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The antifungal and antibacterial properties of a series of 79 diarylamidine
derivatives were evaluated. Several of these compounds exhibited considerable
antimicrobial potency. A survey of the structure-activity relationship demon-
strated that minor structural variations resulted in significant changes of antimi-
crobial activity. In general, the structural features required for antifungal activity
coincided with those required for antibacterial activity. Both the antifungal and
the antibacterial properties of the diarylamidines depended on the presence and
the positions, of both amidino groups, on the nature of the central bridge
connecting the two aryl moieties, and on the nature of these aryl residues
(preferably indole). The most active compound was evaluated for its activity
against Candida albicans infection in mice.

Investigations on therapeutic use of synthetic
diarylamidines led to the discovery of the try-
panocidal drugs stilbamidine, pentamidine, and
Berenil (2, 13, 16). Some early results (9, 11, 14-
16) pointed out that such trypanocidal diarylam-
idines might also be endowed with antibacterial
and antifungal activities. It also became evident
that the activities against microorganisms may
vary upon slight modification of the molecular
structure of the diarylamidines, thus making
feasible the development of more specific,
chemotherapeutically valuable antimicrobial
compounds.
We evaluated the antibacterial and antifungal

properties of a large series of diarylamidine de-
rivatives and assessed the structural parameters
that underlie their growth-inhibitory activity.
The most active compound of this series was
further examined for its in vivo efficacy against
generalized Candida albicans infection in mice.

MATERIALS AND METHODS
Species. Antifungal potency was evaluated with

clinical isolates of Candida albicans, C. parapsilosis,
C. guilliermondii, Geotrichum candidum, Trichos-
porum cutaneum, Scopulariopsis brevicaulis, Micros-
porum vanbreuseghemii, Aspergillus fumigatus, A.
niger, and A. flavus. Antibacterial activities were es-
timated by using Staphylococcus aureus ATCC 6538P,
Bacillus subtilis NCTC 8236, Streptococcus faecalis
ATCC 8043, Escherichia coli NCIB 8743, Pseudomo-
nas aeruginosa (clinical isolate), and Proteus mirab-
ilis (clinical isolate).

Culture conditions. Fungal strains were grown
(2700) on a complex medium (1), and bacteria were
cultured (3700) on tryptic soy agar (Difco Laborato-
ries, Detroit, Mich.). For bioassays all strains were
inoculated on petri dishes (9-cm diameter) containing

a well-defined medium consisting of a minimal me-
dium (18) supplemented with amino acids and vita-
mins, including (in milligrams per liter) L-alanine (8.9),
L-arginine (6.3), L-asparagine (1.5), L-aspartic acid
(1.3), L-cystine (1.2), L-glutamic acid (1.47), L-gluta-
mine (14.6), glycine (0.75), L-histidine (2.1), L-isoleu-
cine (2.6), L-leucine (2.6), L-lysine (3.6), L-methionine
(0.75), L-phenylalanine (1.65), L-proline (1.15), L-serine
(1.0), L-threonine (2.38), L-tryptophan (0.51), L-tyro-
sine (1.8), L-vahne (1.8), D-calcium pantothenate (0.1),
choline chloride (0.1), folic acid (0.1), meso-inositol
(0.2), nicotinamide (0.1), pyridoxal hydrochloride (0.1),
riboflavin (0.01), and thiamine hydrochloride (0.1).
The agar contained also the compound to be tested.

