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Abstract— Acetylarsonate was prepared for testing antitumor and immunological effects. It show-
ed cytotoxicity directly on Sarcoma 180. L1210 and MOLT-4 by MTT assay. It did not seemed to
trigger the mitosis of human lymphocytes in culture, but that showed the cytotoxicity with high-
er dose. The rosette formation and spleen weight of mouse which acetylarsonate was ad-
ministered to for 2weeks were increased. Furthermore, peripheral helper T-and cytotoxic/suppres-
sor T-lymphocytes were increased in acetylarsonate-injected-mice significantly when it was es-
timated with simultaneous 2 color analysis using anti Lyt2-FITC and L3T4-PE monoclonal an-

tibody by Flow cytometer.

Keywords [] acetylarsonate, cytotoxicity, mitosis, rosette formation, lymphocyte, splenocyte, sur-

face antigen

Agele] £FE EAEH (RF dietary fac-
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1. acetylarsonate$] A= @ As,O;. acetic acid
2. AE 2A(FPZET
cell lines : Sarcoma 180, L1210, MOLT4
AEui%F - RPMI1640, FBS. (pharmacia)
penicillin G, streptomycin
MTT colorimetric assay : MTT(sigma)
3. in vivo &< &3}, Sarcoma mice
4. @EA) vjxE A
a. mitogenesis : isopaque-Ficol, am-
monium chloride, Tryphan blue
b. Rosette®4d5 % WIA7|9¥3}  Hank's
sol. Alservier 2, Giemsa A2
c. MXF7] A : RNase. propidium icdide.
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FACS 440
d. "HIg FuadAA : Lyt2-FITC. L3T4-
PE(Coulter), FACS 440
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1. Acetylarsonate®] %

+4 Palmer %°] aliphatici aromatic arsonic a-
cetic acidZ 7H&A 1Bl 42S T3S P fAle
WY O acetylarsonates gAdslo] Aol ARt
As:O; 4 goll acetic acid 500 mI& 718t BFA)7IH
A 4AZE ThdEled WHEAIZIE Aol] whRsle] 451,
ol o] HAEL AA%} o] ATALE ICPQ
100022 arsonates =g EAslu. 42 Won
A8 FEFAIFg D AEHAHASEE 1
mg/ml). sodium acetate® pHE ZH(pH 5.3)8}
s|M&le] Aol AHE ot AMEE $32 ICPQE
4¥ AsEE (=26 ppm) = A Aot}

2HYNE 5 (AHEH)

a. cell lines

B Ao A ALgE GAE cell lined offie} 2o}

Sarcoma 180% AF 9 &FUAEZAY Swiss
Webster Sarcoma 180 ascitesoll A f-2igtA 02 uj
ol FHd F-arete] e 2 4500 A1 <k 16~
17 Akl et

AN
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Fig. 1-- Standard curve on As ppm counted by Shi-
madzu ICPQ 1000. Absorbance of sample solu-
tion (2%) was 11.73. 11.73 = 2.956x+4.119. x=
2.6 ppm.

L12102 A9 74 ey oz 24
A= vRekEl™ 2 5MAI S oF 8~9A] 7ol dTh

MOLT-4E AMge] g=ol14 dME2A {4
B2 widE 2 AR oF 20~2241 7kl Sih,

R B

AE wkE 98] RPMI-1640 WA & #ik ollutel &
aiste], of7)of Fxjel | 29 efotdE A (fetal bovine
serum, FBS) 10%, sodium bicarbonate 0.075%,
glutamine 2mM % #4#1(100 units/m! penicillin
G. 100 ug/ml streptomycin) 52 #7483t} 5% o)
Absh BEA/95% AW Z710lAl 37°C E2udr] ol
LI I=g

¢. MTT colorimetric assay”

Acetylarsonate] &I tigh 2 HHel detgal
= 3-(4.5-dimethyl-thiazol 2-yl)-2,5-diphenyl
tetrazoliumbromide(MTT) 8] A -8 o]&35lef 7
At o] whgle Aol HE2] mitochondrial
dehydrogenase®l ¢l3ld MTT 7| SHd=o] 043
9] IRES FAITE AL ZAR § Folu} Ao}
AE MES BE T2 MTTRFES ol vl &
7keh | R 2HREe) Zas AFekEe] AEEag
o] & oJu] ek AARE thea} 2ol Algsigic) A&
A ETok MTTH o3 FFE2 27 Fig. 2004 &
AF=R T o] AEF| whet 2foli= glon) vl dA
£ RoFUE?

