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Effect of a Formulated Cancer Preventive Diet and Its
Dietary Restriction in Sarcoma-180
Cell Transplanted Mice

Su-Ok Kim, Sook-Hee Rhee and Kun-Young Park

Department of Food Science and Nutrition, Pusan National University,
Busan 609-735, Korea

The effects of a formulated cancer preventive diet and its dietary restriction on tumor
formation, natural killer (NK) cell activity, hepatic lipid peroxide content and glutathione
S-transferase activity were investigated in sarcoma-180 cell transplanted Balb/c mice. The
formulated diet was prepared with cooked cereals, cooked legume, freeze-dried vegetables
and seaweed, oil seeds, and fruit, and freeze-dried doenjang and kimchi. Total calorie
of the formulated diet for the mice was designed to take 341 kcal/100 g and the ratio
of protein, fat and carbohydrate was 21%, 11% and 68%, respectively. Five-week old
male Balb/c mice were divided into 5 different groups: normal group, sarcoma-180 cell
transplanted control group that fed with commercial chow diet ad [libitum during
experimental period, pre-treatment group fed with the formulated diet ad libitum for 8
weeks, co- treatment group that received the formulated diet ad libitum for 4 weeks
followed by transplantation of sarcoma-180 cells, and dietary restriction group that was
given 30% restriction of the formulated diet compared to the pre-treatment group for 8
weeks. At 4 weeks, all groups except normal group were transplanted with sarcoma-180
cells on the left groin of the mouse. The solid tumor growth in each group was inhibited
by the treatment of the formulated diet. Especially, dietary restriction (30%) group
resulted in the smallest tumor growth. The feeding of the formulated diet enhanced the
NK cell activity of splenocyte, which was very low in normal and control group. Lipid
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peroxide content in the liver that increased by the injection of sarcoma-180 cells to the
mice decreased significantly in the dietary restriction group. The effect of the diet
restriction on hepatic glutathione S-transferase activity was higher than that of the other
groups. These results suggest that the formulated diet has anticancer effect in vivo and
the diet restriction even increases this activity.
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Table 1. Summary of nutritional composition and food exchange list for the formulated cancer preventive diet

Food
(Exchange No. of food)

Exchange group
(Number of exchange)

Brown rice (2.2)
Job’s tears (0.3)
Sorghum (0.3)

Cereals (2.8)

Anchovy larvae (0.4)
Mackerel (0.5)
Doenjang (0.4)
Black soybean (0.2)

Low-fat (0.9)
Meat

bstitut
SUBSUIUTC ) fiddle-fat (0.6)

Small water
dropwort (0.4)
o-kimchi® (0.3)
Sea mustard (0.4)
Carrot (0.4)

Kale (0.3)
Cabbage (0.3)
Purslane (0.3)

Vegetables (2.4)

Perilla seeds (0.02)

Fats (0.04
ats ( ) Black sesame (0.02)

Fruits (0.1) Apple (0.1)
Total

YOrganically cultivated Korean cabbage Kimchi

At

Weight Calorie  Protein Fat  Carbohyd Fiber
® (keal) (® (8 rate ()  (2)
54.35 200 391 1.36 41.74 0.71
9.38 35 1.98 0.35 5.60 0.19
13.40 45 1.28 0.34 9.87 0.05
8.36 20 3.55 0.50 0.08 0
6.68 25 4.78 0.49 0.07 0
10.14 30 3.68 0.76 1.73 0.35
3.63 15 1.50 0.64 0.68 0.16
1.83 6 0.37 0.22 0.56 0.34
2.32 6 0.31 0.11 1.40 0
3.51 8 0.37 0.06 1.34 0.50
2.89 10 0.30 0 2.05 0.24
1.37 4 0.60 0.10 0.29 0.14
1.82 6 0.36 0.05 1.13 0.17
3.40 10 0.69 0.09 1.76 0.36
0.17 0.9 0.03 0.07 0.03 0.03
0.16 0.9 0.03 0.08 0.02 0.02
1.82 5 0.02 0.03 1.23 0.07
125.23 426.8 23.76 5.24 69.58 3.33
zA Aol & & A &4 A 2] T (Pre-treatment; Pre,
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Ttk o Aol A w2 3l T 4
g/mouse2] Aol & AFsllonmz Aol
2.8 g/day/mouse®] ZA|AolE FF3} ) =T
o & up$o] FFAE(346 keal/100 g, FElLh
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180 FHAEE olAstal EEARE AR
FTUAE 0|4 tzT& Fol AL sl vhFig.
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(1) SLMIE: Balb/c mouse®] H7F o] 157L
HA o2 Aujuleksle] B E3I 9 sarcoma-
180 A|ZE A¥E Zok T2 AL3lHc) = A
HE T Erl oA 1597 viekE sarcoma-
180X EE &2} $h7] 2|3} phosphate buffered
saline (PBS)¥} &7 44%2](1,200 rpm, 10 min.)
slo] ZokAlEE Eelaigich Helg AEE oA