Chemicals. The diarylamidine derivatives listed in
Tables 1 through 5 were prepared according to meth-
ods already described. The compounds (and references
describing their syntheses) were: 1-4 7 24 (3); 9, 17,
9, 17, 19-21, 62-64. 70, 75, 78 (4); 12-15, 7, 23 (6);
25 (2); 2832. 46, 56 (5); 36-38, 42, 43, 4, 52-54, 79
(7); 26 (R. Brodersen, H. Loewe, and H. Ott, U.S.
patent 2,838,485, June 1958); 27 (G. Newbery and A.
P. T. Easson, U.S. patent 2,394,003, February 1946);
33, 34 (Dr. A. Wander A.G., Chem. Abstr. 64:5102,
1966); 6, 16, 41 (G. Volz, Justus Liebigs Ann. Chem.,
manuscript in preparation); 8, X8, 47, 57-61. 77 (J.
Ruff, Ph.D. thesis, University of Erlangen, Erlangen,
Federal Republic of Germany); 10, 11, 44, 45, 48,
66-69, 71, 73, 74 (H. Griesmeier, Ph.D. thesis, Univer-
sity of Erlangen, 1979); 35 (R. Schlee, Ph.D. thesis,
University of Erlangen, in preparation); 39, 40, 50,
51, 65, 71, (H. Char, Ph.D. thesis, University of Erlan-
gen, 1978); X, (H. P. Wolff, Ph.D. thesis, University
of Erlangen, 1977); 76 (E. Walkenhorst, Ph.D. thesis,
University of Erlangen, 1970).

For comparative purposes, some commercially
available antifungal substances, such as nystatin (La-
baz A. G., Basel, Switzerland), amphotericin B (Fun-
gizone; E. R. Squibb & Sons, Princeton, N.J.), pimar-
icin (Pimafucin; Mycofarm, Delft, The Netherlands),

231



232 ANNE ET AL.

5-fluorocytosine (Hoffmann-La Roche & Co., A. G.,
Basel, Switzerland), and 1-[2-(2,4-dichlorophenyl)-
2-[(2,4-dichlorophenyl)methoxy]ethyl]-lH-imidazole
(miconazole; Janssen Pharmaceutica, Beerse, Bel-
gium), were included in the antifungal assays.

Susceptibility testings. For estimation ofminimal
inhibitory concentrations, serial dilutions (1:3) of the
compounds were prepared in sterile distilled water,
and 1-ml amounts of the dilutions were mixed with 9
ml of medium and transferred to petri dishes. The
plates were then inoculated with about 103 colony-
forming units of the fungal or bacterial strain. For the
bacteria the results were recorded after an overnight
incubation (37°C), and for the fungi readings were
made after incubation at 27°C for 3 days.
The minimal inhibitory concentrations were defined

as the lowest concentrations of compound inhibiting
macroscopically visible growth of fungi or bacteria.

In vivo tests. Four- to six-week-old female NMRI
(Naval Medical Research Institute) mice weighing 18
g were used in in vivo tests. They were grouped in 12s
and inoculated intravenously with 0.2 ml of a C. albi-
cans suspension, containing 7 x 104 CFU, per mouse.
The C. albicans cells were grown overnight at 37°C,
collected, and suspended in saline. Cells were counted
after plating and incubation overnight (37°C); mean-
while, cell suspensions intended for injection were kept
at 40C.

ANTIMICROB. AGENTS CHEMOTHER.

Solutions of compound 56, miconazole, and ampho-
tericin B were prepared in 5% (wt/vol) glucose and
administered intraperitoneally at 0.2 ml once daily for
5 consecutive days starting on the day of infection.
Control mice received 0.2 ml of a 5% (wt/vol) glucose
solution. The number of deaths was recorded daily for
30 days.

RESULTS
To facilitate the discussion on the structure-

activity relationship, the compounds tested were
divided into five classes (A, B, C, D, and E)
according to the type of the amidino-substituted
skeleton. Classes A, C, and D were subdivided
according to the type of the heterocyclic ring
(indole, benzofuran, benzo[B]thiophene, indene,
or benzimidazole). Class B compounds contained
those compounds where each of the amidino-
substituted rings was a benzene. Some miscel-
laneous compounds were brought together in
class E. For each type we considered the influ-
ence of heteroatoms in the skeleton, the effect
ofthe positioning of the amidino groups, the role
ofsubstituents in the bridges connecting the ring
systems, and the role ofthe nature ofthe cationic
groups.

TABLE 1. Class A compounds and their minimal inhibitory concentrations (MICs)

R1~~ ~ ~~ R2RRI

Compound XIC (mg/ml)
no.

