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Studies on the Treatment of Hepatic Carcinomas by Intraportal Infusion
of an Anticancer Drug —Prevention of Hepatic Dysfunction and En-
hancement of Anticancer Effect—

Hiroshi Nobuto

In order to protect the hepatic cells from anticancer drugs, we developed a
favorable method for decreasing the hepatic energy level transiently by con-
tinuous portal administration of fructose solution. When fructose solution was
administered continuously to the portal vein, it was metabolized into fructose-1-
phosphate by specific fructokinase in the hepatic cells, and ATP was rapidly
consumed. A reduction in the hepatic energy level was observed until recovery
of ATP, and rapid detoxication of high concentrations of the anticancer drug,
doxorubicin, also decreased. In addition, protection of harmful intermediate
metabolites or free radicals occurring during this process was inhibited, When
fructose solution was intraportally administered, total adenine nucleotides and
energy charge (EC) also decreased. Both recovered to control levels at 60
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minutes after the end of the administration, therefore and transient inhibition of
the hepatic energy level was obtained. The decrease in EC was remained when
both doxorubicin and fructose solution were infused for hepatic function. The
antitumor effects of concomitant use of doxorubicin and fructose were studied

using a liver metastasis model of colonic cancer in rats.

The metabolism of

normal hepatic cells was inhibited by the administration of fructose solution but
was not inhibited by doxorubicin. The elevation of GOT and GPT on the administ-
ration of doxorubicin tended to be inhibited., (Accepted on February 19, 1990) Kawasaki

Igakkaishi 16 (1) : 29—38, 1990
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doxorubicin BEHIFHMATRE X h 2,88
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CEEYE2 DD EIRTNS D

—77, FesdsR#ELRET B2 0E
BrSEITHEEL TR TEL.® okt
LIRHEER, =3 F— UNARCFEFLTE
fbL, E=F ¥~ vV TCRFERIEEY LS
HRBMPMET T 5 EEbis. in vitro itk
THHAER, EEEFAR % 5~10mM o BED
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phosphate (ATP L ®%3), total adenine nu-
cleotide IZRE < ET¥% Z & @bhTL
5. ¥ o, FIRAR fructose BT
ATHE, £HM fructose B H{ LT
BEIVEBECH= AL F— VARETX
BDHZEIRER, fEE~D fructose &K
DHEEYRNRICE EDH 52 ERREIRT
W3,

ThbDEENDL, fructose FWK % IR
HICHEAL, EXFMRONS L —a

HL T, WeotlERoR#»H 4L S free
radicals %4 X, FFHIREEXHILT5F
BaeERELL. o, FRBOMEIz—8H%
Tl b\ o, BFRBOCEATS
fructose FROBES B 5L 12, =
FAF—~VRAHREL TRBDOEBE L EAR
BIZXBREL. Ff, fructose BExFEEIC
HALAE &0 doxorubicin OFFE I 533
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RBMHELFE

I. E&B MK

A8 200 g i DM Sprague-Donryu rat
LUT7y b)) %, UTOERCHERL 7.

1. JF total adenine nucleotide, energy
charge (LA EC L B&7) D HIE © ik,
2 BRBEMER & KEKTHEE, EHAR
BinkrThORFERL K.

2. FFMRdEsEsE @ X % WEERHEL O
Ehic, MRLOFEY LY, 0.05% col-
lagenase(Sigma #-%1 Type DB I CIFx#
Wk, BEHEERTHAIFEIR A A%, 60X 8 (K
W3 EaqT - T FFEEMaE 8L, Type 1
collagen (Sigma #8) UEL /e h "~ 5 A
BETITAF 9y IV —VIREBE FARE L,
Z hic 1x10%cell/0.2 ml/cm? o &4 ¢ W
Friifax #&, 5% FhEMmE, 10-°M dex-
amethasone, 100 x/ml penicillin, 10 pg/l
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streptomycin » 41y Williams E £z (Sigma
HBD FWT, COpof vF o N— & —TH
EL, BEoRRHE, REO B T Rachk
L, 5% 24 BRi%icix, dexamethasone %
BR\u 7o BRI sci L, BEEBAIATE 48 Frfalik
BUIL DR ERCHEHL o, BEEEMAE 1K
ML, 12&A LD FEEM dish mEmHic
B, #5126 ~ THefH T spreading % 5E T
L, Bl ic. totk, MlakE
EVREE D, Bl HiRk, RPERME
3% L\ monolayer WL, BEIFHIED
H:hc % binuclear cell 1 HEI NS X 51T
Y, WOUEOLOTIELERE TIREFR
BCHEE T A LT E .
3. doxorubicin @ HEEE © ER T,

