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) = A0vE VBRI HIERER V7 (sulfite pulp:
SPYIRIC X 2Tt PRl s A RICHIEY & U T
LN BNV TEIKROERDITH 5.

SP iz 7 v SEERO COD, BOD, SS Of
PR THBDT, BEHE, FEROBIEHROES U
KP (kraft pulp) il & »AbhHood 5. L
U, SP ROV TEKROEIL, AJITEEY 0%
HbEET ST, HANREESE (1973) wih
i1, B4 EEODBERVTEEED K4 %i1TH
L2 37575 b ods SP ik o TEE S T 4.
T SP BE B HaEE T THEEBDRH 1.3 5
Thbh, LEF>THI T ic@d 5. LD3 b,
46~54 B3V = v Ak VR TH Y, ZODf,
44~52 D R EOFEY, 2%0 JgkayT
b5,

LD 3 I KRISED, )V T BEIK OFZFI L RF]
RERORERRCAESILOE S $h TERET
» 3. NVTEERMBI OV TIRE L OBIFEE 1453
INTE. U URFIBO $ERETIERLE
, ZOESFIRAEOHRBKIFIN TN, EES
BTy P Ak VBV HEERERET A E
2ELPIRLTE D, ZOFAEOH Li—THEIZD0
THBELTEN. ZRTRY =0 RvF L BO= b
v ki 7z DHESREICE A A BBV THRE 2 A
1.

EERFHES LURKR

1. Yy=vRNkEo=-bOf
EIEMY =22k B (LSA @ HBEER v

7)) 20g T 20ml OPRBEE RIS FTH L,

LSA »HE@EIE (af), HI20ENIKISK S
ml OGP 2L ICHRMLT (b)), = huil
BB/, LODL, Fig. 1 wRdT ki, B
Ble—HmREL, x4/ —o 300ml AT, 4
WU EEGEE % 3,000tpm, 5 50BN D

Method a Method b
- LSA 20 g ] Lsa 20 g
Conc. HNOB 20 mi- <=—y—— {Conc. HNO3 20 ml

Conc. H2SOh 25 ml

Left at room temperature
overnight

Added ethanol, 300 ml

Centrifugation(3,000
rpm, 5 min.)

T 1
Precipitate Supernatant

Washed with Neutralized with
ethanol, then N NaOH
ether Centrifugation(3,000
rpm, 5 min.)
Pa and Pb
Precipitate Supernatant
Qa and Qb
Dialized ageinst
deionized water
Ra and Rb

Fig. 1. Preparation of nitrated products by
methods a and b,
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8BDIIOL, Wi/ -V, -7 VTIERER U, B
B U7z (Pa, Pb). 7235, Pb ik Pa it 5~Tikic
X9 BIEEEDSRRENDTIC. BHEHIL I EB 2B L
255, Thit 1IN O¥ NaOH B2 TL TH
LT, CO&EIEURTEBZELNL TEDIZ (Qa,
Qb). 35z oEd BB 2RA + KiTH U TER
UTHRELIIOL, BiER L2 (Ra, Rb).

2. ZhOHmos A8

Sephadex G-50 (1.8cmX110cm) T= b u{t¥y
DO VABB R otz DEIE S ml/tube, 50 ml/
hr CTE/BEL, FNERH3shoiEss Smeg/ml Kk
Bk 3ml & U7z, = b oo 400 nm OB
ST Tl

