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Chemopreventive Effects of 5-Fluorouracil and Lactoferrin on Goldfish Intestinal
Carcinogenesis Induced by 1,2-Dimethylhydrazine
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The present study was carried out to examine the chemopreventive effects of 5-fluorouracil (5-FU) and lactoferrin
(LF) on goldfish intestinal carcinogenesis induced by 1,2-dimethylhydrazine (DMH). DMH was given to fish by in-
traperitoneal injection in a dosage of 15 mg/kg body weight once a week for 6 weeks. Eight weeks after the initial DMH
injection, fish were randomly divided into 2 groups, control and LF-treated groups. Control fish fed a commercial diet.
LF- treated fish fed a commercial diet with bovine lactoferrin (oral administration at 200 mg/kg body weight/day) . Ten
weeks after the initial DMH injection, each was divided into 2 groups, saline- and 5-FU- treated groups. Physiological
saline for freshwater fish (0.75% NaCl solution) in the saline-treated fish and 5-FU dissolved in 0.75% NaCl solution in
the 5-FU-treated (75 mg/kg body weight) fish were injected intramuscularly three times every other day, respectively.
The mean number of precancer cell foci (PCF) per intestine was 2.7 in DMH treated fish. PCF showed broader distribu-
tion in the entire intestine derived from DMH-treated fish. LF-only-treatment has no effect on the number of PCF. Mean
number of PCF in 5-FU-only-treated fish decreased in comparison with that of the saline-treated control group, though
no statistically significant reduction in PCF was found. But if 5-FU treatment was added to LF pretreatment, a statisti-
cally significant reduction in the number of PCF was observed. Pretreatment with LF for 2 weeks also reduced the
deleterious side effects of 5-FU.

Key words——5-fluorouracil (5-FU); lactoferrin (LF); precancer crypt foci (PCF); 1,2-dimethylhydroazine (DMH) ;
biochemical change; side effect
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Fig. 1. Changes in the Survival Rate of Goldfish Treated with
a Chemotherapeutic Agent, 5-Fluorouracil (5-FU: 75 mg/kg
BW/day)

In LF-group, goldfish were fed LF for 3 weeks before the agent treat-
ment. C-S=control with saline, C-FU=control with FU, LF-S=lactoferrin
(200 mg/kg BW/day) with saline, LF-FU=lactoferrin (200 mg/kg BW/
day) with 5-FU.
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Table 1. Changes in the Number of Red Blood Cells, Granulocytes and Lymphocytes from Goldfish
Treated with a Chemotherapeutic Agent

RBC Granulocyte Lymphocyte
(X106 cells/mm?3) (X104 cells/mm?3) (X104 cells/mm?3)
On week 2
Control group
C-S* 1.24+0.11 4.68+0.46 a 2.37+0.32a
C-FU** 1.22+0.11 3.95+0.22 ab 2.27+0.34b
Lactoferrin-treated group
LF-S 1.32+0.06 5.29+0.83b 2.63+0.47
LF-FU 1.23+0.07 5.98+1.02a 2.73+0.28 ab
On week 4
Control group
C-S 1.23+0.06 5.04+0.48 a 2.10+0.42 ab
C-FU 1.29+0.05 4.28+0.53 abc 2.36+0.28
Lactoferrin-treated group
LF-S 1.28+0.06 5.47+0.62b 2.78+0.43 a
LF-FU 1.27+0.09 5.78%=1.11¢ 2.75+0.52b

5-Fluorouracil (5-FU), a chemotherapeutic agent, was administered intramuscularly three times every other day. In this ex-
periment, goldfish were administered orally lactoferrin (LF) for 3 weeks before the agent treatment. * S=saline. ** FU=5-
fluorouracil (75 mg/kg BW/day). Data are given as mean+S.D, n=35. a—c; The same superscript in the same period indicates a

significant difference (p<{0.05).
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Fig. 2. Changes in the Phagocytic Activity of Granulocytes
from Goldfish Treated with a Chemotherapeutic Agent, 5-
Fluorouracil (5-FU: 75 mg/kg BW/day)

In LF-group, goldfish were fed LF (200 mg/kg BW/day) for 3 weeks
before the agent treatment. S=fish injected intramuscularly saline, FU=fish
injected intramuscularly 5-FU, Data are given as mean+S.D., n=5. a-d;
The same superscript in the same period indicates a significant difference (p

<0.05).
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Fig. 3. Changes in the NBT Reduction Activity of Granulo-
cytes from Goldfish Treated with a Chemotherapeutic A-
gent, 5-Fluorouracil (5-FU: 75 mg/kg BW/day)

In LF-group, goldfish were fed LF (200 mg/kg BW/day) for 3 weeks
before the agent treatment. S=fish injected intramuscularly saline, FU=fish
injected intramuscularly 5-FU, Data are given as mean+S.D., n=>5. a-c; The
same superscript in the same period indicates a significant difference (p<<
0.05).

Fig. 4. Precancer Cell Foci (PCF: circled) Formed in the
Gastrointestine of Goldfish Treated with a Carcinogen, 1,2-
Dimethylhydrazine (DMH)

DMH (15 mg/kg BW) was administered intraperitoneally once a week
for 6 weeks.
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Fig. 5. Changes in the Number of Precancer Cell Foci (PCF)
Formed in the Gastrointestine of Goldfish Treated with a
Chemotherapeutic Agent, 5-Fluorouracil (5-FU: 75 mg/kg
BW/day)

In LF-group, goldfish were fed LF (200 mg/kg BW/day) for 3 weeks
before the agent treatment. S=fish injected intramuscularly saline, FU=fish
injected intramuscularly 5-FU, Data are given as mean+S.D., n=5.

a; in the same period indicates a significant difference (p<<0.05).
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TW5. HEOFERE, DMH UBICES F2F 3
JI5 D PCF JERGEFRICHBWT, 5-FU 23 IHIBIC1EM
L2 EERBT S, 7220, FAED ACF IZiZ
REHDORBEZHORuHEDSH D ERITHEED S
DONHBDIENREINTNBEDZ EhG, 514,
D PCFIZDOWTHHLUOHESRN D CTIEE 50
BENOBRFHINETH 5.