v P RBEOFER € 7 L% FRLOHIETIE
BLUCTHEALL.

(a) 55 P REFEOIER

MNNG (n-methyl-n’-nitro-n-nitrosoguani-
dine) % 0.5ml (2.5 mg/kg) »16 HHEEBH
CHAL, 23\ T DMH (1, 2-dimethyl-
hydrazine) % pFic # 1 [8] 20 mg/kg % 16
W E U CER L 7o, 91 FRERG5-Fm 30~
35 DR} & T 40 PUiT o\ T MR L
7= (Table 1), 10mm U FOEERED b DI,

Table 1. Carcinomas of the 40 rats intestine,
induced by combination of 1,2-dime-
thyl-hydrazine and n-methyl-n’-nitro-n-
nitrosoguanidine. (Cancer was induced
in 40 of 40 rats.) The incidence being
100%. (6.7 cancers were observed per a
tumor bearing rats.)

dysplasia
(mm) cancer
mild |moderate|severe

0~1.9 19 12 8 12

2~3.9 1 2 14 25

4~5.9 — 1 9 32

6~7.9 — 2 7 33

8~9.9 — - 1 46
10~ — — — 44

total 20 17 | 39 ] 192

FTNTHERZERNC cancer EHET 52 &EMNT
e

(b) 7 P REBEOHERE T L OIEH

PEBIL 748 5 » M % BAEL € B 10 mm
Ll EojERES fH L, £ 1/2% dispase I
TR E L, BREBEORMEIR L D 2x10°
BAEEALER L. Bo/ [EfiL, hema-
toxylin-eosine ¥ufs 1, cancer THrH T &%
MR LT,

4. FrilafEEORs IERR © Ehc, 28MH
ET G & KER CREBERE, EFSEERNY
AT DEREHAL .

0. £
1. total adenine nucleotide & EC o flzE
Fitk
pentobarbital sodium 50 mg/kg i X 5K
Wets, FRFM A BCMELCEEL, AR
Twexs ECoET % BjlkLic. 79 FDOT
MR NBRE I NERmETEHL, B
BEEIRRME 224G D Cona W 27 —T
(CRITIKON ##0) #3HAL, FHHEARY S
T fructose R A FEA L. HEA
BT, YIBIAI%Z LA IKARL T gy B
L, BEEHETAHI L2 HOL&BRA THIEY
Beir X oW BkE L e, BRAEEE, YIBR L7 R
lgextl, 2ml o 0.5N EERm% hnx TR
EHL, {EfET homogenize L7f4ic, ~<—
Y VH— ez VA AHBEES » PEEHAL
T, ko ATP.ADP. AMP * @zl EC
B ROKTEHE LK.
EC=(ATP+0.5ADP)/(ATP+ ADP+
AMP)1 12

7¢%s, total adenine nucleotide & EC 0%
b L, ROSKETHELBERL 1.

(a) 10%, 20%, 40 % fructose B,
20 % glucose R D A Ff %, FIREILE
RS 156 AR FftiE AL, EAEBRCHE
L.

(b) 20%, 40 % fructose ¥ % 15 73
REMIIRECIEA L, TEABALGER S, 15, 30, 60
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(c) 40% fructose ¥E¥% 15 S i
AL, EAE#, 5 15, 30, 60T HEL
7o

(d) doxorubicin 1mg/kg #7721k 10mg/
kg % 40 % fructose ¥y PIIRM 5 5[l
EADEHKCHEEL, #5#5, 15, 30, 605
THIRE L 7.