Y

2*a b c d e f g h i j

I. Indoles
NH CH

T #NH ClI
'7 NH CH
T (DAPI) 1N1 CH
57 NlH CNH2

HR CH

It. Benoofurans
7 O CH
T 0 Cli
9 0 CH

10 0 CH

11 0 CH

III . Benao (B)thiophenes
12i S CH

IT S CH
17 s CH
17 S CH
17 S CNH2
17 S CH

19 S CH

20 S CH

21 S CH

22 S02 CH
13 S02 CH2

IV. Indene
24 CH2 CH

Ama (5)
Am (5)
Am (6)
Am (6)
Am (6)
In (6)

A. (5)
In (5)
Am (5)
RNHNH<>' (5)
%NH2

N-CR-N(CH3)2 (5)

Am (5)
Am (5)
Am (6)
A. (6)
Am (5)
In (5)
Ix (6)

NHHCNH-e (5S)
\NH2

Nt-CNH (6)
XN112

NH
*CH-N!-NI-Ci (6)

Am (5)
Am (5)

Am (6)

Am (3)
Am (4)
Am (3)
Am (4)
Am (4)
Im (4)

Am (4)
Im (4)
NH2 (4)

,,NH
NH-C (4)

'NH2
N-CM-N(CH3)2 (6)

An (3)
Am (4)
Am (3)
Am (4)
Am (4)
Ia (4)
Im (4)

/NH
NH-C' (4)

KNH2
NH

NH-C4 (4)
"NH2

/NH
CH-N-NH-C (4)

Am (4)
Am (4)

hsn (4)

>60 >60 3 >60 3 >60 60 >60 10 -*
30 60 3 3 3 10 10 60 3 30

>60 60 10 >60 >60 10 >60 >60 10 30
10 3 1 3 1 3 3 >60 3 -

>60 >60 30 30 30 >60 >60 >60 >60 >60
>60 3 3 >60 3 10 30 >60 60 60

3 30 10 3 10 60 >60 >60 >60
>60 >60 >60 >60 >60 >60 >60 >60 >60 >60
>60 >60 >60 >60 >60 >60 >60 >60 >60 >60

60 60 10 30 10 10 60 >60 60 -

>60 >60 >60 >60 >60 >60 >60 >60 >60 >60

>60 >60 >60 >60 >60 >60 >60 >60 >60 >60
60 >60 10 3 10 10 >60 >60 '60
>60 >60 10 >60 >60 >60 >60 >60 >60 >60
10 >60 10 10 3 10 >60 >60 >60 >60
30 - 10 10 - - 30 >60 - -

>60 >60 >60 >60 >60 >60 >60 >60 >60 >60
>60 >60 >60 >60 >60 >60 >60 >60 '60 >60

10 10 3 10 3 10 10 60 3 30

10 - 10 30 - - 10 60 - -

>60 >60 >60 >60 >60 >60 >60 >60 >60 - >60

>60 >60 >60 >60 >60 >60 >60 >60 >60 >60
>60 >60 >60 >60 '60 >60 '60 '60 >60 >60

3 10 3 3 1 3 >60 3 10

Am - asidino --C ;1 In - imidazolino - Y/ I not tested
NH \N-c2

H
a Candida albicans; b Candida uuilermondii; c aCndida parapsilosis; d As rgillubs fu igatus; A As r iliusm igtr; f: Apergillus
flavus; g: >Eih csporum,utaneua; h Geotrichua candidum i:i Scopular>opsis brevicaulis; j sRihrosporumeus.ghhiir
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Antifungal activity. The minimal inhibitory
concentrations of the compounds, as assessed by
plate dilution, are presented in Tables 1 through
5. They correspond to the results obtained for
three separate tests. All assays were performed
on a synthetic totally defined medium, since
antifungal agents may show reduced activity in
undefined culture media (10). Results were gen-
erally reproducible within a limit of 1 to 3.
Within class A (Table 1) the highest antifun-

gal activity was noted for compound 4 (DAPI)
[6-amidino-2-(4-amidinophenyl)indole]. The
isosteric replacement of -NH- by -CH2-
(24) did not significantly alter its overall anti-
fungal effect. However, the isosteric replacement
of -NH- by -S- (15) or by -0- (2,7)
reduced the activity, and the replacement by
-SO2- (22, 23) even abolished it. The order of
diminishing activity depended on the positions
of the amidino groups: with -NH-, 6.4' > 5.4'

