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Antitumor Activity of Phytol Identified from Perilla Leaf and its Augmentative
Effect on Cellular Immune Response
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ABSTRACT

Several studies have shown that extracts from yellow-green vegetables reveal antitumor activi-
tics. In the present study we investigated the effect of phytol in order to elucidate the immunolo-
gical mechanism of antitumor activity of this substance. The results obtained from the experi-
ment as follows :

1) Phytol showed cytotoxic effect on sarcoma 180 cells in vitro,

2) When phytol was injected into the peritoneal cavity of mice transplanted with sarcoma
180 cells, the average survival time(24.0 days) tended to increasc as compared with the non-
treated control{19.2 days).

3) When sarcoma 180 cells were injected subcutaneously into the right groin of mice. and
then phytol was injected into the peritoneal cavity, the tumor inhibition ratio was 33%.

4) The natural killer(NK) cell activity was significantly augmented by phytol in vitro and
in vivo. Similar augmentations of NK cell activity were obtained with culture supemnatants of
phytol exposed spleen cells and peripheral blood mononuclear cells.

5) Phytol on the macrophage from peritoneal cavity showed a higher effectiveness in vivo
than in vitro.

These results indicate that phytol shows the inhibitory effect for growth of sarcoma 180
cells in virro, also it can augment macrophage and NK cell activities in vivo.

KEY WORDS . phytol - antitumor activity * cytotoxicity * natural killer cell.
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Table 1, Viability of sarcoma 180 cells in a culture medium conwining phytol(Pt)

Samplcs Dose Number of Total cells Average viability
(ug/5ml medium) pertri dishes (x10M of wumor cells( %)
Pt 1.0 3 18.5 98.7
5.0 3 16.3 96.5
10.0 3 15.0 95.3
50.0 3 14.8 91.3
Control 3 54.3 99.2

25X 10* sarcomna 180 cells were cultivated in 20% FC$ containing Eagle’s minimum essential mediumn(EMEM)
in the presence of various concentrations of Pt for 24hr. Viable cells were counted by trypan blue dye exclusion

method.

Table 2. Effects of phytol(Pt) on survival of Balb/c mice transplanted 1.P. with sarcoma 180 cells

Dose Numnber of Number of Average survival
Samples ) .
(ug/kg) wmor cells mice time(days)
PL 50 13X 10° 10 240t 6.4
Control 1X10° 10 19.2+2.7

Balb/c mice werc intraperitoneally injected with 1.0ml(1X 10%cells) of ascites tumor cells(7-day-old sarcoma
180). 50pg/kg of Pt was LP. injected once a day for 20 days from 24 hr following transplantation, and the
survival ume of the mice was recorded. The number of animal was 10 in each group.

Data represent meant 8.D. of 10 mice in each group.
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Table 3. Antimumor activity of phytol(Pt) on sarcoma 180 in Balb/c mice

Samples Dose Number of Number of Avcrage weight Tumor inhibition
(pgrkg) mmor cells mice of tumor(g) rato( % )

Pt 50 6Xx10¢ 10 4.56L 2.85 35

Control 6108 10 6.85%5.59

7 day-old sarcoma 180 ascites cells(0.5ml, 6X10fcells) were s.c. transplanicd into the might groin of the
inbred strain. 50ug/kg of Pt or the equal volume of buffered saline was I.P. injected once a day for 20 days
from 24hr following transplantation. All mice were sacrificed at 5 weeks following wransplantation, and wmor

weights were measured.
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4. NKMZ2f gdoff O%xi= Zg

Phytolo] NKAHI X 9] B %ol v = EHF &7
sicte] Advte2ag BiANT R R Eg vy
222 M E(non-adherent cel)F &% A % (effector
celD 2 &3, EAAME(target cell) 2AE= Yac- 14
ol ALY FHUAE TR T2, o] F A
TEE E wEAE T old) AF AR 2 sfA
EHANE7 &3 o §E5o VYehds A
counter® ZA &k k. 4% 1064 Z/mle] A
EH8 ml phytol€ 0.5, 1.0, 5.0, 14.0pg% A
H7FAN RS W NKA L iﬁz—ikﬂfﬁ’éﬁﬁﬁ‘—ﬁ% Al
2o =&EATA FL tE2TEY 9.00% ¥5ty
1.0, 5.0pg8] phyol FZENA FelAdA= A5
% Vel oH(Table 4).