PBSol| F-fA1A 2% A4 Eelsle] Ade Al
A F 1.0x10° cellsyml7} HEE ZUAE 2§
g wkEo] | mAE ST o] 4 HE
HA Aol A-gstedct.
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(3) OFA HIZOI M2 natural killer (NK) M=
EI-A-I Alé{- Balb/c u]-—?—/kﬂ ]zl—& _‘,3_:,;1-;@ R4
2 &3ko] penicillin (100 U/ml), streptomycin (100
pg/mh)E -3 5 mle] RPMI 1640 wA| 2 33]
AR %, FA vpfiakict. o] AERFHE 70
pm nylon mesh@ oJF}A|AHA] YA EE|sle] F=Z

E 22 t2 histopaque-10775 o] -&3to] YA

22](500xg, 30 min, 18°C)sle] FIZFLE He|s}
gt 2" AEZE 10% FCSE 43+ RPMI

1640 vl o] A& Ers}aL 37°C, CO, incubatorel] A]
1~2A17F Wi FAIA A AZE7L wiF Feb223(6 cm
petri dish)oll F2= 25 gk ¥ n|R2A AEE
AAEEE Bl Ak wikuxlol A E
A7 g AR AEFE AFete] AgelAt

4w

| Normal group

Control group

Pre-treatment group

Co-treatment group

| Dietary restriction group

Injection of sarcoma 180 cell

w : week, [1: commercial chow diet treatment, CJ: formulated diet treatment

1. Experimental desl%n for treatment groups of the 5 week-old male Balb/c mice.

outel o & *}04 AgAel|A] 17Y Aoz A

NK cell &4° 4L Yac-1 mouse lymphoma
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cellS target cellZ, MTT assay ¥H772 o] &3}
Atk 96 welloll Yac-1 AZE(5x10* cells/ml)2F NK
AZE(1x107 cells/ml) PereBg Z+7F 504 S A
7}sled 37°C, CO, incubatorol] A wiokstgdc}. 3
Zoll MTT (5 mg/ml)-&HS 1004 7}t 37°C
oll A 4A17F wllokgt o}2 10% SDS-0.02M HCIH
2504 & H7lsto] A2ollA 3087 A7 F
oll 540 nmell4] ODE ZA3}3ch Cell cytolysis
percentage= O}l FAol A AlAFsE )

OD of non-lysed target cells
—OD of effector cell

Cell cytolysis (%) =
OD of target cell alone

@) ZHLHQ| lipid peroxideZF 2} GST &M =AH:

-2 AFEEHE o83l XAAZ F
4°C o]3}e] AJe] AldTE Zhe Frste] 7+ el
doldle NS AAG & s A=
Z+z% 1 ¢ @ 0.1 M potassium phosphate buffer
(pH 7.4)5 7Fstod ¥luslollA] glass teflon homo-
genizer2 whl3FA ). o] wlafol-S homogenate
Fo 7 dgon, o]AL 13,000 rpmollA] 1087+
AAE=skaL vhA] 105,000xgoll A 1A 7F &7t &
AAEeste] A2 4SHE cytosolEF o2 3}
it o]8 Al 91 homogenate H¥- lipid per-
oxide 3 ZFAol, cytosol £2- glutathione S-
transferase A Aol o] &-s}9ic).