> 6.3' 5.3' (4, 2, 3, 1), with -S-, 5.4' > 6.4'
> 6.3' 5.3' ( 13, 15, 14, 12). Substitution of an
extra amino group in position 3 decreased the
activity (compare 5 with 4 and 16 with 13). On
substituting imidazolino groups for amidino
groups, the antifungal activities of type A com-
pounds generally diminished. This detrimental
effect was less pronounced with the more active
indoles (6, 4) than with the benzofurans (8, 7)
or benzothiophenes (17, 13). Less disadvanta-
geous was the replacement of the amidino
groups by guanidino groups, as shown by 10 and
7 and by 19 and 13. The antifungal activity was
abolished if one amidino group (7) was replaced
by an amino group (9) or if both (7) were
replaced by dimethylformamidino( 11) or if both
(15) were replaced by amidinohydrazone (21).
The bridge connecting the two benzene rings

in type B (Table 2) could be linear as well as
cyclic. The decreasing order of antifungal activ-

TABLE 2. Class B compounds and their minimal inhibitory concentrations (MICs)

Compound z (g/ml)
no. R 2 a b c d e f g h i j

25 (Stilbamidine CH-CH Amt Am 3 1 1 3 3 3 10 >60 10 30
isethionate)

26 (Berenil) NH-N-H Am AM 10 30 3 10 3 30 30 60 60 30

27 (Pentamidine 0-(CH2)5-0 AM AM 3 3 10 >60 3 >60 1 >60 >60 10

isethionate)

28 AM Am 10 10 1 1 10 3 3

11

29 Am AM >60 >60 >60 >60 >60 >60 >60 >60 >60 >60

H

30 Am AM >60 >60 3 3 3 30 >60 >60 10 -

31 Am Am >60 >60 >60 >60 >60 >60 >60 >60 >60 >60

32 AM Am 60 3 30 3 3 30 >60 >60 >60 >60

33 NH-C O C0-NH AM AM >60 >60 >60 >60 >60 >60 >60 >60 >60 >60

34 NH-co- c--C0-NH Ims Im >60 30 60 1 30 >60 >60 >60 >60 >60

a, *t, tat; a to j: see footnotes to Table 1.
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ity for the linear bridges, -CH=CH- (25) > tion of a double bond between a benzofuran
-N N-NH- (26) --(CH2)5-_O moiety and an indole moiety was not advanta-
(27), did not reveal any positive influence of geous (49, 50). Likewise, the antifungal activity
heteroatoms, whereas for the five-membered decreased after insertion of two or three conju-
heterocyclic bridges the order pyrrole (28) > gated double bonds between the heterocyclic
furan (30) - thiophene (32) > imidazole (29) ring systems (38, 44, 45) or after introduction of

oxdiazole (31) indicated the beneficial influ- a methyl group in the double bond of the central
ence of the heteroatomic -NH- link in the chain (42, 38). However, some activity was re-
pyrrole ring. The two representatives (33 and gained upon hydrogenation of the central chain
34) of the Phthalanilides (Dr. A. Wander A. G., (43, 42). A decrease in activity was noted upon
Bern, Switzerland) demonstrated the curious, hydrogenation of the double bond of the central
but as yet unexplained, fact that in this series chain (37, 38), and all activity was gone if the
the imidazolino groups generally conferred a central chain was shortened to -CH2- (36).
much higher biological activity than did the An imidazole ring as bridge (46) abolished the
amidino groups. activity, whereas replacement of the amidino
Type C compounds (Table 3) consisted of two groups by imidazolino groups brought about a