2. WRERERT AR 2R (31T B TRREHA
LD BE Tk

FrARBALATE 48 FEEIFEB L7cd © %, doxo-
rubicin 1 pg/ml iz 7% X 5 fihn U 7- 8555
WT 10 DR EEE L 7o B& &, fructose AW
% SmM/mlic/e % X 5 ffhn L fc 85 ©
5 4fEkE#E L7 #%, doxorubicin 1pg/ml %
BAREM T TI0 pHERL B LD
C, hematoxylin-eosin Hutt %47 - CHFHRYIT
Thb O REE BBEE L .

(BBl %1% 1990)

3. fructose LW A FEAL 7c& D doxo-
rubicin o FESAIEOHIE S
Z » P RBEOER £ 57 11z doxorubicin
(I1mg/kg) * 4 HH&14H B @ FMIRAC 8
LU, 280 BICERBEOH & RELPE L LB
B L. Fh, 7o b RBEFEMRE MR
PIC EEAR 4 HE i, fructose BE D 5 £
Bt AKX 1T\, 28H HOEBEOH & RE
DOWT LB L, BEBHERIL, £40%FE
B TR IR AR R (R D, IREERCER Y
TR L =,
4. 40 % fructose W HIEAIC X 5 HFHif
R SE DBy (R 5h R DFIE ST 1
doxorubicin (1 mg/kg) & B 5L 7127 »
b, 40 % fructose ¥§¥R 5 7 Fri AT
doxorubicin (1 mg/kg) % FEHELK 5 »
b, 40% fructose #¥ % doxorubicin (1 mg/
kg) #EDEENC 5 M FIEALE 7 v b,
£ 2 40 BN T 5 1 RpfIER, 6 BFRHIER,
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Fig. 1. Total adenine nucleotides at the periferal vein infusion (iv) and intra-
portal infusion (ip) of 10%, 20% and 40 % fructose solutions in rats. (mean

level in 10 rats)
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L bWT2HHEOEEEYRTEL k.

£ B B F
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EC ol R

(a) glucose ¥y, fructose I O EBEIR

15min infusion*:P <0.05 vs control

P& 22X PR~ 0 156 2 O FRtE AR The
o total adenine nucleotide & EC

HILE F » b (LU control )1 3513 5 Al
Fao total adenine nucleotide (£3.9+0.21 T,
EC1%0.71+£0.03 TH » . 10% fructose,
20% glucose BYR DFEHIRAY, FIRPIEEA T,
total adenine nucleotide & EC %, control
BeL RIS ERRL, FF=x ¥ — UL DK
TFidieh oz, 20%, 40% fructose FE DOFf
JRPS % 720X PIRAIEA T, control FRCHA
ATP o & ADP OHINCHERELZRL,
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T H~R20%, 40% fruc-

=
g 3 o 20% tose 7t & bic BRI
s= 407 =0 -40%
=R < |; % fET L7, PIRPITEALL
33 o * SIRISIE A Ho < ATP
SE 3.0 a * :
z2 7 < * oL, ADP O Hin,
¢ EC DIET M BEL 8%
T 2.0 AR L e B
2 o 75 hs ot (Fig. .
-
g q.0- < (b) 20%, 409 fruc-
e tose# e 154 I I
HRGREA R X % total
T T adenine nucleotide &
control 5 15 30 60 (min) EC o#mpyZ(L
i 20%, 40% fructose
0.75 1 ;r?fn:::ion ¥:P<0.05 vs control T A 15 AT AL R
0.70 - h > L & o total adenine
20% Fructose _ * nucleotide & EC i3,
g 0.65 1 T * _ fructose %W % FEAR
s % o S\UNIT
P 0.60 - WBHE 1540 F TLREWIE
< EFL, BAKTHIS
& 0.551 * 4, 455CH20%, 40%
g 0.50 - fructose B & I,
w ) control BEC K~ AEEIC
0.45 4 -+ WAL T,
= 40% Fructose total adenine nucle-
0 T T T otide o F&H Y &1k T

control 5 15

Fig. 2. Total adenine nucleotides and energy charge (EC) at the
intraportal infusion of 20% and 40% fructose solutions for
15 minutes. (in 40 rats) (continuous infusion for 15 minutes)

