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Abstract

Backgrounds/Aims Cytoplasmic alkalinization induced by activation of the Na+/H+anti

porter which is stimulated upon the addition of growth-promoting agents, such as insulin, epidermal growth factor,
phorbol ester, plays an essential role in the initiation on cell proliferation. In the present study the efffects of amiloride,
a specfic and reversible inhibitor of Na+/H+antiporter, on the growth of human pancreatic carcinoma cell line, Capan-1
cells was examined and the effects of 5-fluorouracil(5-FU) were also studied. Cell cycle analysis was done to examine
the mechanisms for the inhibitory effects of amiloride. Materials/Methods The growth of Capan-1 cells were
examined by counting cell number on two and four days treatment with 1 uM, 5 uM, 10 uM, 20 uM, 40 uM, 80 uM,
160 uM amiloride, and 0.1 pg/ml, 0.3 pg/ml 5-FU, after plating Capan-1 cells into 35-mm2 plastic dishes at a density
of 10x104 cells/dish. The reversibility of the effects of amiloride was examined on two day to eight days treatment
with 20 uM amiloride after seeding 2x104 cells/ dish. Cell cycle analysis was done on the cells after four days treatment
with 20 pM amiloride. Results Amiloride significantly inhibited the growth of Capan-1 cells in a dose-dependent
fashion (p<0.05). The inhibitary effect of amilride on the growth of Capan-1 cells was firstly shown at the
concentration of 5 M, which is not so higher than the concentration of 0.1-0.2 uM attainable by administration of
usual dose of amiloride (5-10mg). Forty-eight percent inhibition of growth was found at an amiloride concentration
of 20 pM after 4 days treatment, and ninety-three percent inhibition of growth was found at an amiloride concentration
of 160 uM after 4 days treatment. The inhibitory effect of amiloride on growth of Capan-1 cells was reversible since
removal of amiloride by a media change after 48 hours treatment lead to significantly more growth than amiloride
treated group (p<0.05). The reversilbility of growth inhibition suggests that amiloride is not a non-specfic cytotoxin
for Capan-1 cells. Amiloride combined with 5-FU significantly inhibited the growth of Capan-1 cells in a
dose-dependent fashion compared to an amiloride or a 5-FU alone (p<0.05). After four days treatment with 20 ptM
amiloride, the fraction of cells in GO-G1 phase, S phase and G2-M phase was 47.3%, 35.8%, 16.9% respectively in the
amioride group (20 uM), and 44.3%, 37.1%, 18.6% in the control group, showing no significant differences between
the two groups. Conclusions Amiloride significantly inhibited the growth of Capan-1 cells in a dose-dependent
fashion, which was reversible. The reversilbility of growth inhibition suggests that amiloride is not a non-specfic
cytotoxin for Capan-1 cells. The concentration of 5iM, which is not so higher than the concentration of 0.1-0.2 uM
attainable by administration of usual dose of amiloride (5-10mg), which suggests amiloride or its analogues may be
used alone or in conjunction with 5-FU for the treatment of pancreatic carcinoma.

Further study is needed to clarify the effects of more potent analogues of amiloride on the growth of human pancreatic
carcinoma cells.

Key words : Amiloride, 5-FU, human pancreatic carcinoma cells (Capan-1)
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3. amiloride®] Capan-1 M|X Z2A4] a3}

