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Lactoferrin Reduces Physiological Dysfunctions of Goldfish Induced
by Chemotherapeutic Agents

Kiyomi TAKASE and Izuru KAKUTA*

Department of Biological Engineering, Senshu University of Ishinomaki, 1 Shinmito Minamisakai,
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We investigated whether the deleterious side effects of chemotherapeutic agents on the physiologic functions of fish
could be modulated by lactoferrin (LF) . Goldfish, weighing about 25 g, were treated intramuscularly with methotrexate
(MTX: 2.5 mg/kg body weight) and fluorouracil (FU: 15 or 50 mg/kg body weight) three times every other day. In con-
trol fish fed a commercial diet, MTX induced severe immunosuppression, increased the number of total bacteria and En-
terobacteriaceae in the intestinal tract, and caused intestinal damage such as lowered and thickened mucosa and thinned
muscularis externa, with moderate renal dysfunction. A few fish treated with MTX died. In fish injected with FU or FU
plus MTX, the side effects were slightly less in comparison with those in the MTX group. Pretreatment with LF (oral ad-
ministration at 200 mg/kg body weight/day) for 3 weeks reduced the deleterious side effects of MTX and FU. One in-
traperitoneal injection of LF (200 mg/kg body weight) immediately after the first MTX injection also reduced the side
effects. These results show that LF reduces the physiologic dysfunction of fish treated with chemotherapeutic agents.
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Fig. 1. Changes in the Survival Rate of Goldfish Treated with
Chemotherapeutic Agents
In LF-treated group, goldfish were fed LF for 3 weeks before the agent
treatment. LF-treated group: LF-S, LF-M, LF-F and LF-MF groups.
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Fig. 2. Changes in the Phagocytic Activity of Granulocytes
from Goldfish Treated with Chemotherapeutic Agents

In LF-treated group, goldfish were fed LF for 3 weeks before the agent
treatment. S: saline, M: methotrexate (2.5 mg/kg BW/day), F: fluorouracil
(50 mg/kg BW/day), MF: methotrexate (2.5 mg/kg BW/day) and fluo-
rouracil (15 mg/kg BW/day). Data are given as mean+S.D., n=35. a—d:
The same superscript in each group at the same period indicates a significant
difference (p<{0.05). *Significant difference to the control (p<<0.05).
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Table 1. Changes in the Number of Red Blood Cells, Granulocytes and Hymphocytes from Goldfish Treated with

Chemotherapeutic Agents

Body weight RBC Granulocyte Lymphocyte
(g) (X106 cells/mm?3) (X104 cells/mm?3) (X104 cells/mm?)
Experimental A
(Oral adiministration)
On week 2
Control group
C-S*t 25.0+6.29 1.96+0.629 0.95+0.562 0.14+0.082
C-M*2 27.0+£6.19 2.39+0.420 1.47+0.320 0.194+0.10?
C-F* 31.5£6.39 2.47+0.169 0.89+0.669 0.28+0.139
C-MF*4 25.7+4.49 1.87+0.589 0.97+0.279 0.224+0.099
LF-treated group
LF-S 23.6+4.49 2.160.69? 1.95+0.809* 0.26+0.08?
LF-M 24.3+3.30 2.33+0.65 1.67+0.280* 0.23+0.05?
LF-F 25.94+5.59 2.39+0.999 1.79+0.979 0.22+0.089
LF-MF 25.7+4.49 2.49+0.659 1.56+0.349* 0.18+0.049
On week 4
Control group
C-S 32.6+£11.49 2.33+0.40? 0.99+0.189 0.28+0.03
C-M 30.6+10.8 2.174£0.50» 0.77+£0.25? 1.23+£0.05»
C-F 26.0+11.59 1.424+0.729 0.81+0.319 0.30+0.129
C-MF 28.3+11.39 1.88+0.539 0.55+0.30? 0.34+0.159
LF-treated group
LF-S 28.2+7.29 2.56+0.20? 2.12+0.619* 0.34+0.092
LF-M 26.3+4.99 1.80+0.67% 1.50+0.399* 0.29+0.08?
LF-F 31.9+7.89 1.55+0.579 1.99+0.500* 0.34+0.149
LF-MF 29.8+8.79 1.78+0.349 1.50+0.239* 0.214+0.08%
Experimental B
(Intraperitoneal injection)
Control group 21.1+3.2 1.14+0.36 1.52+0.46 0.56+0.35
LF-treated group 24.1+4.5 1.62+0.32 4.56+1.57* 0.96+0.61