Sarcoma 180%= vjtH o] B-&ale 22tE 2 tryp-
sine 2 el & F-Rdezstd Hiln, Bz
%= = MOLT-44 L1210 1thZE 33l hema-
tocytometerg o]-g-ste] dujslo)x] MESFE A4t
st 96well-microplated]  2x10° cells/0.2 m!
well(10° cell/mN# ¥3 wig7|olA] 24A1F w3t
%, Zt welloll acetylarsonate® ml%@ 1 oA 1000
wW7bA 3 Frtshe TRE H7E Sk a-
cetylarsonateth4l vl 2 AFR-2 vl x5k o] H7HA1Z)
well& tzgoz st 39zt & o= ek
slo] %<k acetylarsonate7t M EZA] 0] o=AL
AFdH oz JHEe nXEVE EEA F9Y. 1F
MTT 0.1 mgE& 7 wellol 7}5ted, 37°C F2-ZolA
4A1ZE gk AR 7 plated 58I 450 xg= YA
Felshal, A5 e AAST

Dimethylsulfoxide(DMSO) 150 W& 2zt well®]
Well Y31 1087 89 MTTAHFES £3A7]n
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Fig. 2— Correlation between absorbance and the number
of cells : MOLTH4, y=390x-11.27 (x : logarithmic
value, r=0.871, the number of samples, n=6, p
€0.05) : L1210, y=3.71x-10.94 (r=0.842, n=22,
p<0.05) : Sarcoma 180, y=1.69x-4.84 (r=0.908,
n=10, p¢0.05).

540 nmel A4 Scanning multiwell spectrophoto-

meter(Enzyme-Linked Immunosorbent assay

reader : Biotec Instrumentsinc., Burlington) = &%

F3%59 #4E acetylarsonate 9 ZF ¢hA o)l Tl
Eztg o2 s

Acetylarsonate®] @Z-7ol e AEEE £3 &
HE B M E o 22 o2 sakgr}.

3. invivo Y &3}

HjokZ¢] Sarcoma 180 & trypsin-EDTA 2 g
oy AR AFH3F BALB/c A3 7R 1x
10° cells/ml & FAFsted 7~10 B9k Alth vikA1A
t, A7|dA] dojd AHEE AR 18~22g H=
B o] Bl A 3 vkl d 3% 10° cells¥ F+AF8}
o HEAZL 2%, oY acetylarsonate® 3. 10 ¥
30 W/misEE 0.1 Im¥ B2 FA3ked Sarcoma
of W {-Hol 378 SPo 2 wAS). 121 a-
cetylarsonatet4l Ae]4 94 0.1 mI& FAR &
iz o 2 3t vla gEEgo).

Sarcoma mice®] WER-F-¢} o] A7) 1F 6577}
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2 o] gk en, 655 ULu, Sarcoma miceE X
ARAlA SEokT) vl e] A7) Bo] wslE A8k
4 YE P mR= A
a. FITH A4

Aol F= Y Buyume] 1M Isopaque-
Ficol(IF)-&e] BEHALE o] &3t Yrliaige
YoM Algel FE3E thga o] £t 10
ml¢] heparinxg] H8E 600xgdlollA &3}
o {1 ol e WETEE Fof oA 1mi &
ZolzA g dz solEr), oF 3087 37°C F&A4
Al AR 7MES & o] £AG FUEFO ANASY
(pH 7.4)3} &t ol IFEY 3ml ol 7Hy
A &eEn dAEe A7 AR d 3o Fi4E
NN FEZTE H3te] A AL

