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Anti-Bioluminescent Activity of Coniferous Bark
Extracts on MICROTOX™ Test

Sakae SHIBUTANT*, Masahiro SamejiMa*, Yoshimasa SABurr*
and Norihisa TATARAZAKO™®*

1. #

AMTEPL VT TETRZROHERMBFASh TV Z2, ZOBETE  OBRHEIE
SNz, ChoORFRBERE TR T vASCRIHESh S C LR {EEINTBY, LIFLIE
BEEhCRBISN3EA L5 5, HEMORBEIICIIEE vy 7 X, BiER svr=vind
OIS BEZRICEEEINTV S, Th MRS RE  OABIENERD, KIAROEMKDE
DIDREEISNTWAEEZONE DY, ThLHKTEPHIIKECKEZEICRET S ERA
MEWEESBEICKENA vy VEBZ BEEEE bIERI A TV B,

MICROTOX™ HRER IREHE L, oz offifEHs sasEtoRlRks LTULHVw OGN
W3349 = OHHEIR/NY 7Y 7 Photobacterium phosphoreum DHPIFEGICK - 3 HEE A
FIALAbDTH B, MEOEYFHELBETIMRRBICIVEK LLERBI 7Sy E/ X7
LA F F (FMNHy) 8 0; ic K 0 gfba h, z OBCETZAKRTH IESBMT VT E FEET
THBBL7 FEVE/ R LAF F (FMN) 2T 5, B8{L FMN 3 FMN & HO Ic/3 s
NBEH, TRIHEVEESAEL 3579, dEOME I FMNH, OBIKEL TWB7c®), fI5H
OEMHBELET 5 EFPRABOHELAL, Z0EE LTFMNH, oD %£5 &L, Ch
BRERD E L TRIEE N B,

LSRR, S, AWK TIEHAEESHZERS OB P > W T MICROTOX™ #ic &
BEYFRCHEABRZITY, ZTOREHMEFML, &S5 HBERRYBOREZTT - 7

II. % E&

1. BEEMORS

DIT iR EEENICEE HAES N 6 MoK 2 FERICM L/, XF (Cryptomeria japo-
nica D.Don), & / ¥ (Chamaecyparis obiusa Sieb. et Zucc.), b F =V (Abies sachalinensis Fr.
Schm.), 7# £ V' = (Picea glehnii Fr. Schm.), # 5=V (Larix leptolepis Sieb. et Zucc.), 7
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51 = (Pinus densiflora Sieb. et Zucc)y CNSDEDHS B R F, b/ &, TH= Y RERREFE
EEHMHETEHENL S, b=y, TAZ Y=Y, #35 <Y RREFRKFEEFLHBIEEE
Bhkp o, shZ @t edfc, MBLARRE, RESELK, 710 ) - Iviz > Thle
L, | mm 28l Lokt Bog 2 b AR & LTl

2. Hid

50 g ORI FFEE % 500 mL ® n-~+ 4 Y ZHWTZER T T 24 B, B b L, 85
N E ARIL, BoBMEBERRD a-~F 4 v EHVCHERBICHHB L, chd 2
moffick > THONHBKIZ—oicE &0, Bit2ELsd/0b, CEYOEEEHIE
Ui, BFBR = F VY& n-~+ v Y HIHBER O - AR B A FER = 7 v 2 A VRO FIFIC
BE->T2MpmHETTS C LIk DBi,

8. MICROTOX™ =&

lmg DRMEMAE ImLOY A F LR+ Y FICHRBEIEHABABERKE L, CORES
BHERLT, A—-H—-0Da—+¥—X<v=27/ (AZURU Environmental Co., USA) IZHEV
MICROTOX™ HER % {T - 1=, T T T, Photobacterium phosphoreum 1= X 2591365013, KERRE
518 15 SRR ORNEETRIEL, T v iro— i LTHRLEE 1/2 kb s € 2300BE %
ECs (EC: Effective Concentration) & LT, %R [Tlso]=100/[ECs] IZfRA L THEMEIER
(TI: Toxicity Index) Z3R¥ 72,

4. b RF2YVHED n-A+Y v HEMOSE

b2 Y BRERHRD n-~F 4 VRS R SBREDO I n< r 75 7 4 —THE L, BHHEED
JRIRE AR L 7o, BELAE OB IIX-1 1R LT, 9, 3.59g OMmE v Y A5 v h
Snym2 57 40— (30X300 mm, Wako-gel C-200, FDEMZE(BR)) 2 bbb LTI FioR
TREERRCLOSE L, JRBFEEOHEIIMEERSE LTE LD n-~F: 4, 201 (E5 1);
n-~F Y V/EEB T F L=9/1(v/v), 15L (F52); n-~F % /Bl = ¥ v=3/1 (v/v),
1.0L (@4 3); Bz ¥, 10L (B4 4); =4/ —, 10L (@5 5)o FEITICH LT
MICROTOX™ HEE %2 1TV, T I TROBOVFENHEFEULRD SN IcEST 2 (1.46 g) lixtl