30 60 (min) %, 20%, 40% fruc-

tose WK & b ICHEAK
T 154, 454 T ATP
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DIRA, ADP oBEhnas control BT H~REE
THotz. L, 20% & 40 9% fructose ¥
¥ Tix, total adenine nucleotide iz 5 & 2%
Wishote. EC o @B ZE{ Tk, 20%,

40% fructose ¥ T & i control FHT H~N
50 CHBIRIETL, 20% fructose {E T
0.59 £ 0.049, 40 % fructose ¥¥ T 0.45+
0.038 L7s otz WAKTER (154MH) T,

20 % fructose ¥ ¥ T 0.58+0.071, 40%
fructose ¥y C 0.43+0.057 w{& FL, fruc-
tose B EFRBEEL THB 5005 1550
X, 209%, 40% fructose WK D=L

FU_NLDET L FEERZRL, FTLH
40 % fructose IFW DI 5231 D BET Ho
7o LasL, ECIlIIEAKTH 60 2 12785 T
% 20 % fructose ¥ T 0.66+0.047, 40%
fructose %% T 0.55+0.097 & & bic HE I
ETL Tkb, control FEDME F Ci [BIE L 7x
hoic (Fig. 2).

(c) 54ME154RD 40 % fructose B
FfiE A X % total adenine nucleotide &
EC DRz LD R

S5 pEDFEA DS E, EC OETIZEA
KT 5 HHICI0.52£0.071 FTEKL, 604
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Fig. 3. ‘ Chronological changes of total adenine nucleotides and EC at the intraportal
infusion of 40% fructose solution for 5 minutes (O) or 15 minutes (@).
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#iziy control % CEIELA. 7ok, 54
& 15 DESFEARM TR, EAKT 150H%IC
BREERR L. F=F 1 F— v+
ETzE, SHLRETS —@MkE 5 fruc-
tose K DEREIL 40 BOBEI KRBT, EA
FFE 5 AR ETH D Z &AL e (Fig.
3.

(d) doxorubicin 1mg/kg ¥ 71 10 mg/
kg LREMIIREY 40% fructose YR & D, #EM]
IRETEREEAKR TH 1 B8 17 5 total adenine

nucleotide & EC oZf{k

doxorubicin DEEEMN 1 mg/kg t3 10 mg/
kg OBETH, 40 % fructose B DB
ADEAH DI L L FRET, doxorubicin DL
i X - TiL, total adenine nucleotide & EC
~DOBEILH B R eh » 7z (Fig. 4).

2. fructose IR DHIfT fnOH LT X % doxo-
rubicin DO#FEMIGC S 2 % HREEHZEL
D3 |

doxorubicin 1ug/ml % fjnL #-EEEKIC T

g 40% fructose alone
o = N 40% fructose + doxorubicin (1mg/kg)
K o 4.0 - ;{ 40% fructose + doxorubicin ___ (10mg/kg)
o
T 304 NB
ERa § o
o
£
é 2.0 4 o
< <
2 1.0
-
0 v T ] 1 T
control 5 15 30 60(min)
0.75 1 vs control
0.70 -
o
2  0.85-
©
£
©  0.604
>
%
7] 0.55 -
c
i
0.50 -
0.45 4
P
0 T T T T T T
control 5 15 30 60 (min)

Fig. 4. Total adenine nucleotides and EC were chronologically measured in cases
infused intraportally 402 fructose solution alone (O—(Q), 40% fructose and
doxorubicin solutions (1 mg/kg) concomitantly (@—@), and 40% fructose and
doxorubicin solutions (10 mg/kg) concomitantly (A—AD.
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10 A REEE Ui d DTk, 960 % DA
EE BEARBEE C X 5 filaEofik (bleb-
bing) KB L7z, L2 L, #id - Tfructose
IR SmM/ml % & A CEER T 5 HfEgEL
724 OTI%, blebbing AHELL 7= FFEIfaTH
25 B WAL P,

