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Abstract . The pine needles, Pmus densiflow Sieb. et Zucc., which is a feed for goats showing a low inci-
dence rate of cancer were evaluated to confirm the potent anticancer effects, with or without several con-
ventional anticancer drugs. The pine needles collected from Mt. Buk-Han located near Seoul were ex-
tracted with 95% methanol and methand and concentrated. From the methanol extract, SOM-A was ex-
tracted dichloromethane and SOM-B was extracted with ethyl acetate. SOM-C was extracted with distilled
water. These extracts were tested for their antitumor activities i vitro and in vivo. Among them, SOM-A
and SOM-C exhibited potent antitumor activities described as belows.

1. The cytotoxic effects of SOM-A and SOM-C were examined against in viro cultured murine and
humman tumor cells.

SOM-A showed strong cytotoxicity against human tumor cell lines and SOM-C showed strong cytoto-
xicity against murine tumor cell lines tested.

2. The antitumor effects of SOM-A and SOM-C were examined against P388 and 11210 of mouse
ascitic tumors.

The highest mean survival time(MST) ration was 1519%(P388) for SOM-C(90mg/kg).

3. To compare the antitumor effects of SOM-A, SOM-B, and SOM-C against solid tumors, $-180 and
Ehrlich carcinoma were implanted subcutaneously to mice on Day O. The drugs were given intraperi-
toneally to mice once a day on Days 1-20, and the tumor weights were measured on Day 21.

SOM-A showed inhibiton of tumor growth more than 50% in the experiment on S-180 and Ehrlich, and
SOM-C also markedly inhibited tumor growth. However, SOM-B had no effect.

4. SOM-C combined with @ -interferon and SOM-C combined with Mitomycin-C enhanced the anti-

tumor activities against murine ascitic tumors P388 leukemia,

Key words . cytotoxicity, ascitic tumor, solid tumor.
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1) ASESE : 28 %) g g ZAAPel = Clea Jap-
ano.2 RE Ropol APFFATANA 25tholF
H(ERZ)A L ICRA wh§-2(8, 5579, 20+1g)E A
g3l Wy t izE BALB/CY DBA/2¢]
adoz de 1y dFozx §35 Bito] 28 CD-
FI(®, 553, 20+1g) & A3t zAMaHch AbS
2 AP zAL &8 2+1T, §5 60£5%, =% 150~
300Lux, A& 60 Phoneol s}, %7 20ppmels}, 718
4 10~133)/24%F 5 olen, 71xpA 9 AL autocl-
ave 2 AW I F(121C, 20~30)3te] ALgstAch ALS
el ag AUEE nIAE(ALAR)E TUEA
WAAGF (GG BN L AFFA Ao, S5
A& 2g o 7 A| 7] T auto-clave® AW E A (121T,
20~30%)3ted 2HE4 AR

2) MEQY MEF B A7 ALEE ANFA 2
40 2% o2 9] American type culture collection(ATC-
C)e 5] Bopure wyua) ¥ P3RR(ATCC NO. C-
CL46)3% L1210(ATCC NO. CCL219) 18} a1 A -& )
&t o) ao s ¢dPAs SUNAEF 3ol $F2
2 humanS# 7HA £33 SK-HEP-19} 3 &M ¥+ 3L
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Lo AH&-SH AT}

3) AR oAt 2 AT Al5ER AHEg &Y
NEA FET HAE B4 1992 64 15U0
Hald FUF 2 QABE AHERAY 71E£9] A
Mitomycin-c(Kyowa Hakko Kogyo Co. Ltd), @ -interfe-
ron{ T E5 A A %), Picibanil(dEF A %)= A&
ezt W o e A P383 L1210 4 Eof of
T A EHEE AXA HAL 3 GRS A de
AHEE T Rl 7)€ A o)