-1 SHERR Of YR

Table 1. Amounts of extracts from coniferous barks tested

n-Hexane Ethyl acetate Total

extracts extracts
Picea glehnii 6.409%* 18.6%* 25.0%*
Abies schalinensis 7.98 462 12.6
Larix leptolepis 1.84 7.08 8.92
Cryptomeria japonica 1.62 7.00 8.52
Chamaecyparis obtusa 2.34 5.06 7.40
Pinus densiflora 3.94 1.94 488

* ERRBIR I s EB Y -k b

* Percentage by the weight of oven-dried bark meals
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n-Hexane extracts from A. sachalinensis

Silica-gel column
(n-Hexane - Ethyl acetate -Ethanol)

(n-Hexane) (n-Hexane/Ethyl | (n-Hexane/Ethyl | (Ethyl acetate) [ (Ethanol)
acatate=9/1) v acatate=3/1)
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Hexane/aceton=5/1)

Rf>0.7 Rf=0.5 Rf=0.3 Rf<0.2
v
[Fr2o1]| [Fro2] [Fr.23] |Fr24]
Silica-ge! TLC
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K-1 b+ F=YBEOn-~F+ v iBY o E
Fig. 1. Fractionation of n-hexane extracts from the bark of Abies sachalinensis.

T, FD A S A TEBIEEBE n-~F 4 v /B 7 v=12/1 (v/v) VT, BEREAEIT- o
CEBEEHDOA S AU ST 74 —TIRISMLBIZT S5 7Y a vELSTN-t, 8757V a
viext L€ TLC 7 — b (TLC aluminium sheets, Silica gel 60 Fss4, Merck Co. Darmstadt,
Germany) %M\ T, n-hexane/acetone=5/1 (v/v) TEHEITV, ZFOEMBOEICLD 7
L— bt bTRtaxyd, EURMBEEEBEKAOAR Yy bE5R 302 —D>DESFE LTE
L, RESNEGZ S RFERROEY TH %, B 2-1: RFE>07, HE4Y2-2: RfE=0.5,
5y 2-3: RfE=0.3, 4y 2-4: R <02, 85 07c&HE45 2-1~2-4 1T 2T MICROTOX™
REBREIT- 700 ZOMER, ROEHOMOIEMA/R L 72HI4) 2-3 (102mg) %, oV €Y/
T+ v=5/1(v/v) DRHEEHEEBVIELSEBY YA Vs o< 75 7 4 — (TLC plates,
Silica gel 60, Merck Co. Darmstadt, Germany) THREI L, H4y 2-3-a (Rf=0.7), 5 X U5 2-
3-b (Rf=0.6) 3187, TTTH, FhFhITH>WVT MICROTOX™ HRER 1T - 72,

5. FEYMEOBBSH

MICROTOX™ HER i B\ TH b /1S FOLHEEE 2 5 2 1o R ¥ERE 5 2-3-b ic> VT
5% i bkFE » ¥ 7 —vinik FIEREGFRD) 2BV TX FU{LEITV, GC-MS TS D57
WradT - 7co MFEMRETOEY TH 5, HHHkER GC-MS (M-4100, HIZ4ED, ++ V) 7 —
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# Z: He, Ha#: 1.0 mL/min, # 5 &4 Ultra-1(0.20 mm i.d. X 25 m, Hewlett Packard Co.),
5 APIHRIRE . 60°C, HEEE: 30°C/min (60-200°C)—>5°C/min (200-280°C), SH&IELE:
280°C, A A4 MK 6kV, &SI, TOESMNTOWT BC-NMR % HIE Ltz SIHHEREIL AC-
300 (Bruker 1%, REAE L CDCL &MV, FEEYEE LT TMS 307, 1B,
GC-MS D O#ER%Z & L IR E LTA VA YR GERUEER(BK)) 122 W T o C-NMR 537 %
FTORRT P VO 61T - 72,