3. fructose JFK % RIEA L 7c¥A O doxo-
rubicin O FifEERE

KGR EME A %280 B 0B EOFE
BERBERAD &, WILER CX, AR
4. 7TEC3 ~ 7T, £FRix4.0mm (2.8~8.0
mm) TH - =Diext L, doxorubicin (1 mg/
kg) # 4 HEIC #5 LTI, BBEOK,
BE LD FEAD Lz, Lo L, doxorubicin
4HH I S5 Uk, SOER LI2E
FREOEBE, BERLRL., AHBIC40%
fructose YW #% 5 /M FfREAL, ZOEHE
iz doxorubicin ##E LU - FETIX, 26HB D
BB 1.8, Bk 1.8mm Tk -7 (Table
2),

4. GOT - GPT oJIEREE
20% glucose, 40% fructose FEWEIEAR:D
BRI OBERTIE, GOT « GPT & LIt

Table 2. The number and diameter of the
metastatic foci at the 14th and 28th
days after intraportal infusion of free
cells (2x10%) of colonic cancer of rats
are shown.

\ 14th day 28th day
diameter diameter
Group number (mm) number (mm)

A 14.003~7) 2.3 |4.7(3~T7) 4.0
B 1.2(0~3) 1.3 |2.1(0~5) 2.2
C — — 4.9(2~8) 4.1
D 1.1(0~3) 1.4 | 1.8(0~4) 1.8

Group A : non-treated. Group B: intraportal
infusion of doxorubicin (1 mg/kg) on the
4th day after infusion of free cells. Group
C: intraportal infusion of doxorubicin on
the 14th day. Group D: intraportal infusion
of 402% fructose solution on the 4th day
for 5 minutes, immediately after intraportal
infusion of doxorubicin.

ui

7 (165 #H15 1990)

°

EDOLA%YRTLOLH -7, FHEETIEN
B & ZFELETI D - fz. doxorubicin (1 mg/kg)
DRI ETIX, GOT « GPT 238545 1 Befs
BXb EREFARLA. doxorubicin o Bifh
BE, kX040 % fructose IR FrfE A rFIC
doxorubicin 5L 725 » b TIX, 1K
1z GOT 73 150U/dl, GPT 23 70U/dl »##8x
DN AZBht. doxorubicin #EER I
402 fructose ¥E¥R A REMIIRAVIC 5 2 b
ALTBETY, GOT « GPT oiEED FHITA
DRIEAEEERT S v ORIV leh o1,
BEECIIED D - 2%, doxorubicin #5-
i fructose ¥y OREMINREIFRSEE AL,
faREEw 35 MHBHR ob 5= L3 HBL
7= (Fig. 5).

LU/
-
150
L
100 A
GOT
50
GPT
0 T T T T
control 1 6 24 72 Chrd

Fig. 5. GOT and GPT 40 rats

O—Q: Cases of the intraportal infusion of
doxorubicin (1 mg/kg).

@ @: Cases infused doxorubicin (1 mg/kg)
during continuous intraportal infusion
of 40% fructose solution for 5 min-
utes.