a) Pa, Pb Fig. 2 WiRg X35k, = ot
LI LSA 25 VA8 58, FEES 105
BOBAEZRTHAIVHRE LI U 5. SERE
BT A1 oNT, FHEO BOLE WY 555,
I8 FE»OH BHEN ERLIZLY, 20 BHICH
WE—2Hdsbh 3. DN T23EE $TIIE LSA
OERHEDITTNTHHET 5. Pa i LSA ©
FHBAA L HIEH LR LY, BUL 23%HZET
Z2DESEEDIIEAEBT VP LBEET 5. DT
L5 Pa i LSA LEBO P FESHZ RTE
Vb b. BOBOOEES FEDFEESHIEER LSA
& Pa TIXBALMIZT E 2O TH Y, Pa OESGLEIE
FRHIBHAESMS 0L KT, U, MPT 204 T
»%. UL, ZOFNVEEE2—0p6 15 BT
0FHIKE» BD LN, BOKHRET 2 HBI2ED
T, SFEOKRXWEIZ Pa-1, Pa-2 Xy° Pa-3
DENEICHDT AL ENTES. INLOED 2
», Br/ov L Y lIORIOBEAZRNIIDS,
zhZh% BRI, TNAT hro Bl B
1z, EBTHEBRIILERORERI TIETH DI Pa-
1 g2 TOAERLUIZ. Pa i LSA X Paic
A HNELHHLEUY, BAOREIR 3FETD
D, ZOru<c b FIadb6, ORI EIC
F—- 2 &V BEIENE 7 2§ D RMT KAl
T 5. WFhiclLTé, Pa it Pa it 6L HiE
NFEAETZOFFRELSAL T Y, ChRHE
bistia &b b= b o bDFEEM RS, LSA OB
B EEICET UL EIREBEELONS. g
B, Pb 2 LD X 5 ICRITKBIT 7245, B5%
HER BB SN0 T, UTOHREI
Boh s 23803 5 &2 ik,

F7z, Fig. 1, 2, 30 2EREERBSOBOOHEE

Absorbancy at 100 nm

Pb

1 1

0 10 20 30 10
Fraction No.( 5 ml/tube )

Fig. 2. Sephadex G-50 column chromato-
gram of LSA, Pa and Pb. Five mg each
sample dissolved in 3ml deionized water,
was charged on a column (1.8 X110cm).
Flow rate was 50 ml/hr. The material eluted
was detected by the absorbancy at 400 nm.
Pa was further fractionated to Pa-1, Pa-2
and Pa-3 from the chromatogram, There-
after, they were purified by the rechroma-
tography under the same condition.
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TH5b.

b) Qa, Qb FHaBlrbitk 3Qax ki Qb
Dr7uw I A Fig. 3 IwRidEB8)THS. Qa
BRAEEE 10 NS i~ 27 2RT WE28A
T B, ZDLEEEHED 93 Bt 2~ EMCETE
N3. 2CT3, 48XV SHIRORIHEEZ LDOW
FCONTE Loz, Qb oW TidzdDru<w b
75 a5, BEEOE—-RFRISEHITHY, 2
SEAEDK S5 B3 1T BLO 18FH %2 bz DD
FizgEnsg. Qb %X 51 L CEEERIC AN

Qa

Absorbancy at 400 nm

0.8 |-

0.6 |~

0.l b=

0.2 I H\
[} 1 1 1

o 10 20 30 140
Fraction No.( 5 ml/tube )

Fig. 3. Sephadex G-50 column chromato-
gram of Qa and Qb. Three ml of aque-
ous solution containing 5 mg each sample
was charged on the column, and treated
with the same condition depicted in Fig. 2.

A EREBNICEHETHOIDT, 20 FHABIT
U7z, Qa X b s Qb MBI HEITHMEZHHL TH
b, Pa, Pb DA EHRBETHOI.

¢) Ra, Rb Fig. 4 wiRTL5ix Ra Xh$é Rb
OFHDE DEL, L3> T Rb 3 Ra kh g,
L OENTEDIRELBATHAC EMHEIN 5.

0.8 r~

0.2 : Ra-2

Rb

Absorbancy at 00 nm

0.8 =

#

il i | |

0 10 20 30 1,0
Fraction No.( 5 ml/tube )

Fig. 4. Sephadex G-50 column chromato-
gram of Ra and Rb. Five mg each sample
was dissolved in 3 ml of deionized water,
The performed was the same as shown in
Fig. 2. Ra was separated to Ra-1 and Ra-2,
then they were purified by the rechromato-
graphy.
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Ra 328 FHIKZu~< b7 20FHMEBHEDT,
23~ 21 BB L 28~30 BH 2Rk Y, Hruv
Mk DEEIUI. MR ONWTERESE, BA
Z A ARHELIZ. Rb 320 7o 55 ad5,
ATEHRZ VW LUESEOREHEZA SN BH,
Zh 6 BHEICHEES 3L L L BB,