LF O¥M# 5 (LF-S#) &, DMH ULEIC X3
F>F alN O PCE BRLICH L, HIHZIRERS
Teno/-. ElRUL7Z&Sic, DMHIZ, Fhr7OA
P-450 ZOHTH, CYPIA2 Tid7zz<, CYP2EL IC
KD EITAMAENLEZ1T 5.2 LF 0 51F,
CYPIA2 O H 2 M9 %73, CYP2El H D 1
B RO RIS EZ TS BN &
MMEINT NS, 22 =721, (LSRN KNI
TSN/ T v hADLF #5113, ACF O]
MEBEICTIER L T2 0B ERRICHADSERZD,®
KB, Wk, &, B, FiTHBT2FHN A ZE M
L, DADEEHED I 0T 59 E0RENDH
%. LF 0513, oA KBHGEEZmD D,
HBREAEHREZKELRZD, BRNHIEORLMHEZE
R (AEMEMBHOMMEEZMEIE) LIS
EMmEINTVWS 4 2D 7w, LF ) DMH
 AOM FEDOENPAFEYME O GITHI S IS
N3N TO PCF &% W ACF O EFEICH
WT, M#ZEMIZTIE® S, HIGERZAEL Tnhs
ARETEIEE W, 2L, AR ORERIT, LF 23%
MAMBICE 21 2 T EHOMBIN R EET
LZHRERETENBOO, TOE—T g CHMICBN
Tl, PCFEZHAPLIE2IFIEDEL WREE
(G R ZERNWIERZRELTNS,

—7, 5-FU & LF OOt 5 TIE, BE2ME
720 D PCF 72, G GHGNS 2 BFER &
O 40 E BT, AHEAEKEE (C-S) BT
NTHRICHAL, ZOFHEEIZHRE DK 30% I
FTCHEFLAE ZO#RIE, LFIX5-FU O E/EH
PUET L L, W, HIAMICERL T, F
>F a DFWNITIERR S 7= PCF 2 5 9 A
B2 EZ2RLTWS, 97abb, LFIL%E#E
FHRIOERZRmDIZ I E2EKT 5.

3. LF (C& % 5-FU QRIEFRAEEA O (C2hFRE

M FHEADS-FU 513, U W RS i
PEIG RS D WALERIEIR & 2 HUTRE D BKAE RS D &
B EERITINA T, & O B B 0 i <o R B 1 il
%, MHEECEBREORES 23ISR IT I &4
5N TWND, 849 fEEAAD S5-FUKE (50 mg/kg
REEZ 1 BB I3 mE, HRNES), 13, BN
DM ES KGR BEECE A B I (2 A%
IHZHOD, TNLINIIMIEHLEE, FhiEkO &
BT NBT ZooiE !, BE - MK - Bigoyts
BEMMEE L NV TOMBGRICRERBLE L IR
Mo/ 7 LrL, DMH LB MAIZRT % 5-FU 5
(FiR? CTHEAL7Z 1.5 580 75 mg/kg AEEZE 1
HBEIC3mEEs) 1%, ERFOEFICmA, 28
I ISR R L DA %0 [F] NBT J2ILiE 4 DX T
Z, 4 AMBIIZN S ITIA THEERO & BIE Mt
KFZEHENZ SEOERRTIIGE - Tk - BiEE
2BV 2 AHAERZE b0 15 N A D ECO LR I B 9 2 3
BElTo TWiaWee, &lEiOA&BEEEEREICE
BEkTHZEETERY. LML, RIHD DR
ZMKT5E, A< &b DMHUEIZE ST,
HEMEAR EH > TWDHAAD 5-FU K5, £0
EMEREDA TR, BNREFICOAOEE F]
TER) % RKIE LTz mTREMIE &,

Zhicxt L, LF & 5-FU oA 5m T, k
7L 5-FU ORIERAMNEL <IN TWiz, Tkb
5, DMH QLB D LF %513 FD#% D 5-FU #%
BATPES BIER 2 A BT L 7z

RO FEIZ, DMH UEIZ X D IGICRINAIRE
MifaE (PCF) Ok ZFHFEL ZMAND 5FU &
LF Ot &G NEEICPCF 0¥ Z2HAPIED
(LF O 04513 5-FU OFED AMHIZNR 2 (et 3
%) Z &, LF 0513 5-FU ORIMEM 2 %3 %
ZEERTHBDTHS. LFIE, 5-FU LFHICH,
MTX Z 5| H QL EFEFN OG> TAHEL 21
2 QDEIWERBE R Z2FD.7 4%, FAENSRED
HPAZPNT 2 & & DT, PIDARIOEECEEEZ
FRBETONLEIH DN, ZOfEIT, LF 01k
FEEAE OO GD, ALFEIER O RIVE B
WHETHDEN0 T, {LBEEFIOEIEMT
b HPEBNREWE®RT S, T/4D5, LEF RN A
BRICBWTHERRIREMEME L 725 TREME O &
WZEZERTEERD.
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