £ ¥

N. directa » 5 ® hyaluronidase FHZEYE D 4 i
KBV, £EO—RIISHE ST H 2 Bukihit
2TV, SEVTB80%T Y/ —VEMAB I EITE S
TRt OERSBELE LT ¥/ —VRNE
P I R I [EI S i,

MARIEHRB L P 7 L v F —F|IZ 1 hyaluro-
nidase HEEHAZ o> b OS> TV 5,
Glycyrrhizin FRELER DO E LI T LV E —
fERbET B, £/, DSCGRERIMT L IVF—F|T
b, PURTUARRIICEE > THE 2 2 IRisHIIa, & 0
E R 5 3 g EACFEYE O EE & &4 2 fEF
BESHMONTWE (BAEEERE v 5 —,
1998), Glycyrrhizin &2 U DSCG IZFFEHIC#E W
hyaluronidase BHEERA B ED S h fo T & i,
hyaluronidase & RIER VP 7 L V¥ -RIiLE DB
HEHERE L TR, SROMAFREL L CEHLD
LHRTH 5.

N. directat»S>Dx % 7 — VAEYES D hyaluro-
nidase FREEH X, MR WBEHESEHE T
W3 DSCG & v 4f5b58\WC LidFEBICET 5.

5T, BT amuEESP, LEVEHBD

120
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-o-N.directa
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-+ DSCG

Fig.4 pH stability of ethanol insolubule fraction
from M. directa and DSCG

pHicx T 2LEEHRHGBDONILI LN DS, N
directa » 5D T ¥ ) — VAGBEHED I T b E—H
RERPILMIES ED T L V¥ —HEEBEOH L WG
BB TE 2 AlRetEA S 5.

#, hyaluronidase [HE#MHE Ic >\ Tid, A
TEETOEAEEHEBELEEDON LY, 5%, 0
FHEWHE OEE & EEREW DM IC > W TRET 21T
STETH 5.

¥ 7o, A TIREEHOEMAIZT hyaluronidase
DRFRINCFEBL TWA BB MEFE OB
212 hyaluronidase 25 < B85- L T\ % AJgE#EL
mMESNTWDE (FHED, 1999) TEhs, N
directa D * 5 ) — VABHESD 2 & 1 T OFEFHR
ORI ZER B UEF CIMEFER O L 5 SE
s LTOFHOIIFTE 3.

AFRIcHtzn, BERLETHELVWALLEEELE
BIIEEEHAFRE WA KB LL S oicED
AAMBFERICEH VLTS, Uk, APHER
[BILESEEINICH Y T N XIEKEFFFITE T
LEBKFHSEE] 0O—BRELTIToHbDTY.
IIRHEERLET.
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