B A7 Alofo.2 A8 Methanol-& Duksan Phar-
ma Co. Ltdell A Ethyl Acetate+= Chicago, Illinois ISC
Co. Ltdoll Al 18] 22 Dichloromethan Y& Junsei Che-
mical Co. Ltdol A 418t A&t 71712 A5
Y+ 5-47]2 Cell-dyn 800(Sequoiaturner Co., USA)
¥} 388 v} 4 (Olympus )& A3 ch

MEUY

1) &Y D AHF &Y 600gE 12413F oWl 2cm
Are Zdolz A0S ADAY Ll 64 2 metha-
nol &0 Yol 4o 2552 &8t Buchner 2
w) 7] 2} aspiratorE o] &3 Fo Hstil AL FEEA
N Loj & 25 A AR F2o] HEE A7 g,
ZHF 200mE A7 83 fAAFI L BH 2
&4 %7}4 dichloromethane 200m¢ & ©] £-0] 2005]
o) EE g UM BXANAEL E2E 293
z+zt 4+ A &to] dichloromethane ¥ % -2 %}%}%%P‘i
408 2% A AT F SOMAANEE 32, 4oz F
F4 29 ethyl acetate 200m¢-S 713l 2008l 0} 3 &5
o] Bl EAY EFL F5AZ ¥ FUs oz
P 1 g EYE 259 BALE AT F
z1zbol 7AQb e & A X oA &g 5 A AL ethyl
acetate extract¥> SOM-B 2] i
M-CA 82 #r)

ol g wyog 3FF AgE dA HAH
SOM-A=6.5g, SOM-B=2,1g 18] i1 SOM-C=37g>.
2 utuy B2Ago|, o) EAES 747 34 /S5

f3 2171 g, PH7R 2433 T4 4 2] ¥ membrane
filter(0. 22 #m, Syrfil-MF, Nuclepore) & 5#AA 3 F
FAHA 2 A8

2) M- A# (in vitro tests)

(1) P38B(OPARE WHBEMEF) [ u)Fy'71e
Dulbecco’s modified Eagle’s Medium with 4.5g/L gluco-
se, 90%+ horse serum, 10%(Gibco New York)ll Penicill-
in(50 units/mé)-SM(50 2/mé, Flow Laboratories, North
Ryde, Australia)-& 371t vl ¥ & AHS-Foh

MIZEHHL7~19 9 o) vkl med P388 M EFE

w

ZH 4 extract= SO-

10744 2t wellrbeh 4 E38bo] 5% CO: EAJ8}e] 37T ;-
ncubatorol] A 24A1HE-QF vl F@ch, 13 AR E 25
2 3N srEe Yol 2959 o wjgstn 44l
Zt Well(Ml X+ 2fAl +u =), v #], kAl 48 2] )opc} M-
TTHL 0. 5mg/mé¥ Y olFo] MTT Assay” "ol So]
7&@.

s’ 1 A EF29] LDwX] & semi-logarithm=] ol A y% o
’%‘Lg, xFHE FEHA Y FE sl JHRA B
213} 3 S W 50% 9 HEES JehlT Al FE
2 A3

NEsAzs gyl

mean A(drug-treated )
mean A(nontreated)

Cytotoxicity( % )=(1 X100

* A=FAT

(2) L1210(OFPA el SWEHAMIZS) | Fischer medi-
um, 90% + horse serum, 10% (Gibco, New York)ll peni-
cillin(50 unit/mé) streptomycin(50 #g/mé)©] 3 7+ v
A g AR o, 9 wigy AGaAES 2 A
& P388 M X5 FYsict

(3) SK-HEP-1(Human ZH2f M| 2 3) 2 3LL(Human
H M ZF) © RPMI 1640 medium, 90% +FBS, 10%
(Gibco, New York)ell penicillin(50 unit/mé) streptomyci-
n(50 pg/mé)o] H7te vigFd g Ao, 19 WY
HALEAEN LAY PBEHEF} FY
=

3) SEAE(in vivo tests)