separated heterocyclic ring systems connected reduction in activity (47, 38; 48, 44).
by an alkyl chain or another sort of bridge. The Type D compounds (Table 4) consisted of a
order of decreasing antifungal activity was ben- heterocyclic system linked by a bridge to a ben-
zofuran (38) - indole (50, 35) > benzothiophene zene ring moiety. Within this class (as with the
(53) - benzimidazole (p54). When the positions other classes) the indole appeared to be superior
of the two amidino groups were altered in one over the benzofuran ring system (55, 62). In
or both benzofuran moieties (or indole moieties), benzofurans a bridge composed of two conju-
the order of decreasing activity was 5.5' (38, gated double bonds (67) was better than one of
50), 5.6' (39, 51), 6.6' (40). The addition of a three (68) or only one (62) double bond. An
methyl group in position 3 of the benzofuran extra methyl group (64, 62) or hydrogenation of
ring abolished the activity (41, 38). The inser- the double bond (63, 62) had a relatively mild

TABLE 3. Class C compounds and their minimal inhibitory concentrations (MICs)

Ri X R2

uIC (ug/ml)

a b c d e f R h i
I. Indole/Indole

35 NH CH NH CHRCH I= (6) Im (6) >60 10 10 3 3 30 30 >60 30 3
II. Benzofuran/Benzofuran

36 0 CH 0 CH2 Aim (5) Am (5) >60 >60 >60 >60 >60 >60 >60 >60 >60 >60
37 0 CH 0 (CH2)2 Am (5) Am (5) 3 3 >60 >60 >60 >60 30 >60 >60 >6031 0 CH 0 CH-CH Am (5) Am (5) 3 1 3 10 10 >60 10 30 >60
31 O CH 0 CH-CH Am (5) Am (6) 30 30 30 30 >60 >60 30 >60 '60 >60
40 0 CH 0 CI-CH Am (6) Am (6) 60 60 >60 >60 >60 >60 >60 >60 >60 >60U 0 CCH3 0 CH-CH Am (5) Am (5) >60 >60 >60 >60 >60 >60 >60 >60 >60 >60T 0 CH 0 CH-CCH3 Am (5) Am (5) >60 >60 >60 >60 >60 >60 >60 >60 >60 >60
3 0 CH 0 CH2-C1CH3 Am (5) Am (5) 3 >60 >60 >60 >60 3 >60 >60 >60
U 0 CH 0 (CH-CH)2 Am (5) Am (5) 10 10 30 10 >60 >60 >60 >60 '60 >60U 0 CH 0 (CH-CH) 3 Am (5) Am (5) >60 >60 >60 >60 >60 >60 >60 >60 560 >60

46 0 CR 0 43 Am (5) Am (5) >60 >60 >60 >60 >60 >60 >60 >60 '60 >60
H

47 0 CH 0 CH-CH Im (5) In (5) >60 >60 >60 >60 >60 >60 >60 '60 >60 >60
48 0 CH 0 (CH-CH)2 I. (5) In (5) >60 >60 >60 >60 >60 >60 >60 '60 >60 >60

III. Benzofuran/Indole
49 0 CR RH - Az (5) Am (5) 10 10 3 1 3 10 >60 3 -
50 0 CH NH CH-CH Am (5) A (5) 30 3 3 3 60 60 3 >60 >60 >60SI 0 CH NH CH-CH Am (5) A (6) >60 3 >60 10 >60 >60 >60 >60 >60 >60

IV. Benzofuran/Benzo(8)thiophene
52 O CH S Cl-CH Az (5) Az (5) >60 >60 >60 >60 >60 >60 >60 >60 '60 >60

V. Benzo (B) thiophene/Benzo (8) thiophene
53 s Ci S CH-CH Az (5) Az (5) >60 >60 >60 >60 >60 >60 >60 >60 >60 >60

VI. Benzimidazole/Benzimidazole
54 NH N NH CH-CR Az (5) Az (5) >60 >60 >60 >60 >60 >60 >60 >60 >60 >66

a, aim, mimi, a to j: see footnotes to Table 1.
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TABLE 4. Class D compounds and their minimal inhibitory concentrations (MICs)

no. 2~RI

Cmpowd x Y ZaIeC(hg/1)00. 1 2
a* b c d * f 9 h i i

CH-CH A. (6) A. (4)

56 mu cmI A. (6) As (4)

57 IN -cu Am (6) A (3)

58 aU CH C 1 (I) Anh (6) AM (4)

