Cytotoxicity of Aniline Derivatives
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Abbreviations: ACD, acid citrate dextrose; ATP, adenosine triphosphate ; DMEM,
Dulbecco’s modified Eagle medium ; DMSO, dimethylsulfoxide ; EDTA, ethylenediamine
tetracetic acid; metHb, methemoglobin; oxyHb, oxyhemoglobin ; PBS, phosphate buffer
saline ; QSAR, quantitative structure-activity relationship



234 R

N =713 =8 - DY A TV R A A

B L UHE

1. RERURE

FoYYEEEKEYr LT, T2)Y, =hurT =Y
(o-,m-, p), 7x=L¥»¥T7T I (o,m,p), bIA
v (o, m-, p), 7T=¥¥ ¥ (0, m-,p), 77U T =
Yy (o, m-, p), 73/7x/—N(0,m-,p), 73
JBBE® (0, m-, p), p-TF ATV BLY p- 7
oEA7=Uy (1) 2EFEAEIE GR5) LD A
FLA. Iho0RBMER, KCETIKIVHDY
Zui, PAFNANLKLT F Y P (dimethyl-sulfo-
xide, DMSO) (F1Jehli®e, KBR) 2@ e L TRV
Adenosine triphosphate (ATP) fIE D 7291z ATP
M EEE . ATP HEPES #E## (& b2 Turner
designs, USA) 2w/, EEFERLORECE LI
vy — 1000 (B FEEREER, B 2Hv. &
2, 3v5mm 74 v ¥ a (Falcon #t, USA) %
BL, £TFEZICE T v A Y 20 (Costartt,
USA) 2w,

. sEEimka

Balb/3T3, Clone A31 (#iEZFMlE) % American
Type Culture Collecton (USA) & h AF L7z, #Is
B ORREE, BRESL TV HEMCED
E{Fotz. B 1REOERICE, N7 ABBHSAN
vy A4y (Ca¥) 2EE, =L Y7 3 R
(ethylenediamine tetraacetic acid, EDTA) (FIJt#{

NH ,

O
- e

X

13.

Chemical structures of aniline derivatives examined in this study.

Fig. 1.
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) 2l ATERAREREA -, B2EREC2
S — 5 F—¥ (R 2227 =Y F—¥E
WEmEw. 27, MEKERACHERELLS L
Ny AT A — 7 A (Dulbecco’s modified Eagle
medium, DMEM) (Gibco #:, USA) 12 10%F4-11E
(Gibco #) & AR cmiFEEHEER L.

m. # Hb

Balb/3T3 #ilam k23 1z i3, DMEM ##H i ki
10%FHMmEr AN TIMESHME Lz b D 2ERL
7o UMRESEATMME, MHERE D, bRMES
WWF X4 Ay (Sigma #, USA) 107°M, 1~
v 2 Y v (Sigma #) 2X100°M &=y Y ¥ -A btV
7\ w4 ¥ UEHE (Gibeo #) 5 J7ENI/500ml & AN
THEBEL.

IV. £ b~AESBECBROBHE

EbAESBE I, BRKRTFE S —GRIH
L b7t ACD (acid citrate dextrose) fR7F1 ($8
m#& 3 H) 2EWT, Tomoda 67 DHEIC &L D HE
L. BRALBEER 3mM &Lk,

V. BERMEoLEmia~ 0BRE

WML T\ 5 Balb/3T3 Ml %, WIREER
1x10%ells/cm* %5 & 5 3B/bmm T4 v ¥ allE &,
37°C, 10% CO, Fic THE L. ABEWER 100%
DMSO BRI LI Db, MEE#MIc T100050
1ZFRL, T&3721F DMSO BE2#E< LTl
~DOBEESLEVE S L. £ LT pH 2IEREKE
15 EbEDb, 0.20um ATV T 4N —