(1) Ascitic tumors®E 0|23t LI & Yol X A&
¥ 5E8& CDF1 vt &(8, 21t1g, 55F3)2M 1§
g eutE]y ARSI AR o2 CDFY vh9-29]
el A ERA(1X105)109 7ol L35 & F=4}
71 (23Gx gauge/m¢) & o143t Y HA M EFE A
eoh. 29 g2 o g 9L P38 A EFE vl
1x10°, 183 L1210 A 235 vhald 15X 10°H Al &
7ol Z‘QEAWI OF ANTHE W2 T2 0.9% A
AAEEE 282 NEFS AFEAE 1Y 134 7d
B3 T’\]“’}C}

AAdED B L P388 L L1210 Al £F 9] xjA}&o]
Petd w7] g dUAEEA AYGaHE B3
ol b &7 Zo] 2T & ANaL JEER
gop !

MST of T
MST of C

* MST=mean survival time

MST ratio( % )= - X100

(2) Solid tumorsE O|&8t W7} & AYNA AHg-€



522 ICRA vh$2(3, 21+1g,55%)2A 15E 6
utg g Apggch AdWge2s ICRA vhg2d A
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e/ml) S ol &8t Bl FAAA ZHzte] 2T
2 dev a9 e whge g 4 S1802 Ehrlich Al
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N7tk 2% #NTRE RS 0.9% 9 AelAds
2 a8 Aare AEERE 19 134 2043 F4L
s}, 282 5Y A E AFS A3 24
FEAACE 7Mest Agad AR Fuz
Eia= 2

AGasel #HLE AA R A caliperE ©] &3
2839 4F9) ol £ A3 Lold Zo A
F& F8A 22 Y& [Tumor weight(mg)=1/2XaX
b*(a=2H°}/mm, b=%/mm)]. o] WPz T3
Aol 4Ad ¥ LY FAQH A3AA &L 4E
o ge FAoz pEp!

Mean tumor weight T
mean tumor weight C

Growth inhibition (%) = (1- ) X

100

(3) soM-Co} 7|E=&letnje] AsEat Iot: 2 4
A oA AA S AREFANEE T3 & 5 A
9 FEEATE B3 HedH SOM-C7F A=At
ol 2o wiyy 99, 1Y 1 HAYE ASFL
23 vngd da AHEE 1 = mitomycin-C, «-inter-
feron, picibanil®) 7]1& <A &3} ofefi o} Zo] W EF
ogste] oFe) A Q) F528-2 P

+ Mitomycin+SOM-C

- a .interferon+SOM-C

+ Picibanil+SOM-C

B A A AMRE B8 CDFL vh¢-2(8, 21+
lg, 5532 2848 6vi Y ALEAh AEHEe
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(4) SOM-CHl| LSt SN AHEY | 2 dHo A A
£9 5EL DDYA vt$-2(L, 55, 20+1g)2H
A=A G 25, ohaA Fed G g 22
ohg] 28] A ZHE AAE % EFEo R 2uty
Z A8 Ao E FAEAANE Y] 9
9l LDwZ 7%l whal WA 100% 9 50% A AF&ol &)
Do FEE T A7 du SRAYEE VR
28 NHAE 28 dAsta 72 83U 184
Fogitt. 5% 7dEe BFstS 2 ARl FAl
HE AREHE FEE AT e, 7R
2R A3} 22 A FRY i 7
232 H3ll Care zone, 2AHY 71808 2l Safety
zone .82 &1 =¥ 3} g

(5) SOM-COI| 2|8t BUBIX{ 3t AL 1 2 H o
ALY BEL ICRA vh$2(R, 5538, 2041g) 2 A
2§ 3utely ApR R A e g SOMC &
Ao A FAFEY Wmg/kg 19 134 6Y
Bl Sostn 7dRe] Aol o5 x|AFA]
& HARHE mADE AR A4 Agisted HE
ook AAbe AEF 1417 ool EYE TR 7<
C11l-dyn 800 (Sequoiaturner Co., USA) ol 2} &} o] 5]
Hch