S 719 U= Capan-1 A|EEZ PRSE AH3 &
0.05% trypsin-0.02% EDTAZ ¥-ZE MEZZ2 Ea)dlo
HEYST F IAHI AEE F2F BAHEE 2 &
gated 6 well platedll 10x10° cells/well®] FEZ B23
o 24/\]71 vtttk QA E7} plaeol] F2HE ]S
st &, 10% FBS7F 1 vl 1 pM, 5 uM, 10 pM,
20 pM, 40 pM, 80 pM, 160 pM®) FE= =2 amiloride 10 pl
E 71z} 3 welld]l A7¥8}a(wiplicate), 37°C, 5% CO»
incubatoroff 4] vl TE FARA X E Ag3gs 4=
FE 29 F 49 Fol|, 24" A EE 005% trypsin
-0.02% EDTAE. 223l EDTAR Eelsty 7z X 4=
£ hemocytometer 2 278315 0.5, o] mj A|Z 9} AMEo]
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ot Blarste] GAE T2 A aNE FAEHAY
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7} platedl] F2= 25 13 £, 10% FBS7F 1+ ol
Zloll )22, amiloride 10 pM, amiloride 20 pM, 5-FU
0.1 pg/ml, 5-FU 0.3 ug/ml, 5-FU 0.1 pg/ml + amiloride 10
pM, 5-FU 0.3 pg/ml + amiloride 10 pM, 3-FU 0.3 pg/ml
+ amiloride 20 pM2] 822 2 }F+0] 3 welld] #7}stn
(triplicate), 37°C, 5% CO: incubator| A4 vj<Falsdc) 2
A X A EAES G2 FE 49 39, 49 AE
= 0.05% trypsin-0.02% EDTAZ E&8kich a2EA s}
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(45+3)(x10") 2 4] amiloride 50 pM A7kl A thzzoll
Hlate FAlo] o7k A =YY FAH foAe
DXL, amiloride 1 pM A7} 49 A HE FE
(83+3)(x10NZA 229 (83:4)(x10M)3 & o)}
DAt 22 H7hdE amiloride F%7F 5 pMel AL 2
4 A9] Capan-1 M E FE 37:D(x10D2A hz7<]
29 A ME F9) (45:3)(x1002T §8H4 M T 7t
Aag o2 2 AEE AE F240] ouilA oA
HAR(p<0.03), 4dAE 2 F7 (72+3)(x100) 024
279} (83:4)(x107)) B8} BABA 2 Z2)0) 4
2 B & UATHp<0.03).
283 amiloride®] FEZ 10, 20, 40, 80, 160 pMZE
ST A ot 299 498 BT Capan-1 Al Z9
2ol AH o Bol JAEHJA F, 2UA 9} 4L A 9]
Capan-1 MXE F+= 10 oMo A% zZkzF (3043,
57:2)x10°%, 20 uMe} 739 (2142, 42+2)x10°, 40 pM2)
£ (1422, 28+3)x10%, 80 pMe] 7 (8+2, 16+3)x10°,
160 uMe] S (321, 6xDx10°2AM R (4543,
83+4)x10°0) 8|3} amiloride®] E%ol BlasiA &9
Al 2 F2o] dAEE B FAUAHp<0.03). 53]
amiloride 160 pM< #7183 49 ®le] M E57}
(6+Dx10" 24 22 (83:4)(x100 ) B85t 93%:2)
THAAE B 20 uMe] FEIAM = tlz2e v)e)
49%2] ZF29A5 B P HTable 1, Fig. 1).
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Table 1. Effects of amiloride(uM) on 2 days and 4 days
treatment of Capan-1 cells

Cell number x 104

2 days 4 days
amiloride O+ 4543 33+4°
I 4445° 83+
3 37+1° 723
10 0£5 57+
20 2122 4247
40 14:2° 2813
80 g2 16+3
160 3118 622

-y

Means with the different letters in the seme column are
significantly cifferent(p<0.03) by Duncan's multiple range test.

+ control group, to which only vehicle(DMSO) was added

miloride®] 1A &3

DZ days
Wadays

Cell number X 10°

0 1 5 10 20 40 80 160
Amiloride( M)

Figure 1. Effects of amiloride on 2 days and 4 days

treatment of Capan-1 cells. *p < 0.05 vs. control

2. amiloride 2] Capan-1 A| X 52194 a9 7}19 4

miloride®] F4] A &H-g-9) 7t Bz 3 A
oM, amilorideE AHSFE H7iehx] & iz
amiloride H7FE 4AdR ol oF 0% ZAAH THE B
¢l amiloride 20 UM F7}8ked 484 7F Z<F uj oAl 7]
& amilorideE A A 2, 28}31 amiloride 20 pME A
FiA Ad 2R 2o R Yire] #Esle] ¥9ks
o, B35 2447 Hof] amilorideE B 718 & 48A) 7} Hj
FE 7t A 713k amiloride 2 A 73t o= Al Az} A)
AsAl > F Atele] Capan-lAIZ FE 2zt
(3.520.3)x10" 2 (4.5:05)x10°2A] z}o]7} 19T, &
T BF g2 (8+Dx10° Bk 2 7 Aoy
FAIEA N Fo)48-8 ST amilorideE A AT 2] 2