@ Lipid peroxide® =X; Ohkawa$?¢] W
ol £3ted 10% 7+ 2K 0.4 miell 8.1% SDS 0.2
ml, 20% acetate buffer (pH 3.5) 1.5 ml¢} 0.8%
thiobarbituric acid 1.5 mlE 7}k & 95°Cel|A] 14]
ZF ¥k A7 ek Aol 4 n-butanol : pyridine (15 : 1)
5.0 mi¢} H,O 1 mlE #H7}sto] 2 4o 3,000 rppm
of A 157 AAEelsdet. 249 n-butanol:
pyridines& F3te] s34 532 nmollA 1 FF=
5 A%l ZFTA Fulo 1 g 23
1 g malondialdehyde nmole® ¥ A]s}it}.

@ Glutathione S-transferase2| &M =3, Habig
52¢] kol F3led 0.1 M potassium phosphate
buffer (pH 6.5) ol 0.04 M reduced glutathione 75
piet EANS 0.1 ml ¥al blankollRF 20% trich-
loroacetic acid 0.5 mlE 7}l 25°Coll A 587+ wb5-

Al Zct. Blanket A& ZHZtel] 0.12 M 1-chloro-2,
4-dinitrobenzene 2511E 7}slo] 25°CollA] 287+ wHE
SA7]aL A&l 20% trichloroacetic acidE 7}k
3 A EEsl] A AEHE 340 nmellA FF
55 ZA390 34 ZA9 ele 1E st
protein 1 mge] A3k 2,4-dinitrobenzene-glutathione
9] nmole™& FA|8}Act. kAo 3heF2 Lowry
579¢] bl F3}0] bovine serum albumin (Sigma,

USA)& EFFLE 3to] ZHe)
5) SARNE|
zrd 7t AagERy L APAsES
ANOVAE g * SAS systemoll4 Duncan’s
multiple range test (p<0.05)5 °©|g&3}o] FAIEA
= 3

e ot

1) 2t Zo| OPA9| NSHS}

ARAA 1797 A3AZ 5577 2] Balb/c
-2 ST E uiro] AdS s dvhed A
% 22.3~233 g). A¥o] R wpe} F o
A& ARFEE Ao AIRIEDR, 4 we A3 v
w2 Tl A= AlFoe] F7ksle] 2Foll= 2 gB K,
Ag o] upA Rl 8ol 5~7 gol F7sldich
AT FHAZE FAS =T AFSUt
E ARl Aol & vrERHA] 2bSkth(Table 2). Al
EAAETEPre, 4 wo AFs7he AT
H| =3l AL Al 25 A A Bl (Co, 0 ) B}
vzt ot Sl Xl dzTe] 7HE AlF
S77F ek g Aol Al A5 257kl
AF4aE vebyom APFsAdE A3 =
719] AFHe} F& 7kel 208 g2 vERHYCH

=

2ol S7HE Ve, Al 84X 2l (Pre,
-4 Wy A ZEFA A 2 F(Co, 0 w) =TI F
AsAL eh4 ZH4skelar, Aol Al (DR, 4 w)

< AT BEE LTS ¢ 7 A AR
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Table 2. Changes in body weights of Balb/c mice during feeding the experimental diets for 8 weeks

Group 0w 2w 4w 6 w 8 w
Normal 222+1.7%% 25.0£2.0° 24.9+2.1° 25.8+2.0" 27.542.8"
S-180+C? 23.3+1.5° 25.442.3° 25.7+2.0° 27.8+2.2° 30.0%1.6"
S-180+Pre (-4 w)” 22.6£2.7° 25.142.6" 24.2+2.4° 24.9+3.1° 27.042.4™
S-180+Co (0 w)” 224+1.4° 249+1.7° 25.3+1.6° 26.2+1.4° 25.8+2.5°
S-180+DR (-4 w)” 22.4+2.6° 19.2+2.9° 19.8+2.8" 19.842.7° 20.8+2.0°

Normal and S-180+Control group were fed with commercial chow diet and other groups were fed with experimentally
formulated diet during the experimental period. At 4 weeks, 7 day-old sarcoma 180 ascites cells in the mice were s.c.
transplanted into the left groin of inbred strain.