Az 2] YT (Splenocytes)” : BALB/c A% 2] 1)
AE F3o] a9 it A (Dulbecco’s phos-
phate buffered saline containing 2% bovine
serum)¢] 87! Petri AAI90) =1 FA 22 &
pasteur pipetteZ F$17} vi&2 wHEEHA Follst
TR A st o] HAFol B o] vjFHE 7} v}
o2 fEddt AYTE 0.83w/v% ammonium
chroride &4 0.2 o715l AXREFAL Heldte] MY
T2 88 AASEL, UA] AEHE-F-9-E glass wool ZE]
ol B3 Al oM XM et AYTHEE =A% A
AstAeh. 1§, AE /948 0.5% Tryphan blueZ
At Aolols Y7L 90% ol g o, vl
X BHAE Y Aol AREE)

b. Rosette® s & W 3r)9 Wi}

AF e 257t acetylarsonated 3, 10, 2 30 ul/
mouse/day®] &2 FALSI A XGPS FA
gtz Blaslel. o] UHgE Fu)g gy
& Hank£94ell thA] 27A1A hematocytometerg ©]
f8to] MEFE ARER 5% 10° cells/mic) HEE %
) FA el 1E 20 mIE Alservier &% 100
miol W3 ERAIA FA o] ¥-FH4L thA] Hank$
A 5ul< oF E5H3le] 500 % gdlol A 1087 YA EE A
7)a1 g AASH olohe WS whEE|A
HE AFEL Hank o2 Axes AP BgH
& 1.8x10° cells/mio] HAE 2HsAch. vIAAE &
94 0.1 mI(5%10° cells/mn)3} d=2¥ FBS 0.05
miE & A¥F /Y 0.1 miE 37°C 24l &
a1, o] EFAL 200xgolM 587 AR,
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4°CoAlAM 24T B RSIATE 287 A 3 7F A)3
ol glutaraldehyde 882 7}5}ed 20871 21 &of] W=
Fh} Giemsa®A1& & & #An|7stoll ] FZ7 Fof 4
Rosette ¥¢] @2 ]88 AAksto] acetylarsonate
A2 M Rosette®Ad 5] Wshe syt 17
I HIe] FAlg) QA o) o B 2 Jic)
c. Ar)E B35 Y% Wright's staining™
BF acetylarsonateS 2759t By FAbs
%, Wright's staining®. 2 W& to] Wsle p2aly
o 2z ARl A 2820 YA glide glassol smear
3HaL staing g Wojrmdd F 122 mA A7}
o371l fFol A MG o~ 3uf} MW s} olu) M A
A U7tA A Fejsor Fct. ojm) F7) 3E2S o
dtel B o] Mo|x e alu 5E7F WX} 1 BS
FABA ME] F7)FoA BTt @n)siol)A] W
T ESE ATH(x400).
d. MEF7] B39
Acetylarsonate”} YZ 79| AFEAo| ofufst st
& PAETE $ES7 e Crissman®  Stein-
kamp7} 298 propidium iodided 28g o] &3 A
ZIEHYE ol &gt ool wog Fulg Algel
ZTE acetylarsonate 5, 10, 20, 50 2 100 w/mi<)
A Bl Al 22k Bl o acetylarsonateS
WA 4 & UFRFOE ) vt YT g
o] 2+ Aol 70%L2S J1aked 1A7HESH 4°Col)
Asto] AN, QAR st AT RS e T ci-
trate g4SNoz AFEL At RNase(0.5
mg/mNE FF312= propidium iodide(0.1 mg/
ml, pH7.6) citrate@dEdog A3t 4ColA
3024 E WA FACS  440(Becton—Cic-
Kinson) & o]83te] H-eMel DNAYBS 243k}
oldf, 200mW ZZo] X%E= argon lasere] 488
nm= FHEAE A7[AZTh DNA EX 5o 93t A
EF7] BAL FACS 44000 HAEo] 9= software
(Becton-Dickinson, DNA cell cycle analysis soft-
ware : ver C5/87)& A}-g&3}e] AlAakslqiet.
e YET FUFAA 40
Acetylarsonate® 257+ 3, 10 2 30 pl/mouse/
day¥ ZHrd 2 FA%E 3 223 acetylarsonate
Aol A8 7 Al el 50 WA Hsto FITC-%
A Al%H(anti-mouse Lyt,FITC)3 PE-¥# Aok
(anti-mouse L.3T4-PE)< 7t} 10 pl @3 7h A 4