3. ZhOEMOEESITE

KM P HREBCTMIT 2L, V&= 3—HidEk{L
INTKEHOEYTWERZEE L DIT, hOHY
BHETNVEY CRBEOBERILEY, WbWwi=trY
TR BCEFASNTNS, FTCHEELZY 7
= UOEBMBR I ST BR 2LV /=285
CEITRETHB. —RIZ=bu Y F= RIS
DBRESHRSED LN T D, W - Ak (1955)
ISR % 3 TR, 8MEE LI 95°C ik
IEMAMEL, BRE, 2.28BL0LHOBDED
2B TCNE. TNLDERDTNTHERIY 7=
FFHOT 2 = VER=PrEELUTEELTH 30
E3nioN Tk LD BERMB DY, 4V=boy
B, BB A7V LTHEETAEEIZNES
T35, ERREERRARP LB =) 7=
CHDBRONIOBDOAW = beETHAEINT
Wna.

ZODX 5 IS H 3 VIZEBRCHEL 72 LSA f0
BREREOTNTH, BIFLI=buE» 52T 3
DI TR EZBBITHETE 3, BESED
HER L2 T= b v ESBOBB X ZOHENER %
BITATEETELS.

Table 1 &=+ v b %» L7 LSA OZEHTDE
FEOVHERTT. LSA 3 0. 13%DEHER SLrDA
Thh, COIDR=FoBERTRIZNEZLLN
3. THhICHEEECILET 2 hka 2138 CdE, 4.5
~2. 8 BOEEPEAINS.

Table 1. Nitrogen content in LSA and
nitrated products.

Sample Nitrogen (%)
LSA 0.13
Pa-1 4. 50
Pa-2 3.69
Pa-3 3.13
Qa 3.39
Pa-1 2.78
Pa-2 3.00
Pb 0.92
Qb 3.07
Rb 3.43

Pa, Qa, Ra TOWTERFRBIET 2L, %
5D 355 Thos dLHFTFRINIV Pa FHd
52ERFNLHTHY, Pa ERTREDE DS
FEMNKREXWD Pa-l BE T, DT Pas2, Pa-3
DIETHY, Pa HHHOEREBIZIZONTEOKR
FIRHBL TN B ENDR 3.

—%, HEbItL>Tiz Rb>Qb>Pb Ol EE
REVKT, Fha DERLEFREOTNE. &K
PoETOZNIIZ0.92%ThHY, O EDEDE HE
ULTRBEULL SENBENCEDEEINS.

4. Z P MEHOBIRANS P L

LSA Z#o#ghrrrsr (—R) #, 7o
Fu (—OR) #EIAWVE 72/ -V (—OH) #
RETEBHBINIRVEUEREATING., CDTE
X, FEEBmANLELO 260nm OFINE (pimary
band) 3, Fig. § iR L 5ic, LSA Tid 280 nm
NECBEH L, LNEFRSEEREOBEZ 51T T
WAZEPSEbdA. ChoDBRERLL, 5
WET Y —ovd b LB E B U TSR 250
~280nm KB Z 5, ZDHTREER (©
135,000 25 10,000 BET HATEMHMEN TN
A, LD EE LSA DOBEKE (mg/ml) @ 280nm
DOWHEIHITHBT &5, LSA hOBEBR~
CUBREBE 10~20%ThHiEELONS. DX
72 LSA =t kRS %2RAT AL, BFiIADX 51
BrxOET= huENBEAIN S, LSA ORI