H 14. o -Cl

0 -NO2 15. m-Cl
m-NO » 16. p -Cl

p -NO2 17. o -OH

o -NH2 18. m-OH
m-NH 19. p -OH

p -NH 2 20. o -COOH
o -CHj 21. m-COOH
m-CH3 22. p-COOH
p -CH3 23. p-CyHs
o -OCH3 24. p-C3zHy
m-OCH3

p -OCH3

Depending on substitution, 24 derivatives are present and they are widely

used as industrial chemicals.
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Fig.2. Effects of aniline derivatives on Balb/3T3 cells in culture at 72 hours after exposure to
(a) control (0.19%DMSO0), (b) aniline 10mM, (c) o-nitroaniline 1mM, or (d) o-phenylenediamine
0.5mM. The number of cells exposed to o-nitroaniline and o-phenylenediamine was much

decreased than those of aniline even though their concentration was much lower than aniline,
Scale bar, 10z m.
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Fig. 3. Dose-response relationship of o-toluidi-

ne. EDy was determined after a Probit

transformation of cell viability of Balb/3T3

cells. EDy values of other aniline derivatives
were determined in the same manner.
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Fig. 4.

Phase contrast microscopic appearance of primary rat liver cells at (a) 4 hours and (b)

BRERSIL, »b ) CHRYE 2B L IyERH
PRWEEIZ2T4vYa, % 2ml §OAN, 37
°C, 10% CO. Fic T & n gk EKT/. &k, 2~
FPE—E LT, 0.1% DMSO 0 & % & L IlESH
2ROV (E2).

V. EERMENS0%EHERE (EDs)

iR R SRERYE I RE L Co o TR, Mgk
phosphate buffer saline (PBS) (ImM EDTA, 0.2%
P a—R)Y KT 2HE%EN, 0.05% Y Fv v
(Sigma #t) 0.5ml # Aniliaziz{#L, EDTA K&
U na—AFEIZEER W PBS [AFPBS(—) &7
2] %1.5ml #2C2ml &L, 3% lml 2EOH
LT0.2%4F Ly 7n—EKE Iml LRE, P—7K
MmBksteEs (AABEKSER, R T1ITF1v¥al
H, #rasnTuiruilllEfeiiz, T0EEXOR
BB sifesEEsE Lz, 3> b e— v Ofla#
£100% & L CRBEC ST AHREEE (%) 270
By bEHL, ZOME5.0L22BE % % 0HEBY
BD50%35T&E (EDy & L7z (3). LERORAEER
—EIDOWTAEL b 2EEBYIELB 4

79 hours in culture. Primary rat liver cells attached to the dish surface in several hours
after inoculation and were not changed greatly even at 72 hours. Scale bar, 10z m.



7= rEEEOME T

VIi. ATP oiliH, 2% ATPy

V. TE- HEEER lml 2, PBS (—) K TX
512 1x10% cells/ml 124 % X5 fHFRL, 20 1ml
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3 TCHEBRM T HRMIERE ¥ . Bohlzt b~
TS0 BRI, Tomoda 5 DAY THESER
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) TH¥NAF =7 (630nm) LT, FF v AE
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Table 1. Structure, EDso, log P, 6, and HB of aniline derivatives

Compound Structure EDso*(mM) Log P® o HB1¢ HB2e
1  Aniline NH2CsHs 1.858 0.90 0. 0 0
2 o-Nitroaniline NH:CsHsNO; 0.520 1.80 0.78 1 0
3 m-Nitroaniline NH:CsH:NO» 0.361 1.37 0.71 1 0
4  p-Nitroaniline NH2CsHsNO, 0.322 1.39 0.78 1 0
5 o-Phenylenediamine =~ NH.CsH NH. 0.014 0.15 —0.66 0 1
6 m-Phenylenediamine = NH2CsH:NH, 0.121 —0.42 ~0.16 0 1
7  p-Phenylenediamine NH:C¢H4NH, 0.021 —0.3 -0.66 0 1
8 o-Toluidine NH:2CsH4C Hs 0.149 1.32 —0.17 0 0
9 m-Toluidine NH2CsH4C Hs 0.189 1.40 —=0.07 0 0
10 P-Toluidine NH2CsH4C Hs 0.201 1.39 —-0.17 0 0
11 o-Anisidine NH,CsH4OCHj 0.074 1.18 —0.27 1 0
12 m-Anisidine NH2CsH4OCHs 0.301 0.93 0.12 1 0
13 p-Anisidine NH2CsH:sOCHj3 0.028 1.18 —0.27 1 0
14 o-Chloroaniline NH.CsHsC1 0.208 1.92 0.23 0 0
15  m-Chloroaniline NH.CsH,C1 0.388 1.88 0.27 0 0
16  p-Chloroaniline NHCsH4C1 0.128 1.83 0.23 0 0
17 o-Aminophenol NH.CsH,OH 0.015 0.62 —0.37 0 1
18  m-Aminophenol NH.CsH,OH 0.084 0.17 0.12 0 1
19  p-Aminophenol NH.CsHsOH 0.020 —0.17 —0.37 0 1
20 o-Aminobenzoic acid NH2CsH,COOH 3.883 1.21 0.45 0 1
21 m-Aminobenzoic acid NH2CsH,COOH 16.631 0.27 0.37 0 1
22 p-Aminobenzoic acid NH2CsH,COOH 17.491 0.83 0.45 0 1
23 p-Ethylaniline NH2CsH4C:2Hs 0.230 1.96 —0.15 0 0
24  p-Propylaniline NH2CeH4C3H 0.347 2.49 —=0.13 0 0