¢}

o N

oE & Aol A o 1587 k) st

0.83% ammonium chroride 2 m/& Y3 Ay 1s
£ AAT g A EY st BFHET Akt o
AAFA(pH 7.2) 02 7PHAl ESHUA HolFo] 9
AR E SHE3Rs Wy o AASIGY. o] ¢laket
9 0.5mlell &alA1A FACS 440(software : BDIS
CONSORT 30-Ver G 3/89) 2 ¥%9] 8 243}
A3kt
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L SH o hE S9N Y

=
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Fig. 3— Effects of Con.A and As on proliferation of Sar~
coma 180 in culture. Compared with that of
the nontreated control group to be considered
as 1.0 each day. The upper graph represents
the change of number of Sarcoma 180 of the
control in culture when the number of Sar-
coma in preculture (Day-0) is considered as 1.0.
Each value denotes the mean+ the standard er-
ror of the mean of 3-4 experiments.
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Acetyl arsonate?]

A ESE dMFo v dg 603

coma 180 cell linedll vlw3l3(Fig. 3). wieF 39
ARYZ APt

Acetylarsonate’} Sarcoma 180, 112104} MOLT-
40 gt A ME 548 acetylarsonated] &l ut
& Hudst, Fxo vlesiA FAAsERH oY L
1210904 ANES2E-g 24 BYchFig. 4). Fig. 5&
Sarcoma 1800 W& concanavalin A, acetylar-
sonate 18] 3 g¢AIQ) 5Fust B2l germanium$
AREERA, AEFZEES 3duld F ulad Aol
Sarcoma 18091 th 3t arsenic ZH-2 26 ng/milA] o
3hA SA AR LE BP o 1 o8t BRAME Al
¥ Fouzt b2 A A e 2-8-& JehlA] gkt

2. in vivo 3¢} &3}

Acetylarsonate”} in vivool A= oW &3& g
Ye7He #E37) 8t Sarcoma mouseol =Y
653t acetylarsonate® 78 ng/day(30 pl. Table 2

% absorbance

* MOLT-4
L] L 1210
o sacoma 180

Fig. 4 — Cytotoxicity of acetylarsonate on proliferative
Sarcoma 180 (0), MOLT-4 ( *) and L1210 ().
Absorbance was evaluated by MTT assay aft-
er incubation for 3 days in culture medium
containing various concentration of acetylar-
sonate and compared with the control which
was cultivated in absence of acetylarsonate.
Each value denotes the mean of % absor-
bance. (As 2.6 ppm solution).

FN

AoA M ) ¥ FARRE |2} ohFe] 2
718 Hotr ottt iz vla) 4Fe A7 A
g AAag BHon, LMP%E oty 3718 2y
(Table I).
3. Y& Fof wlx]= o3k

Acetylarsonateo] HIF F2jof) vjx)= 43S o
#sl7] 98] 94 acetylarsonate®} concanavalin

AE 228 =T vl welloll d718la vikde u}
g TS dx2T FAE5E vEHgtes 13
ok A= Fig. 67 Zo] v 2U RE FT45le], 3¢
of ¥H3 HAAE BHAFY. a8ln R a-
cetylarsonateg 4ol 39zt w3t & FA=E 73
I e Ao g2y v)asla Ik 2L
vjz]oll acetylarsonated #7138} &< Fo|tH(Fig.
7). in vitroo| A} FEZAE £31+= .13 ng/mid A¥E
oA 7t F21-8 Bt MEEZE ARl ALY H
aAeHEo] YETel FAdE ofu e vA=IHE

% absorbance

T T T
7 < < L4 > T 2 L4

% absorbance

Fig. 5§ — Cytotoxicity of Con. A, As, Ge and 5Fu on the
proliferation of Sarcoma 180. 1: ConA 2 pg/well,
2. ConA 6ug/well, 3:As 26x10%g/ml, 4: As
2.6x10"g/mi, 5 5Fu 0.2pug/well, 6: 5Fu 0.5 ug/
well. 7. Ge 2 ug/well, 8: Ge 6 pg/well. The Cells
were cultured for 3 days and measured by MTT
method. Control value is considered as 1.0 and
compared. Each value denotes the+ mean stan-
dard error.