20

g
"
I
3

Absorbancy
5

250 300 350  Ljoo 450 500

Fig. 5. UV-visible absorption spectra of
LSA —, Pa-1 .., Pa-2 —-— and Pa-3
- -~ in mg/ml aqueous solytion.
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RTPNVRRESHERBLIZTORELLT, FE
MICBEREALI = oRIRIBPDTHBEEADL
N3, by TETEREOE = b nZEPBHERIT
HETHE KRRz e BE2&diTig5hs, 20 200
nm WILE (secondary band) IXAIEILEEE S TB
53 %. Pa-1, Pa-2, Pa-3 &Ry sED
LSA kb  BREELHEML, 35 TEBHEDRK
HEPELUSCHL sD TN BT L, Th b OFBM
KHEERCEE U= o EVWFEET AL ZRRL
TWa. 170, CO=ZBoFHORERER, i
5 OBEIND HBLNIERE L NI U S EIBER
CdHBbII TR, Tiobb, BEREED DL
Lol Pa-1 OIREED Pa-2 X hi{EH. O
C&id Pa-1 FRIRCD L ODOHFFEREF/EL T
W= huE, HA0VE= b rEAOBERVEELT
WARTERBRNRLTNA,

Qa, Ra-1, Ra-2 &2\ T4, =be{bEiEL
OTHELII= b rEBEE~L YD primary band
cEskd 3 bt s 300~350 nm FEERDOEEE D
bz bh 2 (Fig. 6). O T, Qa il Pa-
3 LEEELOEREREA A LD LT, ZOD
ZEFFRITPCZ VL LHROBERICL 53D TH
%%. Qa, Ra-1, Ra-2 i3z 51 gn s LSA
L BNTREEMTRAILT 503, ZOBEER Pa-
2, Pa-1 1z 5XTHEL, I HKiE 280 nm FHE0
BHEIRIL LA LSA L b 3 {EL>. DT & ISRSERER
e &0 THERK DB, HL T 3 TEEE
PREBLTE D, BHEMOREEDEMITERZE

15
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Absorbancy
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Fig. 6. UV-visible absorption spectra of
Qa --- and Ra-1 and Ra-2 -+ in mg/ml
aqueous solution, The spectrum of LSA
—— was also referred.

RHITI= b n BERASERORE e A5 6 DTH
535, = b ufhicht 5 BRBEOI R X DRt
ATz HE: b C LSA 2B LICE SIKBEZERIEST
{ 5.

LSA »55%EbTELNS Pb, Qb, Rb D=z
Z hid Fig. T DX 35icish, BRAR, IEHEE
30k 3 BVEEICET 5 Pa it T 5 Pb 25,
RS DNTHUT DN THEL LKL, & ITERIMRE
BT RIR 2R E 6 5. Zhi, TOETHIT
BEREDEEVD TP LPRNT L ZRL TN S,

20

15

Absorbancy
-
S}

1 i 1 1 1 i
250 300 350  LOO 450 500
nm

Fig. 7. UV-visible absorption spectra of
Pb ——, Qb - and Rb --- in mg/ml
aqueous solution. The spectrum of LSA
—— in the same concentration was shown
as a reference.

Qb DEFHRRY FVidiZiT Qa OZFNIHEHL T
VAN, ZOBRSEE Qa DZLOK 88 B TH
2. ¥z, RbdZzDa<7 hvdhs Pa-2 ERILT
Bh, EFEENT Pa-2 DF2hOR N BTHOIZ.

5. = OtHoERERR

BHOFE (WL, 1974) © Pa-1, Qa, Pb,
Qb, Rb &2WT, ZhsOHEGHEEZRBLI.
F7gb b, Sarcoma 180 fE/kEIEE» dAN Rif<
22 0FEIBELIZ 02 -8 BRREL, Thb0D
BYOBEBRCERISEY 2H5 Uiz, BBIHHR
O¥IEIZ, WREVABDHTNTEFELIZL 3OH
BXDv v ZDQEFROEE TR Lig21ch, FEE
1k, A2 EONBEMREOZER X & iIKiddiRic k
AEKROFE L EOBEGERIBEL L.

a) Pa-1, Qa 3002 1Hic>% 2mg %,
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Fig. 8. Effect of nitrated products, Pa-1
and Qa on survival curves and the increase
of average body weight in the mice.
Survival numbers of Pa-1 injected mice
—-—, Qa injected --- and control —. Body
weight of Pa-1 injected mice m---m Qa
injected A---A and control e—e.

