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Antibacterial and Antifungal Activities of Benzimidazole and
Benzoxazole Derivatives
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The in vitro antibacterial and antifungal activities of six benzimidazole and
benzoxazole derivatives were tested against standard strains and 59 clinical
isolates. Of the six compounds, only compounds II and III (both benzoxazoles)
were active, whereas the rest were devoid of any activity. Considerable growth
inhibition of all of the standard strains, including fungi and gram-positive and
gram-negative bacteria, resulted when they were treated with these compounds.
Fifty-nine clinical isolates of Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus were tested for susceptibility to the two compounds. The
most susceptible were the S. aureus isolates. The two compounds were of
comparable activity against all of the isolates, with compound III showing a

slightly higher activity than compound II. Their respective minimal inhibitory
concentrations for 90% inhibition of S. aureus were 25 and 50 yg/ml. The gram-
negative bacteria were resistant to the two compounds and required minimal
inhibitory concentrations of 200 ,tg/ml for a similar degree of inhibition.

The antimicrobial activities of imidazoles and
benzimidazoles have long been established. De-
rivatives of these compounds are known for their
antibacterial (7, 14), trichomonacidal (1, 2), an-
thelnintic (3), fungicidal (5, 6, 13, 15), and anti-
viral (4, 8) activities. The success with these
compounds stimulated the search for new bio-
logically active derivatives. Several thousands of
analogs of imidazole and benzimidazole have
been synthesized and screened for pharmacolog-
ical activity. Some of these compounds exhibited
anticancer activity (10). In a recent review on

the chemistry of imidazoles and benzimidazoles

(9), a list of commercially available compounds
and their therapeutic uses was included.
The objective of the present work was to

investigate the antibacterial and antifungal ac-

tivities of a benzimidazole derivative and five
benzoxazole analogs of benzimidazole.

MATERIALS AND METHODS
Organisms. The sources of the standard strains

used in this study, and their strain numbers, are as

follows. Escherichia coli 10418, Proteus vulgaris 4635,
Proteus mirabilis 3177, Proteus rettgeri 7475, Pseu-
domonas aeruginosa 10662, Streptococcus faecalis

TABLE 1. Combined antibacterial and antifungal activities of benzimidazole derivatives and
dimethylformamidea

Diameter of inhibition zone (mm) for compounda:

Organism I II III IV V VI DMF

C, C2 C, C2 C, C2 C, C2 C, C2 Cl C2 C, C2

Staphylococcus aureus 11 15 40 51 47 57 15 10 17 12 18 11 10 17
Escherichia coli - - 15 20 19 25 - - - - - - - -
Proteus vulgaris 10 21 30 45 35 42 11 19 12 24 12 19 15 24
P. mirabilis - 16 18 36 19 35 - 17 - 17 - 17 - 16
P. rettgeri 10 20 31 40 34 40 13 20 13 21 13 21 15 20
Pseudomonas aeruginosa - - 12 16 18 20
Streptococcus faecalis - - 16 20 20 23
Mycobacterium fortuitum - - 24 30 26 29
Candida albicans - 19 22 43 15 41 - 19 - 18 - 17 - 18
Saccharomyces cerevisiae - 17 25 45 18 41 - 17 - 19 - 17 - 18
Aspergillus niger - 11 19 37 15 37 - 10 - 11 - 12 - 12

a Cl, 5 mg/mi in 50% dimethylformamide (DMF); C2, 10 mg/mi in 100% DMF; -, no inhibition.
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FIG. 1. Chemical structures of benzimidazole and
benzoxazole derivatives.

775 (enterococcus group D), Staphylococcus aureus

6571 (Oxford Hospital), Mycobacterium fortuitum
8573, and Saccharomyces cerevisiae 10716 were from
the National Collection of Type Cultures Public
Health Laboratory (London, United Kingdom). Can-
dida albicans 3153 and Aspergillus niger 2022 were

from the Mycological Reference Laboratory, London
School of Hygiene (London). The 59 clinical isolates
were obtained from King Abdulaziz University Hos-
pital, Riyadh.

Media. For all bacterial strains brain heart infusion
broth was used for subculture, and Mueller-Hinton

agar was used for both growth inhibition studies and
determination of minimum inhibitory concentrations
(MICs). The media used for yeasts and fungi were
Sabouraud glucose broth and agar, respectively.
Chemicals. The benzimidazole derivative and the

five benzoxazoles were synthesized in the Chemistry
Laboratory, College of Pharnacy, University of Ri-
yadh (11; Zubair and Al-Badr, unpublished data). The
structures of all the compounds are given in Fig. 1.
Stock solutions (10 mg/ml) were prepared in di-
methylformamide. Dilutions were made in sterile dis-
tilled water to give the working solutions.
Measurement of growth inhibition and of

MICs. The diffusion technique generally used for anti-
biotic screening was adopted for growth inhibition
studies; the diameter of the cup was 6 mm. The MICs
were determined by the twofold agar dilution method
(12).