*EDso was determined by Probit transformation of cell viability. ®P represents n-octanol-water partition

coefficient. © & represents a Hammet constant.

d.¢ HB represents hydrogen bonding of activesite.

HBI1 and HB2 represent hydogen acceptor and amphiprotic substituents, respectively.
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PR EEEAFMR (24) 12, Balb/3T3 #ifE & [AERIC
BEELL. 1. TKDIFS5 AW 2L (Costar #)
O B HIIE AT HAE £ 1X10° cells/cm® $ERE L ,
TE i Balb/3T3 ik % V. A4k, 1X10* cells/
cm’fBREL ;. EENcHE R 1.6ml, TRICIE 2.4ml
TRET 4ml OEME AN REBRYEE, LROA
BROBRAND D, V. tAKOBEICLZ LD
WL, ME~ORMERIC, ¥ TIHIHEMERE
WEIL, PBS (=) 2T & %V, HHIAKRE->Tw3
RLEYOEERRW-Ob, FREEFRiacER
B, FOT2EER% I Balb/3T3 fifan £ %
PBS (ImM EDTA, 0.2% 7'V 72— X) 12T 2 @¥L,
0.05% F) 7¥ > 0.5ml #0ZMMZEBEL,
0.2% A FVv > 7N—FHE%E 0.5ml 12 Tk <EY,
FOEMiaE b -~ KRIMBRGFEBICT1I T4 v ¥ a
2EE, VI. ERBIC50%EHIEECO EDg 2K O

7.

X. HBRYHE L MMIER r OHREA TORE
TV, 0o b A4 YV, P72V YT Y,
0- L pT I/ 7/ —NEBEREr DBERENT
DODRIGEL STz, HBEREIT, 2mM O 274 Fv
TTIoy, V2 FxFVyFICBLIUF IO
EEEEW (0.2M, pH7.0) 2wk, 2hi, 0.1%
DMSO kL7 ImM o RABRWE 237°CT,
Solomon & HKICH LT, 3BERIEE . B
EHBROBR 2ul 2B o~ b U AIFNT0S
Vb)) (FEMZE) ARy P L, 4V T8 =/
K Q2.3/1) KTHEBRTRBELL. KM%,
Buchanan® O FEICHE L T0.5% Y R 7 1 ¥ DRERE
¥ (3N) & L2 Db, 85°C, 10RMmEL 7. £R
SEOBMBERAMN L0.1% DMSO B &£ 2R

RiG&seiaenEEe L.
X1, #75— 5544888 (quantitative structure-act-
ivity relationship, QSAR)

3.l Amphiprotic substituents

2. AH acceptors

1. @ Non hydrogen
bonders

257
201 ~ -~
Q -
+ /
—_
o 157
7]
o
4]
S~
*-
A
o 107
(o]
-l
B 0.51
0 cx7 1.0 1.5 2.0 2.5
® LogpP
Fig. 5. Relationships between log(l/EDs)+p o and log P. Aniline derivatives showed parabolic

relationships between the cytotoxicity and log P.