ESEEERL LR, S3EEELIcE xOEFH
HEEHFEEOEL% Fig. 8 1R .

Y = VEFHIORESREORBROE AR, bhubh
IZEE, BE 7 EREREREEE UTHN T 308,
L DEBIT OV TR 2B 5 EBHETDH
DTDT, —~EAHRERPE U TCEEORERE TS
LIFUWNT, WERIITERIEY & U, BEEEBER
LazEELI.

Pa-1 HERIZHEID 5 B NERICL 5NTET,
EDITEESET 2D HIN, BERERILST
L AT LT 2GR (4/10) WIZBEXDEEBRD 5
N, BRUKEHESRE. L0 5 KEBXDE)
BO—ITMAR ST b 5d, WRKERED
RBETEIEL, HO—EE, BEKOFHEBEI BRI
EBIAZSH, EREEMNZL LEDAT, WThik
BT A& 0o 2L 5 T5RBLIL. COTE
2, $CKI LSA REELIBARIBDLINTE
h, NE5 (1974) BRI DBS % LSA OB
WEELTHRUT. SBRULIEHN ST 3451220
TTHS, REBHIE 28 L THRIEKOEEL IohD
b T, 205502 HEIZESBEE, BEAD
BN TN EX & ARECETL Tz, Lhlik
M5, TO2FWTIR 12 HBED SEADEDY BE
3h, DVRBERRIVESHOFE2HERT 5L
EWTERL gD, TOLER, ThbOEHOF
HEED HRICE KIRSTTE Y, 13~20 izt

THESMEDHEMEL S 5 BT, BEKOEENELL s

BITONT, REFABTENLI.. 20%, BEE
REBOEITIT L D BEFE L 12 BEROISEEANDHEN
478 h, HAVIREEL T BT S AR
PBADT B oNT, EFEEOEHEEIX 208E
BEWWET L, DEOEFEEAOREEMEREE
v ADZENEFFETHDOI.

=73, Qa 2REUIE siid, 2EMEERET
i, BUKOEHICE 2AEOMINEHER & AEREI
SETHOH, BEdH, BFELE DNEONMTIX
HWEX L HRRT LN TNBLE S5 ThHoiz. Ll,
AFHBIIERRXEE S E A2, Qa WidEd
FRZED B EMT RO,

b) Pb, Qb BLU*Rb h b % 155 2mg, 7
E®E L. 12170, Pb o EH1EEO BE5E
KEEPBD SNI-DT, H2ELE, 1mg TRR
Utz SBESTRTEIEL 12 & X OZMBEX DEE
iz Fig. 9 woR$T X 51, 10§8HR Pb, Qb, Rb T
zhzh3, 5B8L0°6 THOIZ. Pb ROBHET S
BYEIBKOEENIE L L, BERKIWTh L ES
3635 T EWHEE NI KEOBINE b S
D—E2IZELDAT, BT 52 EDEMIZSHD
1.

Qb PHELIEAIIE, 8 HE T CIRERIZD
REDHEINU IS, L, HERDZHicl 5T,
ZODEEV LT L. DWT, 14 HEDRBIZZDFE

10 mmmm—e

Survival No.
ut

Body weight( g )

0 5 10 15 20 25
Days after transplantation

Fig. 9. Effect of Pb, Qb and Rb on survival
curves and the increase of average body
weight in the mice. Survival numbers of
Pb injected mice -~ Qb injected -.- Rb
injected -..- and control — Body weight
of Pb injected mice x—x, Qb injected
A--A Rb injected m---m and control
o—0.
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BHEESETFTLRUD, BFELTOIEASEST 3
BERICH AT LD b. BERETRICEEL TV
Bk, HIRick > T EBNR 2HEET 5 EWT
59, BIRLIZEHESINI:.

Rb #E5X$ %72 6 HIERL TOIN, Thid
BEDIZEAE DY REDEANDHDY, Rb i
AR PRT DA T, ChbOELEE R ESMN
JaDRFEIC X > THEFET 5 b DL Hr s hiz.