6. n-AFHUHEYMPOF LA VBREOTE

n-~FH VYR O A LA YBROERBIEBE oMYA NO-E A-TMS-F ) 7 V407
b7 IF GEBUBERGR) ZHWT TMSALL 728, #2270 b 757 4 =L, Y e —
JHBEEBEMOZNEDHBIC L VIT > 1eo HIEMIZLATOMY, Dk #2270< b
77 4 —! GC-6A (BHESUERMR), # I 44 TC-1 (0.25mmid X30m, GL %4 = v 24t
8D, %7 s9IHEE: 150 °C, FRHE: 5.0°C/min, HBHEIEE: 280°C, ¥+ ) 7 —#H R Ny,
##: 1.0 mL/min,

1. £

1. SHESEEBEYMOEYRALAE

MICROTOX™ AR % Fi \ CTRARZIIL I O A MR PR E T 2 AR A2 10R 4,
THOMBICENTH, B F VI L D & n-~F 4 VYO K btk W AW RSEI G
ZRLTWS, SSRHALMENITR, b F=Y &7y S n-~% 4 Vil
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n-Hexane extracts

Chamaecyparis obtusa [ ] Ethyl acetate extracts

T T T T T

0 20 40 60 80 100

Tl

B2 STIERSE Yo =T L TS M

Fig. 2.  Anti-bioluminescent activity of extracts from coniferous barks.
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D Tls {EHS, ZNEFN 943, 862 EFHWEARLTWVWS, - T, T S5oMBEmObICiIIESR
RN ISR O ETE Y E S IFET A EBH LN LTS 5 f,

2. FERTYBRn-AFH U REMROEMREIIEEYME

R RBE a-~E Y v LT, SBEMO s o bS5 7 4 —R2ITOAYRNEED
JHRIE A RERL L 7o, $ 72, B o RESD Tl fEEX-3 12R L, Mz v A5 v s
SATRYLL 1 BRHONETIE, BEBE-~+v v /FRTF1=9/1 (v/v) THEHsN
{453 T & B 4 212 Tlso fHAS 45.5 £ & DITLE~NFROIEMESTEYD 51, & 51, HiSY 2 %2[H
DY) A NVA S L TREERMBREAZEZ TRET 5L, TLCHITRSE 0.3 IcERERD %
5%, %72 MICROTOX™ RER T Tl50=76.9 #5.% 34} 2-3 BB SN, & 51T, THhESHE
B TLC THBId 2 tick-T, HBUHTLC ETRAE0.6 OME% EERKSTET 5 Tlso=
286 A O ESY 2-3-b 1B, TOESITOVWT A FIEEIT-1cDB, Z OREEKSD % 7 R 7
02 b5 74— EBOTHILELETS, KARKRTEIRFRAEI o< 754 TR
HigR 13.95 Hic EERSHOE — 7 254, S5 MSOHRTR A FUEIOSRTFAA v E-S
A 206 M/Z2) Ic52 WA TH B b -T, TOESTDVT BC-NMR 2V TZ DL
MM AHANL L FORARYT P AEA LA VEBESRDO LD EBIFERIE—HT B EHBHS A
ot UEDOTEM DS, b FeviimibihicEEn s FERFOUHEWHEIZA L1 VR
THbEETFEI NI,

T T T
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Tlg,

-3 F N YRR a-~Fy vIEYONEIIC & B EMRLHEEE
Fig. 3. Anti-bioluminescent activity of each fraction of n-hexane extracts from the bark of A.
sachalinensis.
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Fig. 4. a) Gas chromatogram and b) mass spectrum of the major component (r.t. 13.95 min) in
Fr. 2-3-b from the n-hexane extracts of A. sachalinensis bark.

3. FLAVEREELLEYICLIEMRLTHOREE

v VBB LUFOMEILEYCT & B P. phosphoreum DEWFNORREFM:E TR
ER-2IRT, & VA YIRERIBRICIEFE c ) S BRETEM: 2R U 7o DI IRFEEL 18 Dot
TZHDOR M _EESZ O MLICE T AR TH - oo HBINICIR K 18 ofafufshi <
SEFENBRCH A X7 7 ) YRR, A LA VEREFRIC 9 LIS A BRI EHAZRK >8I v R
FUNBEEEIBOVA LA NT NI - VTRIFECHEDRBEDL -, T2, N7 VR, <
o) YEBEWV S 9 RNLADERTICARIII ZERESEE 9 2 RE 18 ofho fEiiEE>, 9
MR B A A E T AN EMTH B34V VTS, 414 VEROBEICH NS &iEH
BHEECTHOEDTH >, THoDOFRERN S, [EURRICH T 5 A _EESOERE, Z0h
B O AEREBEDEY, KOCICHVEF Y VEDIEIED P. phosphoreum 1235503 2 %%
FIIEFICEBESA 5 &L 72,
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Fig. 5. '3C-NMR spectrum. a) Fr. 2-3-b, b) Authentic oleic acid.
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Table 2. Anti-bioluminescent activity of fatty acids and related compounds