YRepresents 5 week old mice

?S-180+C: S-180+Control group (fed commercial chow diet),

9S-180+Pre (-4 w): S-180+Pre-treatment group of the formulated diet at initiation (-4 wks)

93-180+Co (0 w): S-180+Co-treatment group of the formulated diet at 0 weeks (sarcoma-180 injection) after feeding
commercial chow diet from initiation (-4 wks) to 0 week.

9S-180+DR (-4 w): S-180+Pre-treatment and dietary restriction group of the formulated diet at initiation (-4 wks,
restriction rate; 30%)

9Values are meantSD; All mice were sacrificed at 26 days following the transplantation and tumor weight and organ
weight were measured.

“"*Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.

Table 3. Effects of experimental diet groups on the immunoorgan (spleen and liver), heart and kidney weights of Balb/c
mice” with sarcoma 180 cell transplantation after 4 weeks

Diet group Body wt. Liver/body Spleen/body Kidney/body Heart/body
() wt. (%) wt. (%) wt. (%) wt. (%)
Normal 27.542.8" 6.0+0.8" 0.4+0.0° 1.6+0.5" 0.5+0.2"
S-180+ Control 30.0%1.6" 6.5£1.0" 1.30.1° 1.6£0.3 0.3£0.0
S-180+Pre (-4 w) 27.042.4% 7.2+1.5 1.0+0.2° 1.3+0.3 0.5+0.2
S-180+Co (0 w) 25.8+2.5 7.2%2.0° 1.0+0.4° 1.3£0.5 0.60.2
S-180+DR (-4 w) 20.8+2.0° 52+1.7° 0.5+0.1° 1.00.4 0.5+0.0

YThe explanation is the same as the footnote in Table 2. NS: none significant. * “Means with the different letters in
the same column are significantly different (p<0.05) by Duncan’s multiple range test.

735 7t F7boll A9 HolE HolA ¢kgtrh(Table & JERNG I, AEHAXEF(Pre, 4 W) 4.1 g&
3). 2 20%7F A= A 8FAH el H(Co, 0 w)
= 34 go® 33%7F AAERE A BFAIA 2Tl
Y a3t £k 3 A AR Aol ARt
zA el 5 AFA nhg-2=9] el 8l Ao] (DR, -4 w2 3.1 g2 39%7} Al F|o] FFe] F
zﬂ‘“P«] B35 A7) 9 S-180 YAEE o AF 7B Dkkp<0.05). 2B AT F%F
A3 F 260l vk AR A S A A2 Eule AZFAAET(Co, 0 wyol E¢ A
sto] BAH FFTFAIE FEsAK(Table 4). & Al Eo] 7H %
FAEE o]A)3t 2o ZFar|E 5.1 g+0.7
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Table 4. Antitumor activity of experimental diet groups
in tumor bearing Balb/c mice with sarcoma-180 cells after
4 weeks

Diet Tumor Inhibition
weight (g) rate (%)
S-180+C 5.1+0.7° -
S-180+Pre (-4 w) 4.1+0.7° 20
S-180+Co (0 w) 3.4+0.6™ 33
S-180+DR (-4 w)" 3.1+0.5° 39

" The explanation is the same as the footnote in Table 3.
“"“Means with the different letters are significantly differ-
ent (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Effects of experimental diet groups on the natural
killer (NK) cell activity of the Balb/c mouse splenic cells”
after 4 weeks of transplantation of the sarcoma-180 cells.
Target cells used were the Yac-1 mouse lymphoma cells.
Effector cells and Yac-1 cells were added, to each well
of a 96-well plate (final volume: 100ul/well). Determina-
tion were carried out after 3 days later. "The explanation
is the same as the footnote in Table 3.
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up29 mAS FEHoR HEste] Al
HANZENK cel)e] AE ZAsIAcl Effector
cell (NK cell) : target cell (Yac-1 cell)9] B]&o] 50 :
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Fig. 3. Effects of experimental diet groups on hepatic lipid
peroxide content in sarcoma-180 treated Balb/c mice"
after 4 weeks. "The explanation is the same as the foot-
note in Table 3. * Means with the different letters are
significantly different (p<0.05) by Duncan’s multiple
range test.
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Fig. 4. Effects of experimental diet groups on hepatic
glutathione S-transferase activity in sarcoma-180 treated
mice” after 4 weeks. "The explanation is the same as the
footnote in Table 3. * “Means with the different letters are
significantly different (p<0.05) by Duncan’s multiple
range test.