Table I — Effects of Ge and As on the Tumor and spleen weight of mice bearing Sarcoma 180

Body weight(g) spleenW. (g) Tumor (g) WBCx10° LMP%
normal 275+23 0.37+£0.07 427+1.73 7.53+£1.53 71.16+9.92
Ge 30 ug 28.7+2.87 0.28+0.06 5.65+3.15 52 £154 81 =+4.0
As7.8x10%g 33.2+2.3 0.21+0.02 0.29+0.12 6.15+1.52 77.2 +£3.8

Sarcoma cell (2x10° were transplanted at Day-0. and As were administered intraperitoneally once per day from

Day-1 to week—6.

Vol. 40. No. 5. 1996
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Fig. 6 — Effects of Con.A and As on proliferation of hu-
man lymphocytes in culture. Compared with
that of the nontreated control group to be con-
sidered as 1.0 each day. The upper graph
represents the change of number of lym-
phocytes of the control in culture when the
number of lymphocytes in preculture (Day-0)
is considered as 1.0. Each value denotes the
mean =+ the standard error of the mean of 3~4
experiments.

%-_'} | S8l 2 oz H¥st A= Fig. 8%
o) 5Fue Asiztgol

1}%0] 735HA VheRstet

Az Al ] Fate) n)R)= Jgg v Ay
= Fig. 9914 Kol ulelzto] 4F o] PE Aol gt
T3t £ 2hg o] AlFol| M ET T A Vbt

4. RosetteB %% 2 W97 9] ¥igl

U Pxe ¥gls BEE] Held 253 FAKE
Hﬁ‘éﬁ]-"i Wright's staining3t ¥ #uv|7% 3}el| A
A3}, in vitroA} 2= ) 78 ng/mouse/day=
FALSE P M I FUME B, ErisdTe ¢
& 7o] 2718 Bk (Table II).

Teell®] E47AHE 918 Rosetted 4% 74 24

7¥&kal, germaniume &2

r:i H
%
r°*'

Fig. 7 Effect of acetylarsonate on the proliferation of
human lymphocytes. Absorbance was measur—
ed by MTT assay after incubation for 3 days at
various concentration, and compared with that
of the nontreated control group to be con-
sidered as 1.0. Each value denotes the mean.

200

% absorbance

O SN )

% absorbance

Fig. 8 — Effects of Con A, As. Ge and 5Fu on the prol-
iferation of human lymphocytes : 1: ConA 2
pg/well, 2: ConA 6 pg/well, 3: As 2.6x10° g/
ml, 4: As 7.8x10°g/ml, 5. As 1.3x10"¢g/
ml, 6 As 1.3x10°g/ml, 7: Ge 2 pg/well, 8:
Ge 6 ng/well, 9: 5Fu 0.1 pg/well, 10: 5Fu 0.5
ng/well. Cells were cultured for 3 days and
measured by MTT method. Control value is
considered as 1.0 and compared. Each value
donates the meanzstandard error of the
mean of 4~6 experiments.

AME Table I3 Zo] 78 ng/mouse/dayst 7.8

ng/mouse/day® FAE FolM BHZ71E By

a3 e v ARA Sk Bk "R F
717t A EF7]9F oJE A} A7), Teell FHEY
o tj3t W3l ojwsrtg AL BEY

5. AEF7] B4
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Acetylarsonate’t HX7e] AEEHo] oAulgl o
&g v 25278 BEt7] A8k Crissman® Stein-
kamp7} 2¢HE propidium iodided A& o]-&-3 A X
FIEAH oz eke i o2 g ARt HEZTE
acetylarsonate 5. 10, 20, 50 2 100 pul/mi¢] gHwj
=] dlollA] 29 7F wiW3IH 2™, acetylarsonate® 4
7] & 78 d2F o2 P} RNase & i3k 2
= propidium iodidetzd oz AMEtT WRe &
FACS 440(Becton-Cickinson) & )43l 243}
t}. DNA ¥ %o 93 MEF7IE EA4% A=
Fig. 103 2t} F718443, Ag=elA G, phase
7} 7281 S phase’t AA o2 Frlete AL
3} A ATt