Chemotherapeutic agents were administered intramuscularly three times every other day. In the experimental A, goldfish were administered
orally lactoferrin (LF) for 3 weeks before the agent treatment. In the experimental B, LF was injected intraperitoneally just after the agent
treatment. *! S: saline, *> M: methotrexate (2.5 mg/kg BW/day), *? F: fluorouracil (50 mg/kg BW/day), *# MF: methotrexate (2.5 mg/kg
BW/day) and fluorouracil (15 mg/kg BW/day). Data are given as mean+S.D., n=5. a—d) The same superscript in each group at the same
period indicates a significant difference (p<{0.05). * Significant difference to the control (p<{0.05).
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Fig. 3. Changes in the NBT Reduction Activity of Granulo-
cytes from Goldfish Treated with Chemotherapeutic Agents
In LF-treated group, goldfish were fed LF for 3 weeks before the agent
treatment. S: saline, M: methotrexate (2.5 mg/kg BW/day), F: fluorouracil
(50 mg/kg BW/day), MF: methotrexate (2.5 mg/kg BW/day) and fluo-
rouracil (15 mg/kg BW/day). Data are given as mean+S.D., n=5. a—d:
The same superscript in each group at the same period indicates a significant
difference (p<{0.05). *Significant difference to the control (p<0.05).
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Fig. 4. Changes in Thickness of the Intestinal Muscularis Ex-
terna from Goldfish Treated with Chemotherapeutic Agents
In LF-treated group, goldfish were fed LF for 3 weeks before the agent
treatment. S: saline, M: methotrexate (2.5 mg/kg BW/day), F: fluorouracil
(50 mg/kg BW/day), MF: methotrexate (2.5 mg/kg BW/day) and fluo-
rouracil (15 mg/kg BW/day). Data are given as mean+S.D., n=35. a—d:
The same superscript in each group at the same period indicates a significant
difference (p<{0.05). *Significant difference to the control (p<0.05).
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Experimental period

Fig. 5. Changes in the Number of Total Intestinal Bacteria
from Goldfish Treated with Chemotherapeutic Agents

In LF-treated group, goldfish were fed LF for 3 weeks before the agent
treatment. S: saline, M: methotrexate (2.5 mg/kg BW/day), F: fluorouracil
(50 mg/kg BW/day), MF: methotrexate (2.5 mg/kg BW/day) and fluo-
rouracil (15 mg/kg BW/day). Data are given as mean+S.D., n=4. a—d:
The same superscript in each group at the same period indicates a significant
difference (p<{0.05). *Significant difference to the control (p< 0.05).
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KIGEEEIL, 2HEMEICWSZATXNTORTH
Bzl 2. RN LEETIE, 28RBS
WT, C-M#, C-F#, CMF &3 CSBITHL
BRICEWEERLUZZD, (LEEERIZRS LR
ORICAEERZZRD N>/, LFH5RXKN
BT, SHMEICETR >, 4 EREICS
WTIE, MK, LF&RGXREBIZ, A—RKNDOH
HMICETED SN .

MHEX E LF &5 Xk TiE, 2HEHE, 48
RH & Hic, LF-S#, LF-M B, LF-F#, LF-MF
BEL, C-SH, C-M#, C-F#f, C-MF BHIZXL,
ThEN, AEIEWEZRL .

2. (EFEERZRGSHAR B (LF OFEERERNE
S5 E) WEEBEMOLF & HERWIM T, fH
DEVWEZERIFTHo . MEEORIZHBNWT, KEH,
REICAERREZIZD SN 7.
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o
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The number of intestinal
coliform bacteria (10°CFU/g)
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On week 2

Experimental period

Fig. 6. Changes in the Number of Intestinal Coliform Bacter-
ia (Enterobacteriaceae) from Goldfish Treated with
Chemotherapeutic Agents

In LF-treated group, goldfish were fed LF for 3 weeks before the agent
treatment. S: saline, M: methotrexate (2.5 mg/kg BW/day), F: fluorouracil

(50 mg/kg BW/day), MF: methotrexate (2.5 mg/kg BW/day) and fluo-

rouracil (15 mg/kg BW/day). Data are given as mean+S.D., n=4. a—d:

The same superscript in each group at the same period indicates a significant

difference (p<{0.05). *Significant difference to the control (p< 0.05).
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Fig. 7. Changes in the Survival Rate of Goldfish Treated with
Methotrexate (MTX)
In LF-treated group, goldfish were injected intraperitoneally LF just af-
ter the agent treatment.
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HREIZEN D=,