In vivodl] 4] phytold] NKE 4 5 o
B719ete] BAdubs EZNE phytolE 1.25ug
Fojgle] 24A|3t0] AE o} B RFALE
FENELEZ AL B in vimoo) ) NKAZH
AEHERRY 9 A GRFANHAT F Uﬂ-’é:'lﬂ
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78%F JEPH O R At f-2) 3 g ‘-’]’E}‘J&E}
(Table 5).
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Table 4. Effects of phytl(Pt) on the cytotoxicity of
natural killer cell in the spleen cell of Balb/c
mice against Yac-1 target cell

Samples Dose Cytotoxicity to
(ug/mil) Yac-1(%)
Pt 0.5 748%1.29
1.0 14.74% 2.78"
5.0 14.50% 0.54%*
10.0 8.20%1.21
Control . 9.00% 0.86

Non-adherent spleen cells(4 X 108cells/ml) were expo-
sed ar 0.5, 1.0, 5.0, or 10.0 pug of Pt for 4hr. After 3
tmes washing with PBS effector cells were suspended
with Yac-1 targel cells(1X10%ml). The Effector/Target
ratno was 40/1.

" and ** : significantly different from the conmol at
the p<C0.05 and p<(0.005 levels, respectively.

Table 5. Effects of phytol(Pt) on the cytotoxicity of
natural killer cell in the spleen cell of Pr-inje-
ced Balb/c mice against Yac-1 target cell

Dose Cytotoxicity to
Samples ’ ;
(pg/mouse) Yac-1(%)
Pt 1.25 50.78+ 2.70%*
Control 7.8+ 2.51

3 mice each were injected with 1.25pg of Pt and the
equal volume of buffered saline(control). After 24hr
rnice were sacrificed and non-adhcerent splecn cells were
isolated. Effector cells(4X10%ells/ml) were suspended
with Yac-1 target cells(1X 10%cells/ml). The Effector/Tar-
get rato was 40/1.

#* | significantly different from the conmol at the
p<C0.005 level.
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Bl on 48A13L, 72X ROl 2d) o]ie] F
Za#s Bg(Table 6).

Table 7-& "l$-2=0] GzgAY GHFE Fa
gted Fulgh X 1064 F/mle] AE F&d omlg
phytol& H]AAE vjof A4EHe ZH|g o} 22
TR Ukt Wi F 2 AFAE FA
ZZH 2o st AFEAR A3 AY Ao|th,
24, 48, 72A7t5e] BE AZ A thzTol A
B} oA A uehdeh

B. CHAlMZES] ME=Mgat] olxls d&

Phytolg thA| A Lo =FAHE o H2AE
FRAEA IS e WIAE 2] 9
o] mlE]l Fu|g BT BEA AR
NBE =&A7 ¥ BAAELHATS S4T 2
A= Table 87 7t} ojm THAMIEEE Yac-19
S1Crs B A sk AFESA ) 4 X 1004 £/ml B X 2
BAAAE mld phyols 0.5, 1.0, 5.0, 10.0ug¥
7V 4AZE FoF wiE 2 AFAHER ol §
P, o7 RHANEE AYSE 78t &

REERE L R0

ejFs A oy AFATA A 5ol
EANEZRE Fe50] Yok Toe] #g &
et AXANTS wustgth HAAEY A
3]% & phyolE 2§47 NG A iz
9 19.17% 20 F7H=9th

M el phytol& 7}8ke] v kA7) v oF 4FFefo]
EARAESA 3 HAXE HEFd A= &
#2 27193 Bl X B (5X 1004 3E/ml)
2mle phytol 3 1.25pg 718k 24, 48 2 72A) 7HE <t
et 2wl FEYE FASHAT of W
FENE AT AFH SR et 42
As F AREE FAT FHAEY R E=
Edgs g B3NS S Ao
Table 92} 2t} 1.25pgS &A1 F 24, 48 &
A7l S] Wk AE Aol BT BAATLNS
o] )29 19.17% F S7FstF v 721 7tR o A4
FeEH7E 7Hg FHoh

o9 2 gtz E Ay B3 F(3X 1054 E/ml) 2mig
1.25ug2) phytolS ZEA1H 24, 48, 72A1-F<¢
uiekdt § o aAE Wt AdFder ENH oY

=
_Ex'_.t

Table 6. Effects of phytol(Pt)-culture supernatant on the cytotoxicity of natural killer cells in the spleen
cell of Balb/c mice against Yac-1 target cell

Dose Harvest of culture supernatant
Samples
(ug/2ml) 24hr 48hr 72hr
Pt 1.25 23.13£ 7.00* 9.781% 4.80 11.08+3.96
Control 4.48+ 0.63

2ml of spleen cells(53¢10%/ml) were exposed with 1.25pg of Pr for 24, 48, or 72hr. Culture supernatants
were harvested by centifugation. Each culture supernatant was added to effector cells(viv=1/100). After 4hr
exposure effector cells(4< 10%cells/ml) were suspended with Yac-1 targer cells(1X 10%cells/ml). The Effector/Target
ratio was 40/1.