Compounds No. of carbon: Position of T
double bonds double bonds

stearic acid 18:00 — <1
petroselinic acid 18:01 6cis 14.2
oleic acid 18:01 9cis 684
elaidic acid 18:01 9trans 12.8
vaccenic acid 18:01 llcis 9.26
linoleic acid 18:02 9, 12cis 461
linoleinic acid 18:03 9,12, 15cis 487
oleyl alcohol 18:01 9cis <1

£-3 HERBIRHhOA LA YRR

Table 3. Amounts of oleic acid in the coniferous barks

Pinus densiflora 4.0%*
Abies schalinensis 24
Picea glehnii ND**
Larix leptolepis ND
Chamaecyparis obtusa ND
Cryptomeria japonica ND

X WREB YT AERE/ -k Vb
* Percentage by the weight of oven-dried bark meals
** ND: not detected

4. HERBRPOT LS VEBEOER
KL L 7 6 O AAEERIC > VT, ZOME» 5B n-~F v viliEYhO LA VIRE
% GCAWIRE DIIE Lo BBIWRT I FoYRUT AR YBRO n-~+ 4 v HithY)
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TR EFNFNEEBREREICH L TIC 24%, 40% 04 LA VEBEEESELTWS I EAHEAL
720 XRRHNTMBDOMRED n-~F 4 VYO GC ATz v 4 YEBRIRIBE hish - o,

IV. & =

AR THRE LT R TOHERBR D n-~+ 4 »HiHi#h MICROTOX™ HERIcB W T
BHEHN AR LI, L L, 20T Py BLUTHYREL LB LN n-~F S v
HHZIER ICF L CROVREHELARLTEBY, 05 oty s REEEYE
BEEL TV SRS R S e, 3T, SFEMERIICIERS E L THEET LT ELTF
VERIZBEEMME L LTHShTHE DY, MICROTOX™ RERICHB W T bFLHEERERT C
EBHISNTVWSSY, LA LEKS, ool oRERER T ©xF v IROEEE
WWHARTEBPICEVSDTH o1, £IT, BROFUEEOED - LELS L & RNYE 2 i5 5
LickTh, #uvA VEESHEEHEWESE LTRIES i, & v A YEREYICIE i 5K
BAFIIENR TH B, LIz -T, A LA vBELEBICREFEMYEERG T R3RNETH B
TEDS, [MShOROMEEAIICL D EYFBREZDO L OEHEMICHELTMEEIEZEZ SN
%, NERNRRIC B 2 A E8afl _FiES IERBEE LN T 2 CEBHIOA TV AL, ZBDO b0
WCIRRMES S W T & SHAYREHFEBRILENORSICEULBBEEZ &N TE
%, 3185, P. phosphoreum DHALZEIIGRICE O TARBFIENRIC £ 0 BEELTHE & 1R
{b FMN 23tEpg & s W afhEt: & 75T %,

—4, AuvA rBREMBEESICB T 2 FEERBRESE L TOHIONE I ELS, T L1 VRO
BIc L b, MR ECB T 38 v BEEGHERPEEERZT, TOMELE L TREEESED
feafE b EA 5N 5,

ik, MICROTOX™ REBRDFER & oA talBR O HR & O (SHBMSED S h 515
BHREZVY, Lh LML, 1A vBIGEBOREEHEEL A RTICbLLd S, P. phospho-
reum OEFEHEL SV (F—KFEH). Lich->T, 2D &3 MICROTOX™ HERDFER
RFEBICEYERERE T EMNETH S EERLTVS, A Tid MICROTOX™ 2,
BRIz B 2 R EEN 2 iR B 2 T HRPTE I D W TRE 21T > oo ZORRE, EFK
A EEEOBROA L1 vBBSRINEND, 20—FTA LM YERL D & MICROTOX™
RKEE TR EEEANTE & b7 BT F VB & 5 icAEYE 2 R T WE sk R E
ELTW50T, BEMHYOBERIC >V TRBIRNPHETS 5,

FRRYBLUOTATY ORI -~ VYT MO BEIC R TE L BV A LS v
BOSENED LN, LEM-T, TOTENL F=Y, BLOTHTYEERD n-~+9 VHi
H# O IEF RO IR EE o+ 2 HTH 5 &KW L 72,