59 11 cm I.," (6) 1. (3)

60 Ni CH 2 Is (6) is (4)

61 NH CH Cocm l In (6) In (4)

Il. Benzofurane
62 0 CH CH-CH As (5) An (4)
6 O CH (CH2)2 An (5) An (4)
U 0 CH CH-CCH3 An (5) As (4)
6 o cH CO-NH A. (5) A. (4)
U O CH CH-N-NH A. (5) An (4)
67 0 CH (CH-CH)2 A. (5) A. (4)
6 0 CH (CH-CH)3 As (5) Am (4)

69 0 CH cm.C. . Am (5) As (4)

70 0 CH I N-SI A. (5) As (4)

71 0 CB C0-CH In (5) In (4)
71 0 CH (CH-CH)2 Ia (5) In (4)
71 o ci ca 0-N a (5) Is (4)

III. .so Lfithiophes C
75 S cm CO,_N Am (S) AM (4)

Um Am (5) hA (4)

3 3 3 3 3 3

3 0.3 0.3 3 1 1

10 3 3 3 3 10

10 3 10 >60 >60 >60

10 3 10 >60 260 >60

3 3 3 10 3 10

30 3 10 60 >60 460

30 30 3 >60 260 >60
30 30 1t0 260 >60 >60
60 60 30 260 >60 >60
>60 260 >60 >60 >60 >60
30 260 60 3 10 60

I I 10 10 10
30 3 >60 260 >60 >60

>60 3 >60 >60 >60 260

>60 30 >60 >60 >60 '60

>60 >60 >60 >60 >60 260
>60 >60 >60 260 >60 >60
260 '60 >60 >60 >60 '60

260 '60 260 >60 >60 >60

>60 '60 >60 >60 >60 >60

>60 60 10 >60 10 '>60

3 10 3 3

1 3 1 3

3 60 10 3

30 >60 260 >60

30 260 '60 260

3 10 3 10

60 260 260 260

I0 >60 >60 >60
3 >60 60 260

10 >60 260 >60
>60 >60 >60 >60

3 >60 - -

10 >60 10 -
>60 >60 - -

I 0 260 >60 '60

'60 >60 - -

260 260 >60 360
>60 >6Q 260 260
>60 260 260 260

>60 260 >60 >60

>60 >60 >60 260

.60 '60 60 30

*, as. 2* a to j : see footnotes to Table 1.

effect. The introduction of nitrogen in the bridge
did not afford much advantage, as evidenced by
the poor activity of compounds 70 7, and 76.
The most beneficial influence was observed by
"phenoxy-extension" (56). The optimal position
for the cationic group on the benzene ring ap-
peared to be 4' (56, 57; 60, 59). Addition of a
double bond to the phenoxyextension in the
bridge decreased the activity (58, 56; 61, 59).
Replacement of amidino groups by imidazolino
groups diminished the antifungal activity (60,
56; 59, 57; 61 58; 71, 62; 7., 67), which is in line

with the observations made with the type A and
type C compounds.
The findings obtained for the miscellaneous

compounds (type E) (Table 5) demonstrated
that the skeleton for the two cationic groups
should not be too short (77) or too rigid (79) or
angular (78) (as opposed to linear [ 13 ]).

Antibacterial activity. The structure-activ-
ity relationship for antibacterial activity of type
A compounds (Table 6) roughly paralleled the
observations for antifungal activity (Table 1
through 5). The guanidino groups appeared

I. Indoles
W5 us Cm

IV. Benziaidazole
76 11f 11
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TABLE 5. Miscellaneous compounds and their minimal inhibitory concentrations (MICs)

Compound Structure
no.