(Co, 0 W) 37% LE|3L A} o] A FT (DR, -4 w)
< 41%2 AYL 8 FHAE Al dzdEy
Aol =A ebwkrl. Effector cell (NK cell) :
target cell®] B]ES 100 : 1Z2 A2 vl A&
AA T 56%, AZEAXAETE 40%, AolAl
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2 64%Z Yac-1 mouse lymphoma cellol] tigt
natural killer®] A|3Z s} A2 Qhol|WlzA]4] o]
HelollA A F7 EFYA o] ZA|XolE 4
o] A|IRHDR, -4 wystl= il ©] & ZAS vERH
AckFig. 2). o] B¢ AEBAA o] FAIH T
Hop gA4o] =t

5) 2t LHQ]| lipid peroxideZFn} GST EAM His|

Lipid peroxide (malonedialdehyde nmol/g of tissue)
Fe 248 A AT 85, FFALE o
A% 2T 1512 FREAES ol AJelo] 7
SAA ] FAol A F7Hp<0.05EH R T &
T AchFig. 3). L} sarcoma 180 A|EE o] 4]
gk ol srellzA 4ol & F5et3l& vl malon-

dialdehyde kol F23Q #HEE & 5 Uk
A 5AHA= T A EFAA TS 42 111, 103
o7 gheFo| FHaslglerl] 53] Aol Al 85%
AT A AR F4AE Ak (p <0.05).
7] GST %A (nmol/mg protein/min)< A"
o] 5155 YEAN A, FUHAEE T3k =T
oAl A& 2942 fFolH o g ZrAaE U rh(p<0.05). Al

BRAAR L 307, ABFAA TS 3222 F%
AZE2 Eo]3l tzTo) vlste] thx =731
uk 2)o] A gk (DR, -4 w)S 439F FokA|E7}
o] A5 Aol FFAEE FoIgk tlzTof H
stod §ol2Q F7Hp<0.05)E VFERUTHFig. 4).

| =

B Ao g2l gtdluAle] Aube]
o 2 skagle] o] AAsle AEel v,
T, '8 o ARF, =M AT 2 =
nite], AY, 48, U]O:‘ MAaFot szfF 2
g2 goanyt 44 g AEAES =y}

H

AR (Fr71 =X E °'76’*P HI& 2 4o el
ZA X o] & wHEIl, sarcoma-180 A|EZE o] A3t
vhg2soll A o) 2AHole] PeraNE 3
AslA ). Firolli= caffeic acid, ferullic aicd, gallic
acid, ellagic acid 52| oJ2] 7}A] phenol 3}3HE,"
ZAX] ol [rsitosterol, FAol] 3fFEo] Q)= geni-
stein 5, I8l A& FLo Eo]d+ vitamin
59 BAYE st

C, E, [+carotene, flavonoid

: Sarcoma-180 YAIE o] 2] up-g-2of

|4 SbollbzA]|Ale] gl Alo]Aldt Z2F 105
HIHE ob e} bk AL gvkar e A ik
2 AT AellA grelldzAlA el 7t S E
Ak AA T AMAMAFL ZIol O u] ] FA o]
IAE S7EAE @St

kA, e A A= =AA o] A el
Aol wal wabel] vhae] Xpo|7h Uik
X{j«];]?it;}“ E/K]XJB]:;’-O] o]—O]—_QJ—/(-]o] ll‘—O]—*‘
w Aol A& Agtslls Wl 7P Rk Lnk
HoZ AolAlgh hhAlS JAAZIT B
=3t gleh"” Muhkerjee’s & 2ol Algto] A7 A
o] AAE FEAFeH, ol el angioge-
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