* ! significantly different from the conwrol at the p<(0.05 level.

Table 7. Effects of phytol(Pt)-culture supernatants of peripheral blood mononuclear cell on the cytotoxicity
of natwral killer cells in the spleen cell of Balb/c mice against Yac-1 target cell

Dose Harvest of culmire supernatant
Sarnples
(pg/2ml) 24hr 48hr 72hr
Pt 1.25 29.58+ 7.05*%* 19.62+ 6.65* 16.91£ 3.60%
Control 448+ 0.63

2ml of peripheral blood mononudear cells(8X10%/ml) were exposed with 1.25pg of Pr for 24, 48, or 72hr.
Culture supernatants were harvested by centrifugation. Each culrure supernatant was added to effector cells(viv=1
1 100). After 4hr exposure effector cells(4 X 108cells/ml) were suspended with Yac-1 warget cells(1 X 10%cells/ml).
The Effector/Target ratio was 40/1.

* and ** ! significantly different from the conmol at the p<C0.05 and p<(0.01 levels, respectively.
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Table 8. Effects of phytol(Pt) on the cytotoxicity of

peritoneal adherent cell of Balb/c mice agai-
nst Yac-1 targetr cell

Dose Cytotoxicity to
Smples (g Yac1(%)
Pt 0.5 29.68+ 2.31%
1.0 33.73%+ 12.45
5.0 24,69+ 5.65
10.0 32,11+ 3.17""
Control 19.17+ 5.02

Peritoneal adherent cells(4 X 10°cells/ml) were exposed
at 0.5, 1.0, 5.0, 10.0ug of Pt for 4hr. After 3 times wa-
shing with PBS effector cells were suspended with
Yac-1 target cells(4X 10%cells/ml). The Effector/Target
rado was 100/1.

# and ** ! significandy different from the contol at
the p<0.01 and p<(0.005 levels, respecdvely.
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Table 9. Effects of phytol(Pt)-spleen cell culture supernatants on the cytotoxicity of peritoneal adherent cell

of Balb/c mice against Yac-1 target cell

Dose Harvest of culture supernatant
Samples
(pg/2ml) 94hr 48hr 72hr
Pt 1.25 28.21+ 5.04 3511k 8.17 33.05L£2.58%*
Control 19.17+ 5.02

aml of spleen cells(5X 10%ells/ml) were exposed to 1.25ug of Pt for 24, 48, or 72hr. Culre supernatants
were harvested by centrifugation. Each culture supernatant was added to effector cells(v/v=1/100). After 4hr
exposure effector cells(4 % 109¢cells/ml) were suspended with Yac-1 target cells(4 X 10%cells/m1). The Effector/Target

rato was 100/1.

= ¢ gignificantdy different from the conwol at the p<{0.01 level.

Table 10. Effects of phytol(Pr)-peripheral blood mononuclear cell culture supernatants on the cytotoxicity
of peritoneal adherent cell of Balb/c mice against Yac-1 target cell

Dose Harvest of cultre supernatant
Sarmples
(ug/2ml) 24hr 48hr 72hr
Pt 1.25 29.00x 3.32% 33.16k 1.57%" 32.01%£0.527"
Control 19.17% 5.02

2ml of peripheral blood mononudear cells(3X105¢cells/ml) were exposed to 1.25ug of Pt for 24, 48, or
79hr. Culwre supernatants were harvested by cenmifugation. Each culre supernatant was added to effector
cells(vv=1/100). After 4hr exposure effector cells(4 X 108¢cells/ml) were suspended with Yac-1 target cells(4 X 10*

cells). The Effector/Target ratio was 100 : 1

& a_nd EE

: significantly different from the control at the p<0.05 and p<(0.005 levels, respectively.
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Table 11. Effeas of phywol(Pt) on the cyotoxicty
of peritoneal adherent cell of Balb/c mice
against Yac-1 target cell

Dose Cyrotoxicity to
Samples
(pg/ml) Yac-1(%)
Pt 1.25 53.39+ 10.94%
Control 19.17+ 5.02

8 mice were injected with 1.25ug of Pt and the cqual
volume of buffered saline(control). After 24hr exposure
mice were sacrificed and peritoneal adherent cells were
isolated. Effector cells(4 X 10%¢cells/ml) were suspended
with Yac-1 target cells(4X 10%cells/ml). Effector/Target
ratio was 100/1.

*  significandy  different from the control at the
p<0.05 levels.
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