2 3

ABBHY ME (in vitro tests) © GRS ZA(MFRA)
s A9 TaAE SME T2 cell survival> & Yol
M FE37HA BRA BF Folsty FEo) WE A ¥
%4 (cytotoxicity) &) A=+ H £ HHS Jeph 2
2Utt. SOM-BE 7} A| £330 A njt} A 2 =4 o] ko)
o}F A el 50% inhibitory concentration 7]
of ¥Hogx FA7F AUt Table 1). SOM-Ae S-
K-HEP-13% 3LL Ml ¥ 3(Figs 1,2)90 4 28] 3 SOM-C
= P3883% L1210 A £ 7 (Figs 3, )N B} &2l %
AL=Ade G371 vepweh ey L1210 A £
A 2}l 7% IDwX 7} 3LL/SOM-A Rt} 27. 18, SK-HE-
P-1/SOM-A 2.t} 23. 78], P388/SOM-A Rt} 3. 061,
P388/SOM-CRt} 2. 288 123 3L1/SOM-CRT} 1.
78d 5 Ul R-E ok A EFE s 24 Vel W)
ol 37kA) A 25 oig A e adae & 47 qlok
(Table 1). Figs 1, 2, 3, ol X R & SOM-As} SO-



M-Coll gt NE5AHLE B} 243 FAL 7HA 7]
o #¥ ¢ AAo|=l 53] SOM-Ad 23 ZA5AE
B9l SK-HEP-1# 3LL Al¥359] 79 2.5mg/m9] ¥
oA 95% ol B} NEEHEARE Y3, SO-
M-Coll 4% #4548 22 P3889 A9+ 2.5mgdl ¥
oM 0% A=Y AEZHENE BQoh

ol 4zt & AT JH o2 Kol SOM-A%} SO-
MC EFZE NEFo & HhF AESHEH7} Q)
28 89 F9

Table 1. Cytotoxicity of drugs on various cell lines & vitro
: 50% inhibitory concentration{mg/mé)

Sample P388 L1210 SK-HEP-1 | 3LL
SOM-A 0.62 1.90 0.08 0.07
SOM-B 3.00 3.00< 3.00< 3.00<
SOM.C 0.11 0.25 0.31 0.14

O 1 SOM-A
A SOM-B
100{ @ :SOMC
’ W
X g
=
2 w0
3
]
20
0
0.04 0.16 0.62 2.50

Drug concentration(mg/mé)

Fig 1. Effects of SOM-A, SOM-B, and SOM-C on sur-

vival of SK-HEP-1 cells.

EB843 (i vivo tests)

1) Ascitic tumors® O| 28t H|Qt& 2t -o}: v 49
S 53 YAE 4 BA AT SHAFEE Fugd
Zt Ao B2 3 As HAIg P3887 L1210 Al X
Zo] A a7 A ohg Table 29 2t} SOMB &
49 A% 2E oM FAA A& Bl n 2] £
a1 121} SOM-A% SOM-CE M EF BFA
FsA & AlAE T k. F94 e F EFE v
& 2 uf SOM-A2l 3%+ Hoj T/C&o) P38 Al EF
o] smg/kg FENA 135% 183 L1210 Al £ 5 9]
100mg/kg F 5 A 125% 216 vlsl, SOM-CE P3883}
L1210 Al ¥ F 9} 90mg/kg & £ A 151%, 126% 2
w2} #o8HA 2tz velddh =8 SOM-CE #&Y
91 7F 30~ 150mg/kg 2. 2 HWol T4 FHE AYx

O :S0M-A
100 A:SOMB
®:SOMC
8
¥
=
E &
w
=
& 10
20
0

0.04 0.16 0.62 2.50
Drug concentration(mg/mé)
Fig 2. Effects of SOM-A, SOM-B, and SOM-C on sur-
vival of 3LL cells.

O SOM-A

Cell surmial %

0.04 0.16 0.62 250
Drug concentration(mg/mf)

Fig 3. Effects of SOM-A, SOM-B, and SOM-C on sur-
vival of P388 cells.