# i

AT TR O SR 2R L T 022 & F U2 ORI W E SRR, 72 5 e T2
BHOH 2 B LET,
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FNT 7 TB T AEYFELEEICE S { MICROTOX™ HEk i3, SiELREsEAR
ELTEKFIHEN TV B, ABIETIE, FEEMCERR 6 ModtEMoMEmEYIic> VT,
MICROTOX™ BRI 38 1 5 RV ETE M 2T~ e, BRME D S8 n-~F 4 v ilHY) & Fiig «
FURMBIIO S B, BICBOELEZRLAZOB T Y &b FYBEOD n-~+4 Y HIHYIT
bHoto b FTYRIEOa-~F4 VYIS, ZORERYEE A T L7 T T 4 —I0E
THREIL 7o GC-MS KR U PC-NMR %2HWT% OfbL¥FEREEZ S LR, RRWE A LA v
BThsEMEELK, £ T, MICROTOX™HERZHOTA LA VRBIZEE T 2 W< oDk
BT ONWT, ZOFREMEFEREFNIE S, KEK 18 OIEHiEET 9 fiic Z Bo REaf1—
BREAERE O OOVIERICHOEHEBER 2E T2 E8HO LN -1, E5IT, 6 BITEORE
K20 Tn-~+4 b ot v VBREBETEBEL/ECA, TATYE N Fe UK A L
1A VBOSERPERMNICBOLI EBED LN, UbD &h o, StEMOBEMTIMD
MICROTOX™ B Ic B 2R NHEOFFRIEA v 1 VBBOFEFEIC K 5 LEEHR L7

F—0— b GHERHEE, flitiksy, MICROTOX™ AR, A+ L4 vE, bt
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Summary

MICROTOX™ tests based on the inhibition of bioluminescence by Photobacterium have
been widely used for evaluation of environmental toxicity. Anti-bioluminescent activity in
MICROTOX™ tests was examined for bark extractives from six coniferous species. The
activity was observed for both n-hexane and ethyl acetate extracts from all species tested.
Among these, n-hexane extracts from the barks of Abies sachalinensis and of Pinus
densiflora showed extremely strong activity. The most active compound was purified from
the n-hexane extracts of A. sachalinensis bark and identified as oleic acid by GC-MS and
BC.NMR analyses. Several authentic compounds structurally related to oleic acid were also
subjected to MICROTOX™ test. The results showed that C18 unsaturated fatty acids with
Z-double bond at 9-position have strong activity. Moreover, GC analysis demonstrated that
the strong anti-bioluminescent activity of n-hexane extracts from A. sachalinensis and P.
densiflora barks could be explained in terms of their higher contents of oleic acid compared
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with other species.

Key words: Coniferous bark, Extractives, MICROTOX™ test, Oleic acid, Environmental
toxicity



In vitro Plantlet Regeneration of Abies firma
from Germinated Seedlings

L-M. Vaario, Megumi Tanaka and Yuji IpE

Plant regeneration procedures from seedlings without radicles and from hypocotyl
segments through adventitious bud were established. De-rooted seedlings developed the
maximum number of new needles on SH medium containing 1.0 mg/! BAP and rooted on
hormone-free 1/2SH medium containing 0.3% activated charcoal after immersion in 1,000
ppm NAA solution. The frequency of rooting was 63.6%. Adventitious buds were induced
on hypocotyl segments on SH medium with 1.0 mg/l BAP and 0.3 mg/l NAA. They grew
into shoots on hormone-free 1/2SH medium. Plantlets were successfully obtained by the
procedure used in the rooting of de-rooted seedlings.

Studies on Yarding and Hauling System of
Mobile-yarder, Processor, and Forwarder
with Simulation Methods

Rin SakuraAl, Masahiro Iwaoka, Hideo Sakar and Hiroshi KoBAYASHI

The length of the skidding road to minimize the skidding cost, for mobile-yarder,
processor and forwarder systems were studied by simulation models involving the number
of operators and other factors. Simulation is based on a model skidding area of 100 m X60
m. If the single-grip type processor is used, distance from site to mobile-yarder should be
0 m—40 m with three operators. For a simple type processor, if the site is close to the forest
road, distance from site to mobile-yarder should be 0 m—40 m with three operators. If
distance are greater, the profitable length of skidding road should be short as possible with
four operators.

Anti-Bioluminescent Activity of Coniferous
Bark Extracts on MICROTOX™ Test

Sakae SHIBUTANI, Masahiro SaMEJiMA, Yoshimasa SABURI
and Norihisa TATARAZOKO

Anti-bioluminescent activity of bark extractives from six coniferous species was
examined by MICROTOX™ test. The most active compound was purified from the n-
hexane extracts of A. sachalinensis and identified as oleic acid.