A—A: Cases infused doxorubicin (1 mg/kg)
immediately after intraportal in-
fusion of 409% f{fructose solution for
5 minutes.
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8, FRCYIBRREED £ RS EY
e O BRI, HIREFIORIRME 5235 %
BEORELEF T 50, EHC X 2Tk
BEE L R T I, Iods, SRR Rk E
DREBFCOWTE, AIhS2HY, Hl
RN, R IhLBET, EHoRKROEC
F &b iEEE PR Y B O b T iE
RBiEYHEL HedEE2BR T, M
M LT, EREESRE c BIUGE 2T
CCELERIFAVHELNIER TV~
ok, ZhbEEERHEERYETS\b
D HENREHENES DY, MaEEOFRINL, 1§
PR & MR o RERERIEG © BEE L O
EREAECHYRT. B, 7V - ran
EHOBERBICRENEELZHE TS L
WO AR A RS o0k h. SRIERAL:
doxorubicin iz X % fFflifakEEL, P-450 EIC
% (fp 2) MG L CHKIGOBETHRET S
7Y —SUNLRIVERBEINDEEZDNRT
WD D = DB, =5 ¥ — GE
WETHDH ATP BT HRIETHS. L2
<, Frmpal o ATP o Lo FEFIES- R
TxgTEIZ LRIy, R o FREAH
¥, 79 —35HhAOFREXIHIL, kR
EORAEXBBCTELLDEE L. SEIDHE
BAC, BEMIRMCIEA L 72 40% fructose ¥
OFIRPIFEE X, EE7 v FoLEEEY
#7 250 ml/min/kg!®1® L L, ZD# 40 %23
PRI @ TRAT 2 & D BENHD BT &,
3.7TmM s h. Z OEERE, it D BEREER
DEEC L N AR BETH D5, 40%
fructose ¥ D 15 HRFEHEAC X b fiF EC
11 60% ¥ CifE T L, Clark &' 23
D EC % 65% Bh el i HiEL i~
e+ 5. ¥, fructose VK % BRI O# IR
AT S E, ALK fructose K ILHIR
Mk BENECBaiMikcE:y, &5
N ET 5.

Rz s\ Cix, [Fdifatss o fructokinase
» ATP % j4# L C fructose % fructose-1-

phosphate 1= B§fig{t. 3% KIGAS, glucose %
glucose-1-phosphate Bt % KT H~
I &EHERSL, I bV P THECET
EER (RS @ 5 5 NADH ik HEH,
BEH CoQ, BT b 7 m— & COMALTET
bhn ADP & ATP i [EIfE X% 5% RE% LHE
HEER LY, 54D fructose HFKDEA
KT, Z2fic ATP oEER RS, L
s L, fructose ¥ OFFEAN, 15 0% 8
2BX5EWE, I P VYT ORRENC
LY 523X 5kith, ADP % ATP I
TAHRIGLEENRBNT, F=arF—1-~
L DEHEMET Biet ¥l T kAN BE,
OWTIE i osE%: 1< #RE78%. 40%
fructose ¥ D 5 D HHEAL L % fF=
FLF — VUL DEETIE, AR THILAT
T EAF—~ VLR TREEL, HMoR
FNIEE(T S, Fh, fructose FWDEA
X b PR ORE T ET T 52, BRED
doxorubicin AFFMIRENCIFEL TS, FF=x
LE—USAITEEN L, 0Lk, BEK
ELETFLCWASd 7Y -5 HrDFEED
maElxh s, = ofER, doxorubicin #5EH]
12 40 % fructose ¥¥E & 5 2, REFIIREIC
BEEAL 5 » FTIE, GOT - GPT 0 LR
FRWTHENTERLLDEELDNRD. &
CCREL B DL, Ty PBFS GOT -«
GPT o LFix ¥ o BEFMiaEELIHMTL T
WIS %2 Cdh 5. doxorubicin % B TS
Libd, 40 % fructose FRAEHREAL D
DT, F 4 40 TUTDW T EREHNCIIE L 7k
# GOT « GPT o EH%mRT b DOILEME S
©32.5%, 40% fructose BHKROHHZEETD
30 4@ o, L, 40% fructose ¥
ZREALL O TO FRHRIERER T,
GOT »150U/dl %, 7z, GPT 2 70U/dl %
Bz b5y MWk ot BT, FMGEHEE
iRz R X % AR MM T, fructose
B x f#HT 5 & doxorubicin & BAfh T (F/
Ll & LHBIL T, MilanMREFHZEIID
7, 40% fructose ¥ D FREAIL, FFil
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JaEE OB IR TH % & Bbhic., doxo- Bakx B Hic ) SHRE, STl
rubicin o HfEELHFEIL, fructose HEWK D I BRI R LSRR E B BA = 5 i <
AL X > THRMEFTHZ Lidledote. 2D FeLET. E7e, RIERISIRENE LB R i T
itk b, fructose BWOWEA 2% EE I F v 2 —ROBHFOFE IS L E T,
LGB, Mo g dr s el

HlebDEBhbhs.
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