O :SOM-A

3

Cell suruial %
3

8

0.04 0.16 0.62 2,50
Drug concentration{mg/ mé)

Fig 4. Effects ot SOM-A, SOM-B, and SOM-C on sur-
vival of L1210 cells.

ek, wetd B4y FHEFE o8 ALGAAAY
ol A& SOM-C E20] Bt} $4% Aoz H7t 5o
A}

2) Soliid tumorsE 0|23t MIQHE R B} : Ze =3
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(Agut)stoll A §4E 28494 s
AGaRANY A OGS Table 37 2ok oA 4
Ag BeY N EFE o] 43 AGET HIMAHAA
9} ri3712 2 SOMB E32 RE 5xdA 94
Sl #W7le] ujx)x] £33 A2, SOM-A$ SOM-Cell
e 228 93 48 2ol st 23R/ BE
< v W SOM-AY 39+ S180 A E£F9] 75mg/k-
g Txol A AYAAE(-T/C%)ol 65% 12} Ehrli-
ch M 2.3 9] 100mg/kg 5 ENA 65%<21H) B8 SOM-C
E Aol A& S-1803 Ehrdich Al £3 9] 9mg/kg ¥ =il
X 72%, 6% 2 Bot §3HA 242 et 29 &
E¥ 9 = S1807 Ehdich A X F R F A 60~120m-
g/kg2 2 WA Wt nHL HEFE o] 8T AY
ERAPAAE SOM-C EFo] B} 94 e &2
2§47} Hoj3g.

3) SOM-C2} 7| EE LMo AsE HIt: 7]&9
FAAELE olu] YFNFoAA o= Ax9 AGA =
B7he vx ded 4 20 oe} el B
Alg AA 3 Aot g e oenz a9 e 0w
< 971 98 Q7RI AAF F L2 (Ascitic tumors
AR ) st M e o] 2FE | Z AP S FA A4

& 2ottt A= Table 49 221 SOM-C7} Table 2
o X Hol& 151%(P388) Bt} ¥ 146% 2 T/C& )
VeSS F12 e 19 2HE AH L o)
dart ok

a -interfferon®] 73§ @A EAZ A& o}F oug 112
(P388), 110(L1210)% <) 44 <ldl vls, SOM-C7} &
g ¥ Ta .nterferon + SOM—-C, 9 1§ o) A = 158
(P388), 136(L1210)% 2 423 45F5 94 E Holx
fch E 3 Mitomycin-c% @ -interferon Rt} 3 A 9k
SOM-C8} & 35 o] A] 139(P388), 142(1.1210)% ol A
156, 154% 2 A 77} 455 At 121} Picibanilo] 4
© Aeag7) e Ao g eyt

4) SOM-CO|| LSt SMAHER | 3712 YA 3
&<l g AGan FUAPAA SOM-C E3lo] &
A< H71E A HAD ng Fog A sAE
73] AN YA BN T8 ANEE F
A SOM-Coll tiat EQ~HEHL Wag 3tA o)
7453 AAEA =HAed A3 Fig 59 #h

50% 9] XA (LDw)& 270mg/kg 228l A8 % 3

82 Fe 27 8dd A XA (MLD) &

20Img/kgol At 3 A7 ol 2 Fo] AN gz

25

Table 2. Antitumor effects of SOM-A, -B and -C on murine ascitic tumors

Dose P388(ipip), QD 1-7 L1210G.pi.p), QD 1.7
Drug (mg/kg) T/C(%) Activity T/C(%) Activity
25 104 105 -
s | T T .
SOM-A | 15 | T 116 -
"""" w | s Ty 15 Ty
150 ne [T - -
""""" 200 T s 100 -
25 107 103 -
50 nz ] T 106 -
SOMB | w | ns | = w T o
150 106 104 -
220 100 o 102 -
300 % | % .
10 106
30 w |
SOM-C o | w |
%0 D ++
""""" 120 s |
1s0 | s TR

* Tumor cells were inoculated intraperitoneally to mice on Day O. The drugs were given intraperitoneally to mice once a day for 7 days(Days 1-7) :n the

P388 and L1210 tests.