244, MBPAHAO—MMA A RE SEREXDS
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3.341.2,103.246.3 RN 102.0£2.3 TH- 7=, %
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2B D HERE S U8 LF B O 554 515 BE i g O J& 7
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DOICAERERZEITRD s NIRho 7.
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Phagocytosis NBT reduction
Fig. 8. Changes in the Phagocytic and NBT Reduction Activ-
ity of Granulocytes from Goldfish Treated with MTX
In LF-treated group, goldfish were injected intraperitoneally LF just af-
ter the agent treatment. Data are given as mean+S.D., n=>5. *Significant
difference of the control (p<<0.05).
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Fig. 9. Changes in the Thickness of the Intestinal Muscularis
Externa from Goldfish Treated with MTX
In LF-treated group, goldfish were injected intraperitoneally LF just af-
ter the agent treatment. Data are given as mean+S.D., n=>5. *Significant
difference of the control (p<{0.05).
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Fig. 10. Changes in the Number of Intestinal Total and
Coliform Bacteria (Enterobacteriaceae) from Goldfish
Treated with MTX

In LF-treated group, goldfish were injected intraperitoneally LF just af-
ter the agent treatment. Data are given as mean=+S.D., n=>5. *Significant
difference of the control (p<{0.05).
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5.0 Ulenio>T, HEEDOENGE -l
REMTRNEE @EER) 2200, ZOHEMI
N5, MIX of51F, FAETIE, 1-2H
B e 1 S5 iE R 1T, Y 4 HBICI3/NIB O bR
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INTW5S., FUS, FXFERKHIC, HEEROYO
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2. Fz, THEEEEFIORGEIZONWTIE, Bk
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MTX O#:51%, FUEGIZHART, SWRTE
BRI EEDIT, KREAEEEEZECIER T
BH5, MTX 051X, MEROESME, MmiEh
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IR R TEPE DT, BB BT SRR Bk
Do % EBEREREE M OSEE i O ZE e EELIC L 5
5 DR - FEARBAE - EBEFERE DR ENE L T
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S T 2B, #HGEANCHENTEHWENA SN
b0, EMARKOAZEGELEZCSHTD
DO EFANED NI ENDG, BRI CFEE
ARG OREITMAT, #5HRECkE> TELE
ARV ANEELEERTHLEZEZONS. 22
L, BADOKGERKIE, MTX OREICXDER
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EEEIZHS MR- Tldnwiang, FHRETIIE
WNIREE DEAIT > TRIGEBEEREMT 2 2 &n
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LF Q%GR X OHEAENITHBWT, En-
terobacteriaceae D ¥§FE A MHI L 7= 0, O #E
B.U 7= Clostridium sp. O SN A& L0 9
BIEMREINTNVND 202 Lizs>T, QK
DNTIE, AICBWTH, LFITK D HENME D
HIEHORER E LT, IBNMEOBE D S i~ D
BANE L MASN TR SN, =21,
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Ji5 b B #LAS D B A2 <, IGHRERIC B B B R
[& DEARA B 72 < EFERFITITVIREBICR 72T
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F (IL)-15RIL-18 E WS U A A 2 EH D
O THESTF 27 )F 77— (NK) MO
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T, AIZPNVWTH, LF DRFEEOIERETFICE DG
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IR SN o 72 hY) HLE & A BEE D 2
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LF OFHHiHGDOA TR, FARFK5ICE> T2
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AEND T LTk THENIZ, FRKOERZER
L-algettidd 5. Linl, ZOXS57 LF 0%
KOZDOHFBEFIZONTIE, INE THREHN
<, G, MIHICEZFFMIRHAEBNEINDS.

SRR U EB 5 TH 5 MTX & FU I,
EBICRHEEDA (A IEREDF, %BEF3IEY
SPUVERAD THO, MlHITED A TN TR
OR#EHET D ZLICKVEMEOIHZR<H
DTHDBH.PDLFIZDONWTIE, ZhsOEHAZHE
T25HD5VIMEREHEIT DR D EeEHEIE
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FrDBig o b2 RE# & LF OB &% 5Bz &
fEl, EREBEEIZONWT, TOEB/ZHSMNILT
WS HENRNH D EEZ S,

B®EBIZ, FEOERTIY, (LFEEEARG% 23
ME RO 4 AR HOEMBEREA L ZEEREELT, £
DEWERZFANDEEBHIZ, LFXRGICX5EIEH
B RERELZ. LHrLRans, [LEFEERO
BIERICIIXDEHMICGECZ 2500 H5EE525
NDTENS, G, LHEEALERE 1EBLAN
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