Aol AAES Capan-1HE FE (18+2)x10°2EA

amiloride H7F22] (10+2)x10° o ¥l5td 3] BUo
U EASE] fo4e ¢, tiE2e] (30:2)x10°5
o= 3421 A0 W(p<0.03), amiloride 723 2
FAtolole o HlE o] Y olE: EH
(p<005)

amiloride® AAE 2 4% Aol amiloride A A2

|7
Capan- 14| ¥ FE (41£2)x10° 24 amiloride 2 7 7} 81A)
RS 29 (30:2)x10'7k  ¥EIFAT, tzzo
(59.5:3.5)x10%] vlshA &5} A AE £ ALoZ
M (p<0.03), AA 2452 Az} 8l$=8}A amiloride ]
SHAA Aol ZAL AATHA 4LA AT o}F] o]
N

LR STk
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13117]— amilorideE A} A3 ] 64 A o= amiloride A
A Capan-1ME 7t (7222)x10°24 W2z
(81.5+1.5)x10°s} A9) vl%d AL E B WHA(=ZE
¢] 90.0%, pns), amiloride® AABIA YA F2
(39.5:3.5)x10° Btk 84 o B&(H7H29) 175.0%)E
B FUTHp<0.05). 28 amilorideS A A3 FllA
amilorideE A A g3} 2dAbo]2] F4u]go] 4582
A d2Fe] 358 R T s $93, amilorideE A A 3HA]
aRA Fo] 258 Rk A6 ke, ol A
2 amilorideE AATR] 443 6Y Ato]e] F2H]Eo)
Az 2 FE B2 M amilorided] F4] AA 2Hg-o] 7}
H49E B F3Uth(Table 2, Fig. 2).

Table 2. Reversibility of effects of amiloride(20uM) on the
growth of Capan-1 cells.

Cell number x 104

Oday 2days 4ddays tdays &days

Contral 2 &l 01 395£35 8155
35" 2 14

Amiloride removed’ 2 352035 18:°  410:3° 7207
45 23 18

Amiloride 2 45105 10£°  300:2°  395:35

25 3 13

amiloride treatment for 48 hours followed by replacement with
amiloride-free medium,

Means with the different letters in the same column are
significantly different(p<0.05) by Duncan's multiple range test.
growth ratio

| —o——Control
{ ---m--Amiloride removed
6 L i —-D—- Amiloride

Log cell number

4
Days

Figure 2. Reversibility of effects of amiloride(20pM) on the
growth of Capan-1 cells.

Open circles=control group; closed squares=amiloride
treatment for 48 h followed by replacement with
amiloride-free medium; open squares=continuous amiloride

treatment.

3. amiloride®} 5-FU7} Capan-1 M| ¥2] 2o u]
e 3348
Table 304 B vpe} Zo] v 44R ] thxY
Capan-1A1 X 4 (82+5)x10° 3, amiloride 10 pM 3
7F2 2 amiloride 20 pMAFEY A ESFE 2z
(5622)x10* 2 (47+2)x10°2A4 F7 BF 227 {9
3 212 ¥ Y Hp<0.05). 5-FU 0.1 pg/mlE A7 & 2
S-FUE 03 pgmlE 371 29 AE $E (73£2)x10°
2 (64:2)x10'2A %7 BF =229 (82+5)x10° &
o)t Aol E BF A (p<0.05), FF Aleldl= 1 ME 5
o] §9J8F Aol YATHp<0.05). 28] 3L amiloride 10
M H7HE 2 amiloride 20 pMA7F29) M E5E S2
25 5-FU 0.1 pgmlE #7138 & 2 5-FUE 0.3 pgmlE
A7be 29 X FE F98A A ATHp<0.03).
T8]3 5-FUS F24HA 28l vA]= amiloride®] B
S A9 B9 5-FU 0.1 pg/ml¥} amiloride 10 pM& H
£ #7129 Capan- 1M E & (43+3)x10°24 5-FU
0.1 pg/migre A748k 2¢) (73+2)x10%0] Y} amiloride 10
IM BE "7 (56:2)x10°0 Hlske] M E 57} f2]
3 A A tHp<0.05). ©] 4 5-FU 0.1 pg/mly} amiloride
10 pM ©=ol| ¢J3} Capan-14| £l Tt F2]9A) &3
B F dAS HERS Qo 2 A Y FS ¢ F
NAHFig. 3).

Table 3. Effects of amiloride(uM) and/or 5-fluorouracil(u
g/ml) on 4 days treatment of Capan-1 cells.