* MST was measured. Mice were used in groups of six in the P388 and L1210 tetst

*Cnteria . +>120, ++>150, +++>175-<120
*QD : every day Tox . T/C value of <90% indicates toxicity



Table 3. Antitumor effects of SOM-A, -B and -C on murine solid tumors

Drug Dose S-180(ipip), QD 1-20 Ehrlich(s.c-1.p). QD 1-20
(mg/kg) 1-T/C(%) Activity 1T/C(%) Activity
25 28 - 35 -
SOM-A 50 48 - 51 +
75 65 + T 62 +
100 61 i 65 +
50 18 - 2 -
SOM-B 100 12 - 8 | -
150 | 34 - 15 -
220 30 - a T -
30 45 - 46 -
SOM-C 60 62 + 65 o+
% 72 + 76 ++
120 68 + 70 ++

* Tumor cells were inoculated s.c. to mice on Day O.

The drugs were given 1.p. to mice once a day for 20 days(Days 1-20).

* Tumor weights were measured on Days 21. Mean tumor weights were calculated.

* Mice were used in groups of six in the S-180 and Ehrlich tests.
* Criteria © + 250, ++>=70 -<50
“QD " every day Tox . a survival rate of <80%

Table 4. Synergistic effects of SOM-C to the conventional anticancer drugs

brog Dose P388(ip-ip), QD 1.7 L1210G.p-ip). QD 17
( /kg) T/C(%) Activity T/C(%) Activity

SOM-C 90mg 146 + 121 +
a [NT. 209 IU 112 - 110 .
a INT. 10% 1U 158 et 136 +

+SOM-C 45mg
Mitomycin —C 0.16mg 139 + 142 +
M‘f:g;;" . O;(;ir;g 156.3 e+ 154 ++
Picibanil 0.2KE 151 ++ 157 ++
Picibani 0.1KE

oM g 153 o 154 ++

* Tumor cells were inoculated intraperitoneally to mice on Day O.

The drugs were given intraperitoneally to mice once a day for 7 days(Days 1-7).

* MST(mean survival time) was measured.

Mice were used groups of six in the P388 and 1.1210 teste
*Crenia. - + 2120, ++ =150 —<120

QD [ every day

ol Wls] thhete ZHAEHO F98 2dtE AW C
are zone-& 149~200mg/kgol A1 2 9]¢ rAA o Q)
Safety zoen 150mg/kgel 81 2 Vel i},

o4 A% g Fug d B, deolM AA)S A<
A A SOM-CO 3 FaFErt 2543840
RFGHEY RFol A WOmg/kgolAem g EA4o] o -
w3e £33z grhd,

5) SOM-COIl o8t U SR H S| ZHA} : A F7} 2]
ol i Adan AYNNPez FoXo] L SO-

M-C EZ & 2484 Ak ety QA4 o) 3t
712AQD ARE A7) 98 1218082 SOM-C 23 &
ool o dojube YA AW E HAle Betey)
A= Table 59 2t}

2 A AEE A2 T] nfeAE Q8 Q
#(KGLP7)|$)59 RE 2PN AYg1g8sn 5
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Table 5. Hematological values of mice administrated with SOM-C (Mean*SD)
SOM-C
Items Control P Some/hg
WBC X10*/mm’ 1.74+0. 61 1.85+0.39 1. 7740.41
RBCX10%/mm® 7.7840.69 7.79%0.21 7.8140.68
HGE g/d¢ 12.8141.12 13.01£0. 78 13.0840. 22
HCT % 42.62%2. 31 42.1142.36 41.26+1.37
MCV {¢ 52.61+1, 04 51.30+1.58 50.01+1.26
MCH pg 17.2940.61 16.2710. 33 16.47+0.7]
MCHC g/d¢ 30.3140.78 29.9910. 61 31.01 0. 31
PLT %10%/mm® 1129+184.6 12484126, 5 130142119
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Fig 5. Toxicity spectrumm of SOM-C.
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