The toxicity increased further when the

compounds had hydrogen acceptable (A) or amphiprotic substituents (B) than those having
nonhydrogen bonders (@). A broken line represents the necessity of further refinement by adding
the number of amphiprotic substituents which have greater log P value than those examined in this

study.
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L, HBl BARZEMO DIZ1 25 %, HB2 I3/
# (KEREULOKRESH Db 125, »
FTHEDE2 0L Lic. EDy & log P, o, DEH
13, Hansch & DA 126V, PASAR EEIBHHF
FuZ oL %HT FACOMMS360R 2> ¥ a2 —4% —
ZTBZhkol:.

XII. #EEtAIRE %

EDw & ATPuD#HBII: Pearson ORERAHE(GEH %
iz,
EDy & CO EDp @ EHEDZ DM E L, Student’s

Table 2. Effect of anilion derivatives on ATP
(adenosine triphosphate) content of Balb/

3T3 cells
Compoud ATPs¢" (mM)
1 Aniline 1.898
2 o-Nitroaniline 0.378
3 m-Nitroaniline 0.271
4 p-Nitroaniline 0.280
5 o-Phenylenediamine 0.030
6 m-Phenylenediamine 0.370
7 p-Phenylenediamine 0.035
8 o-Toluidine 0.576
9 m-Toluidine 0.608
10 p-Toluidine 0.228
11 o-Anisidine 0.670
12 m-Anisidine 0.383
13 p-Anisidine 0.016
14 o-Chloroaniline 0.706
15 m-Chloroaniline 0.601
16 p-Chloroaniline 0.097
17 o-Aminophenol 0.037
18 m-Aminophenol 0.240
19 p-Aminophenol 0.026
20 o-Aminobenzoic acid 5.614
21 p-Aminobenzoic acid 11.110
22 p-Aminobenzoic acid 10.370
23 p-Ethylaniline -t
24 p-Propylaniline —c

* ATPso was determined by Probit transformation of
extracted ATP contents. " ¢Not determined.
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Fig. 6. Relationship between log ATPs and log EDw Log
ATPs and log EDs have a good correlationship, suggesting
that the decrease of ATP content is not the direct result of
the inhibitory effects of the test compounds on energy
metabolism but is probably due to the effect of cell viability.
Numbers in figure indicate the compound in Table 2.
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0T E/ 7/ — ik, SBOKERIER, 2'-F
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YV EDVLTNOERLICT B RIGH b RE S i
Mmootz
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72V v BEUXOFEEE, FEOBRLIES
FUVEEREEOHAMEL LT, B otPEIE

(+)

metHb

oxyHb

Fig.7. Isoelectric-focusing patterns on PAG
plate (pH 3.5~9.5) of human hemoglobin
solutions which were incubated with aniline
derivatives. Numbers in figure indicate the
compound in Table 3. Remarkable methemo-
globin formation was observed in p-nitroanil-
ine, o-, m-, p-phenylenediamine, o-, m-, p-chl-
oroaniline, o-aminophenol, o-, m-, and p-ami-
nobenzoic acid. Evident tailing of hemoglobin
between the major bands was observed in
p-phenylenediamine and p-aminophenol,
suggesting denaturation of the protein. Abn-
ormal spot (arrow) was also observed.
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BUHEAERENCBLTRE L. ChsHEEE,
EE#E L, 72V Y BRES 1 DV b DOTH
B39, TOBEBEDOCEHNBEC LV EEREL LT
DEM (EDo) BNKESRR 2. EWEHIREL LT,
BAEE b CTHHEINZ I L L MohT WS

Table 3. Oxidation of human hemoglobin by aniline

derivatives
Compound Methemoglobin? (%)