% absorbance

35 %S = F
PR N 4

9% absorbance

Fig. 9 — Comparison of concanavalin A and acetyl-
arsonate on the proliferation of human and
mouse Iymphocytes. 1; ConA 2ug/well, 2:
ConA 6 ng/well, 3: As 1.3xX10" g/ml, 4: As 1.
3x10” g/m! on human lymphocytes. 6: ConA 2
pg/well, 7: ConA 6 pg/well. 8: As 1.3x10™g/
ml, 9 As 1.3x10°g/m! on mouse lym-
phocytes. cell were cultured for 3 days and
measured by MTT method. Control value is
considered as 1.0 and compared. Each value
donates the meantstandard error of the
mean of 4~6 experiments.

Table Il - Increase in % Rosette of mouse spleno
cytes and spleen weight after long-term
(2weeks) administration of acetylarsonate

Injected dose % Rosette Spleen weight(g)

control group

vehicle+ 8.3+3.3 0.175+0.014(11)
acetylarsonate group

3 ul/mouse/day 12.8+2.1 0.248+0.041(5)

10 95 +1.2 0.213+0.023(4)

30 15.5+2.1"  0.268+0.029(10)

+, saline, 0.1 ml/mouse/day(i.p.).

*, Significantly different from the control, p 0.05.

The number in parentheses means the number of
used mice.
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Fig. 10 — Histogram of DNA configuration of human
lymphocytes cultured in the presence of a-
cetylarsonate (A, control: B, 5pi/mi: C. 10
ul/mi: D, 20 pi/mi: E, 50 pl/mi: F, 100 pt/
ml). DNA content of lymphocytes was
analyzed by Flow Cytometer(Becton/Dic-
kinson, FACS 440) after PI staining.

Table II— in vivo Comparison of WBC contents at the third day after injected Ge and As during 2 weeks

(Wrights staining)

Inj.Drug per mouse Lymphocytes Segmented Basophils Eosinophils Monocytes
normal 55.5 445 0 0 0
Ge 2mg 68 31 05 0 0.5
acetylarsonate
™iow 44 55.5 0.5 0 1
***30 w 65 34 0.5 1 0.5
*3W 44 52 0 0 0

*3ui=As7.8%10%g. *10W/=2.6%x10"g ***30 pi=7.8x10"¢g

Vol. 40. No. 5. 1996
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Table IV - %Gated of 2-color analysis of mouse peri-
pheral T-cell surface antigen using anti-
mouse monoclonal antibodies after
longterm(2 weeks) administration of a-

cetylarsonate

Injected Anti-mouse monoclonal antibodies
dose (Wwi/

mouse/day)  L3T4 Lyt2 L3T4/Lyt2 unbound”

Vehicle+ 234165 16.5+44 10.3+64 49.7+10.3
3 39.445.8# 30.9+6.8%4 99+05 197£16
10 38.2+2.3# 175455 13.2%£1.2 311432
30 31.0+£8.0 31.0+7.8# 112413 26.4%15

*. Unbounded to neither L3T4 nor Lyt2.
+ . Normal saline. 0.1ml/mouse/day( i.p.)
#_ Significantly different from the control. p0.05.

6. YET THFAA A

AcetylarsonateZ 257F 3, 10 ¥ 30 ml/mouse/
day¥ zt 7 H& FA & 2T acetylarsonate
78] A8 A Aol Hela FITC-EX Aok
(anti-mouse Lyt;FITC)® PE-%A Al anti-
mouse L3T4-PE) & Ztz} 7P A 4ol& ¥, ¥+
£ 48 A% o A EaE] RRET HEg)
Atgtzdlo g MAE F FACS 402 F3¢] %4
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Fig. 11— FL1 versus FL2 dot analysis displays while
flow cytometer is adjusted for twocolor
analysis. Four distinguishable populations
were divided by dashed line which separate
negative from positive (1, FL2 positive: 2, po-
sitive both FL1 and FL2: 3, negative both FL1
and FL2: 4, FL1 positive). The lymphocytes
were obtained from mice to whom a-
cetylarsonate was administered for 2 week(A,
control in the absence of acetylarsonate: B, 3
u/mouse/day: C, 10: D, 30). %Gated of this
analyses were represented in Table 4.
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