Cell number x 10°  Inhibition rate (%)"'

Control 82+5°

Amiloride 10 5642° 318
Amiloride 20 4747 427
SFU 0.1 73+2° 11.0
SFU 0.3 64+2° 220
5FU 0.1 + Amiloride 10 43+3° 476
5FU 0.3 + Amiloride 10 3343 598
5FU 0.3 + Amiloride 20 20+% 73.2

*~% Means with the different letters are significantly different(p<0.05)
by Duncan's multiple range test.
1) Inhibition rate compared to control group
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Figure 3. Effects of amiloride( #M) and/or 3-FU( zg/ml) on 4 days

(=2

Cell number x 10°
[ %] 4
| —

(=]
r

treatment of Capan-1 ceils. * p < 0.05
F: treatment with 3-FU AL treatment with amiloride

F & A treatment with 53-FU & amiloride

|

[4:

5-FU 0.3 pg/ml3} amiloride 10 pM2] ¥R 7R+
Zx (33:3)x10°24 5-FU 03 pg/migkg 37}
(64+2)x10°0]} amiloride 10 pMBE H 729
(56:2)x10°  BlEtd AME F£7F @AM AU
(p<0.05)(l:ig4).

rsL'Azr
NG V=
Azktl

Figure 4. Effects of amiloride( M) and/or 5-FU( ¢z g/ml) on

4 days treatment of Capan-1 cells. * p < 0.05
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Cell nurrber x 10°
BN (=)}

[S]

Q e B S

3 R).3&A10

F: treatment with 5-FU Al treatment with amiloride

F & A: treatment with 3-FUJ & amiloride

ol2i3t AL amilorided FEES Fo 5-FU 0.3
g/mlZ} amiloride 20 pME ¥-& A7 2 wo] ¢ F8ls8)
A 2 ME F7F(22:3)x10°22A, 5-FU 0.3 ug/ml T
EF 7ol M 5 (6422)x10"Y amilorideamiloride 20
M DEH7REY) (47:2)x10°BT ASA Fes B
T AR TH(p<0.05)(Fg.5).

228]3 5-FU 0.1 ug/mlz} amiloride 10 pM< ¥4 7}
b 2ol tixzel vlElA 47.6%9) SAAAES B
. 5°FU 0.1 pg/ml ©=H 723} amiloride 10 pM &5
17t29] S2 A 8-S ek 8(11.0+31.8=428%) 3 &

=

£ e

U)Jz

iloride®] <A &3z}

e BEE ERdS
sl AT 2o

zsnzi 59.8%2] Zmzizﬂge y_oq 5-FU 0.3 pg/ml ©%
A7V amiloride 10 pM GEH72Y =

e £(220+431.8=539%) 7 FAM =S vehd A
A3z} 5-FU 0.3 yg/mlz} amiloride 20 pMS ¥ & 72
oA izl BlElA 732%8 FAYGAEL R,
5-FU 0.3 pg/m! @372 amiloride 20uM ©=3 7}
9 ZAAAEE T 2(220+42.7=64.7%) 3 FAFZ
A=g JeEMIE ZHeM oS S8 tHFe. 6).

Figure 5. Effects of amiloride( # M) and/or 5-FU( # g/ml) on
4 days treatment of Capan-1 cells. * p < 0.05

8 - i |

| —

. -
[I—______ SR N

F0.3 A20 F0.3&A20

Cell number x 10°
£y

F: treatment with 3-FU Al treatment with amilorice

F & A: ireatment with 5-FU & amiloride

Figure 6. The effects of amiloride(M) and/or 5-FU(g/ml) on
4 days treatment of Capan-1 cells suggesting additive effect
of the two,

——F0.110

00 -
! 89 —B—— 03410
= g - —A—F0.3A20
= 78
8 60 -
3\3 52
g 4 - s Ty
2 TRy
= 20 -
6 H
&
0 PR — _—
F A F+A F&A

F: treatment with 3-FU zlone
Al treatment with amiloride alone
F+A! calculated sum of 3-F and amiloride

F&A: combined treatment with 5-FU and amiloride
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4. Flow cytometryE ©]-§& cell cycle analysis
amiloride 20 pME H7}aH viR| oA 49 7+ B} A
7} amiloride F7}R10] WA 2] HF UM EE
gl AER/ 2RL ALY, fEze
GO-G1717} 44.3%, S7)E 37.1%, G2-M71E& 18.6%%
amiloride 20 pM F7H2ollA & GO-G1717} 47.3%, S7
35.8%, G2-M717} 16.9%2A] & Alold] & z}o]7}
A TH(Table 4).

]
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&

s

e

Table 4. Effects of amiloride on cell cycle distribution in
Capan cells after 4 days of incubation at 37°C Co

% of cells

Sample(M)

mple( GG S G
_Control 443 371 186
Amiloride(20) 473 358 169
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