1 Aniline 0

2 o-Nitroaniline 5.90

3 m-Nitroaniline 0

4 p-Nitroaniline 18.76

5 o-Phenylenediamine 28.06

6 m-Phenylenediamine 43.83

7 p-Phenylenediamine —b

8 o-Toluidine 4.35

9 m-Toluidine 6.11
10 p-Toluidine 3.97
11 o-Anisidine 4.10
12 m-Anisidine 3.53
13 p-Anisidine 3.62
14 o-chloroaniline 35.27
15 m-Chloroaniline 11.48
16 p-Chloroaniline 11.04
17 o-Aminophenol 45.20
18 m-Aminophenol 0
19 p-Aminophenol —
20 o-Aminobenzoic acid 24.93
21 m-Aminobenzoic acid 21.66
22 p-Aminobenzoic acid 16.19
23 p-Ethylaniline —d
24 p-Propylaniline —e

* The isoelectric-focusing patterns were analysed by
gel-scanning at 630 nm and the methemoglobin con-
tents (%) were estimated from each of the compo-
nents (oxyhemoglobin, (a**8%%):, (2" **): and methe-
moglobin). ¢ The methemoglobin contents were not
estimated because of denaturation of hemoglobin it-
self. ¢ Not determined.
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Table 4. Effect of aniline derivatitves on viability
of Balb/3T3 cells co-cultured with primary rat

liver cells
Compound COEDs
1 Aniline 0.345*
2 o-Nitroaniline 0.455
3 m-Nitroaniline 0.192
4 p-Nitroaniline 0.038*
5 o-Phenylenediamine 0.008*
6 m-Phenylenediamine 0.020*
7 p-Phenylenediamine 0.009*
8 o-Toluidine 0.200
9 m-Toluidine 0.134
10 p-Toluidine 0.051*
11 o-Anisidine 0.053*
12 m-Anisidine 0.037*
13 p-Anisidine 0.019
14 o-Chloroaniline 0.094
15 m.Chloroaniline 0.124
16 p-Chloroaniline 0.026*
17 o-Aminophenol 0.040*
18 m-Aminophenol 0.038
19 p-Aminophenol 0.054*
20 o-Aminobenzoic acid 0.150*
21 m-Aminobenzoic acid 2.150*
22 p-Aminobenzoic acid 0.390*
23 p-Ethylaniline —b
24 p-Propylaniline -t

a CO EDs; was determined by Probit transformat*ion
of Balb/3T3 cell viability. < Not determined. p<
0.05 vs. ED 5o by Student’s t-test.
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Fig.8. Ratio of EDs to CO EDs.

CO EDy was determined after a Probit

transformation of cell viability of Balb/3T3 cells co-cultured with primary rat

liver cells. CO EDy are lower than EDs in most of the test compounds

»

suggesting that most of aniline derivatives were bioactivated by liver cells.
Numbers in figure indicate the compound in Table 4.
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Fig.9. Dose-response relationship of (A) o- and

(B) m-aminophenol in viablity of Balb/3T3
cells co-cultured with primary rat liver cells.
These two aniline derivatives showed parab-
olic relationships between the cytotoxicity and
concentration of the compounds.
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Cytotoxicity of Aniline Derivatives Akihisa Harada, Department of Hygiene,

School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med. Soc., 99,
233~247(1990)

Key words aniline derivatives, Balb/3T3, cytotoxicity, methemoglobin, QSAR
Abstract

Aniline derivatives are widely used as industrial chemicals and their production is
increasing year by year. In the present study, a useful in-vitro screening method was
examined for testing the toxicity of aniline and its derivatives as an alternative to in-vivo
tests using whole animals. In the 24 aniline derivatives examined, log ED, (a 50%
inhibition dose for viability) and log ATPy (a 50% inhibition for ATP content) to Balb/
3T3 cells have a good correlationship. The aniline derivatives showed three statistically
significant parabolic relationships between log (1/EDy)+ 0 o (0 : a regression coefficient,
¢ : a Hamment constant) and log P (n-octanol-water partition coefficient). Isoelectric
fousing patterns of human hemoglobin solutions incubated with aniline derivatives, showed
not only methemoglobin formation in most compounds, but also denaturation of
hemoglobin in two compounds. The aniline derivatives showed significant liver
metabolism-mediated changes in cytotoxicity, when these compounds were tested using the
co-cultivation system with primary rat liver cells. No direct interaction of nucleosides was
observed following in-vtro reaction with the aniline derivatives.