MIIC (ug/ml)

a b c d e f 8 II i i

77 II l . >60 >60 >60 >60 >60 >60 >60 >60 >60 >60

A H
Am

783 >60 >60 >60 >60 >60 >60 >60 >60 >60 >60

AmH

79 J>60 >60 >60 60 >60 >60 >60 >60 >60 >60

Reference compounds

80 5-fluorocytosine 0.1 0.1 0.1 >60 >60 0.1 -* -

81 Nystatin

82 Pinafucin 10 10 10 10 10 >60 10 30

0.1 0.1 0.1 0.3 0.1 0.3 0.1 0.3 - -

0.03 0.3 0.3 1 0.3 1 0.3 1 <0.01 -

quite favorable for antibacterial activity (20,
15; 19, 17, 13; 10, 8, 7), and whereas isosteric
replacement of -S- or -0-- by -SO2- de-
stroyed antifungal activity, some antibacterial
activity was maintained (22, 23).
For the type B compounds the same order of

antibacterial activity (Table 6) was observed as
noted for the antifungal activity (Table 2).
Among type C compounds the antibacterial

activity was generally moderate. The parallelism
between antibacterial and antifungal activity
was evident for the indoles 50, 51, 35 and the
benzofurans 38, 39, 47. The unorthodox influ-
ence of the methyl group was noticed again
(42, 43). Most striking, however, was the fact
that compound 49 [5-amidino-2-(5-amidino-ben-
zofuranyl)indole], while prominent as an anti-
fungal agent, did not possess any antibacterial
activity. On the other hand, benzimidazole 54
which was not active as an antifungal-exhibited
some antibacterial activity.
The parallelism between antifungal activity

,and antibacterial activity was also observed
within the type D compounds, except that the
most active antibacterial compound (mainly in
respect to P. mirabilis) was the imidazolino
compound 60, whereas the top antifungal com-

pound was the isosteric amidino compound 56.

In vivo tests. Since compound 56 exhibited
the greatest antifungal activity in vitro, it was
further evaluated for its efficacy in vivo. Mice
were infected intravenously with 7 x 1iO colony-
forming units of C. albicans. This dose caused
100% mortality within 3 weeks, the first dead
being observed after 9 days of infection (Fig. 1).
For comparative purposes, miconazole and am-
phothericin B were included at the same concen-
trations as compound 56, i.e., at 40 and 10 mg/
kg for miconazole and at 20 mg/kg for ampho-
tericin B. Compound 56 was tested at 40, 20, and
10 mg/kg.
Preliminary toxicity experiments revealed

that when compound 56 was administered at 40
mg/kg, all mice died within 9 days, the mean
survival time being 4.33 ± 2.50 days. When com-
pound 56 was injected at 20 mg/kg, 40% of the
mice died before day 30, but when injected at 10
mg/kg, compound 56 did not cause casualties.
Likewise, no mortality was noted upon intraper-
itoneal administration of miconazole at 40 mg/
kg or amphotericin B at 20 mg/kg.
The protective effect of compound5, micon-

azole, and amphotericin B in Candida-infected
mice is shown in Fig. 1. Amphotericin B was the

83 Amphotericin B

84 Miconazole

*, ate; a to j see footnotes to Table 1.
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TABLE 6. Antibacterial activities of diarylamidine derivatives
Minimal inhibitory concentration (Ag/ml) for:

Compounda
S. faecalis S. aureus E. coli P. mirabilis B. subtilis

2 30 3 >60 >60 3
3 30 10 >60 >60 30
4 3 3 3 >60 b

5 60 10 60 >60
6 60 10 10 >60 -

7 >60 60 >60 >60 30
10 60 30 >60 >60 30
12 >60 30 >60 >60 >60
13 10 30 >60 >60 30
16 >60 10 >60 >60 -

17 60 10 60 >60 60
19 10 10 60 >60 10
20 10 10 10 >60 10
22 30 10 >60 >60 60
23 30 10 60 >60
24 10 3 10 >60
25 >60 10 >60 >60
26 10 10 >60 >60 30
27 10 3 60 >60 30
28 10 10 10 >60 10
30 10 3 >60 >60 30
32 60 30 10 >60 >60
34 60 3 >60 >60 10
35 10 3 30 >60
36 60 10 >60 >60 10
37 60 10 >60 >60 10
38 60 10 >60 >60 10
39 60 30 >60 >60 10
40 10 10 >60 >60 10
43 30 10 >60 >60 10
44 >60 30 >60 >60 30
50 60 10 10 >60 >60
51 60 10 60 >60 -