& £

LSA OFIFO—8E LT, ZOHEBRIC VT
e 2INA, [LEERBERO LSA SHBABDER
ICELLHRZPRIOAL LT, 2Tk TRET
AEGCLIDLNBERHLMITLI.

O LSA [tEAOMBERIZECLT, IHITHS
e BAENT, T, = reftRER B
W, Bon i BEOESOERE 2L, a,
b iD= b v {LREODEL, T4/ —vikEk, pH
PR SRS NV ABIRE hARIL THE LN IERIG
EYH, Pa-l 83X Qb HIESENED SN
72, £ Pa-l Lo ik 2DREESR, HE S
i Pb, Qb & B ig Rb 72 & DIBAOYSMT S A1z
BN EREET HE, ZOEME LOTROERITHE
ETHHEEDNS. = b o {LORMHTEBBE,
YT IEOEMENE UL BT 3 EPEES
Nz, Tixbb, Pa BLY Pb BvFhd =&/ —
VTR T 8T8, BERSE, 35 IKREEED
Wb Pb OGNS, FUEERED 0712 BY
shigholz. Qa, Qb iOWNWTiE, ZDEHDTF
B2 Qb BRTHEVBRIZIZ/NTHS. Fi,
ESIEIERIC OV TIZ Qb B b E LW EEDR 5.

LOL > EHBEEREE T TE, HIVEIBRARLE
DREITIBARE 2 FEIZ Y S iehoicdhs, LSA i
BULERET=bo B3I EREPT, 85
WEY B RB AL ENTEREEILNS.

= #

NV TER PO LSA OFFFRAD—HEL LT,
Z O ESEEORZIE» 5 BNT, Chic=}telk
FiS#EECL, 25 2BLAOFERTHELT, %2
nHOYESEE TR, BRIE, BNARY by
E DRI OWTHRHE ZMAT.. ZORBE,

1. WEEDAE LSA 2BE&LTHLNS Pa-l ks
SOBBTHUEL Qb BNEFHTHY, &L KAE
PIROEIR 2R3 L 5 Thole.

2. T —ARBCH—2E %R Pa-1, Pb,
pH BB THET 3 Qa, Qb $ ZOLTE, EFES
B, BEESTREERERCESTEY, $2
OFiESES, Pa-1, Qb OAICED Sz,

3. HEBEERDE U2z Pa-l, Qb @ ¥hd
PO DBREERZ ALY, BESEOFHVLO
P, BTUEZORIICTCH TN BDIT TE g2
7.

X [N

AEEE - BETERT - ANBA 1974 Rt
DY 7= OFESGEE (2. Kétrov gk
BT 2R Y /= BHAORERER. Lk
papitze 28(4): 215-221

HAMLEE 1974 KFLKS (ED)

FEIERvRED - USSR 1955 =tu Y /=Y OB,
TkEE, 58(10): 779-781

Summary

As one of the utilization of lignin sulfonate (LSA) in pulp waste liquor, we at-
tempted to enrich its antitumor potency, which had been confirmed by us. Nitration of

LSA was supposed to be one of the means.
ethanol precipitation, pH adjustment and gel filtration.

The nitrated products were fractionated by

Antitumor potency of these

fractions were discussed in relation to their molecular weights, nitrogen contents or

absorption spectra.

1. Pa-1 which was obtained by the treatment of LSA with nitric acid, and Qb
which was a product of nitrating acid-treatment were both effective antitumor substances.
Pa-1 was more remarkable on the potency than Qb. Some of survival animals had no
ascitic fluid even after death of all tumor-bearing mice of control.

2. Pa-1 and Pb which came into the same fraction by ethanol precipitation and
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gel fiitration or Qa and Qb precipitated by the same pH adjustment, were different from
each other in their molecular weights, nitrogen contents, absorption coefficients and
spectra.

3. Fractions which showed higher nitrogen content were not necessarily potent in
the activity, however, effective Pa-1 and Qa had fairly high nitrogen content.

4. Tt was also suggested that more effective antitumor substances might be derived
from LSA by suitable chemical modifications.