54 60 10 >60 >60
55 10 3 10 >60 -

56 1 1 1 >60 10
57 10 3 60 >60 _
58 10 3 10 60 10
59 3 1 3 >60 3
60 1 1 3 3 1

61 3 1 10 >60 1
62 >60 30 >60 >60 30
63 >60 10 >60 >60
64 >60 10 >60 >60 30
65 >60 3 >60 >60 3

67 30 3 >60 >60 10

68 >60 10 >60 >60 10
69 >60 10 >60 >60 10
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TABLE 6-continued
Minimal inhibitory concentration (yg/ml) for:

Compounda
S. faecalis S. aureus E. coli P. mirabilis B. subtilis

70 30 10 30 >60 -

74 >60 30 >60 >60 10
75 >60 10 >60 >60 10
76 >60 10 >60 >60 60

80 0.1 0.3 60 60 30
84 >60 <0.3 >60 >60 >60

a Compounds not mentioned in the table have minimal inhibitory concentrations of260 lAg/ml for all bacterial
species tested. P. aeruginosa was also included in the antibacterial assay systems, but none of the compounds
showed any inhibitory effect on this species at 60 Ag/ml (the highest concentration tested).b , Not tested.

most efficient compound; all mice treated with
amphotericin B survived. Miconazole, which was
administered below its optimum dose (J. Van
Cutsem, personal communication), offered a
moderate protection: at 40 mg of miconazole per
kg, 35% of the mice survived, and at 20 mg/kg,
25% survived. The protective effect ofcompound
56 (10 mg/kg) was inferior to those observed
with miconazole and amphotericin B. Higher
doses of compound 56 could not be used because
of its toxic effects. Therefore, one must conclude
that compound 56, in spite of its excellent anti-
fungal properties in vitro, does not show much
promise as an antifungal agent in vivo.

DISCUSSION
From a series of 79 diarylamidine derivatives

divided into five types according to structure,
the greatest antifungal activity in vitro was ob-
served with DAPI (4) among type A com-
pounds, stilbamidine isethionate (25) among
type B compounds, 1,2-bis-(5-amidino-2-benzo-
furanyl)ethylene (3) among type C com-
pounds, and 6-amidino-2- [4- (4'-amidinophen-
oxy)phenyl]indole (56) among type D com-
pounds. Compound 56 was even more active
against Candida than were nystatin or pimaricin
and almost as effective as amphotericin B, 5-
fluorocytosine, or miconazole. It showed also
good activity against G. candidum, S. brevicau-
lis and M. vanbreuseghemii. Its imidazolino de-
rivative 6-imidino-2-[4-(4'-imidinophenoxy)-
phenyl]indole (60) was most effective against
bacteria (especially P. mirabilis).
The in vivo tests in mice indicated that al-

though compound 56 showed some protective
effect against Candida, this compound may be
too toxic for systemic use.
A survey of the structure-activity relationship

demonstrated that minor structural variations
resulted in significant changes ofboth antifungal
and antibacterial activities. These activities de-
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FIG. 1. Comparison of the protective effects of the
heterocyclic diarylamidine compound 56 (U) at 10
mg/kg, amphotericin B (A) at 20 mg/kg, and micon-
azole (0) at 20 mg/kg in mice infected with 7 x 10'
colony-forming units of C. albicans. Infected control
mice (0) were treated intraperitoneally with 0.2 ml of
a 5% (wt/vol) glucose solution.

pended on the planarity of the molecule, the
presence of amidino groups, the nature of the
bridge connecting the two aryl moieties (prefer-
ably a phenoxy extension) and the nature of the
aryl rings (preferably indole).
The mechanism by which diarylamidine de-

rivatives exert their antifungal and antibacterial
activities may be related to a direct binding of
the compounds to nucleic acids, as has been
documented in previous studies (12). Since ami-
dino- or guanidino-substituted diaryl derivatives
are in general superior in activity to the imida-
zolino-substituted diaryl derivatives, one may
also envisage a direct interaction of the di-
arylamidines with some proteins (akin to argi-
nine-specific esteroproteases) (17).
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