RESULTS AND DISCUSSION

Preliminary values for growth inhibition of
different microorganisms treated with benzimi-
dazole and benzoxazole derivatives are shown in
Tables 1 and 2. The values in Table 1 represent
the combined activities of the compounds and
solvent. The inhibitory activity of the solvent
was subtracted from the joint activities, and the
result is shown in Table 2. Only compounds II
and III showed activity against all of the stan-
dard test organisms, including fungi and gram-
positive and gram-*negative bacteria. The two
active compounds were benzoxazoles. The three
other benzoxazoles and the benzimidazole deriv-
ative were devoid of activity against all of the
organisms tested.
The majority of imidazoles, benzimidazoles,

and their derivatives and analogs are used
mainly as fungicides and anthelmintics (9). How-
ever, compounds I and II were active against
both bacteria and fungi. The two compounds
appeared to be more active against gram-posi-
tive bacteria than against gram-negative bacte-
ria, with the exception of Streptococcus faecalis,
which exhibited a susceptibility similar to that
of the gram-negative bacteria. In a few instances,
the diameters of the inhibition zones did not
differ markedly with the two concentrations of
the test compounds, e.g., for compound II
against P. vulgaris, P. mirabilis, P. rettgeri, and
P. aeruginosa. The inhibition zone increased
with decrease in drug concentration on only one
occasion, i.e., compound III against P. vulgaris.
Table 3 shows the MICs of compounds II and

III against the standard organisms, and Table 4
shows the MICs of compounds II and III needed
to inhibit 50, 75, and 90% of the clinical isolates.
The standard organisms varied in their suscep-
tibilities to the two compounds. S. aureus
showed the lowest MIC, followed by M. fortui-
tum, the fungi, S. faecalis, and the gram-nega-
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TABLE 2. Antibacterial and antifungal activities of benzimidazole derivatives'
Diameter of inhibition zone (mm) for compound:

Organism I II III IV V VI

C, C2 Cl C2 C, C2 C, 02 C, c2 C, C2

Staphylococcus aureus - - 30 34 37 40 - - - - - -

Escherichia coli - - 15 20 19 25 - - - - - -

Proteus vulgaris - - 15 21 20 18 - - - - - -
P. mirabilis - - 18 20 19 19 - - - - - -

P. rettgeri - - 16 20 19 20 - - - - - -

Pseudomonasaeruginosa - - 12 16 18 20 - - - - - -

Streptococcus faecalis - - 16 20 20 23 - - - - - -

Mycobacterium fortuitum - - 24 30 26 29 - - - - - -

Candida albicans - - 22 25 15 23 - - - - - -

Saccharomyces cerevisiae - - 25 27 18 23 - - - - - -

AspergiUus niger - - 19 25 15 25 - - - - - -

0C1, 5 mg/ml; C2, 10 mg/ml; -, no inhibition. Values represent the activities of the drugs after subtracting the
activity of the solvent.

TABLE 3. MICs of compounds II and III against
standard organisms

Organism Compound MIC (Ag/

Escherichia coli NCTC 10418 II 100
III 100

Proteus vulgaris NCTC 4635 II 100
III 100

P. mirabilis NCTC 3177 II 100
III 100

P. rettgeri NCTC 7475 II 100
III 100

Pseudomonas aeruginosa NCTC II 200
10662 III 100

Streptococcus faecalis NCTC II 100
775 III 100

Staphylococcus aureus NCTC II 6.2
6571 III 6.2

Mycobacterium fortuitum NCTC II 25
8573 III 25

Saccharomyces cerevisiae 1I 25
NCTC 10716 II 50

Candida albicans 3153b 50
III 50

Aspergillus niger 2022b II 50
III 50

'NCTC-National Collection of Type Cultures,
London.

b From the Myocological Reference Laboratory,
London School of Hygiene, London.

tive organisms. P. aeruginosa was the most re-
sistant to compound II. The most susceptible of
the isolates were those of S. aureus. The two
compounds showed similar activities against all
isolates, compound III being slightly more active
than compound II against S. aureus isolates.
Their MICs for 90% inhibition were 25 and 50
,ug/ml, respectively. On the other hand, the
gram-negative bacterial isolates were resistant

TABLE 4. Activity of compounds II and III against
clinical isolates

Organism Com- MIC (Jg/ml) to inhibit:
(no. of i pound R

lates) Range 50% 70o 90%

S. aureus

(21)
II 6.2-200 25 25 50

III 6.2-200 12.5 25 25

E. coli (26) II 100-200 100 200 200
III 100-200 100 200 200

P. aerugi-
nosa (12)

II 100-200 200 200 >200

III 100-200 200 200 >200

to the two compounds, the MICs of which for
90% inhibition were equal to or greater than 200
,ug/ml.

ACKNOWLEDGMENT
We thank Hassan El-Sammani for his technical assistance.

LTERATURE CITED

1. Cavelleri, B., G. Volpe, V. Arioli, F. Pizzocheri, and
A. Dienna. 1978. Synthesis and biological activity of
new 2-Nitroimidazole derivatives J. Med. Chem. 21:
781-784.

2. Cosar, C., C. Crisan, R. Horclois, R. M. Jacob, J.
Robert, S. Tchelitscheff, and R. Vaupre. 1966. Ni-
troimidazoles. Arzneim. Forsch. 16:23-29.

3. Cuckler, A. C., and K. C. Mezey. 1966. The therapeutic
efficacy of thiabendazole for helminthic infections in
man. Arzneim. Forsch. 16:411-428.

4. Hollinshead, A. C., and P. K. Smith. 1958. Effects of
certain purines and related compounds, on virus prop-
agation. J. Pharmacol. Exp. Ther. 123:54-68.

5. Kilgore, W. W., and E. R. White. 1970. Decomposition
of the systemic fungicide 1991 (Benlate). Bull. Environ.
Contam. Toxicol. 5:67-69.

6. Maxwell, B. 1971. Antifungal activity of selected benzim-
idazole compounds. Appl. Microbiol. 21:944-945.

7. Nakamura, S. 1955. Structure of azomycin, a new anti-
biotic. Chem. Pharm. Bull. 3:379-383.

31VOL. 19, 1981



32 ELNIMA, ZUBAIR, AND AL-BADR

8. O'Sullivan, D. C., and A. K. Wallis. 1972. Antiviral
benzimizoles. Direct 1-substitution of2(a-hydroxyl) ben-
zimidazole and related compounds. J. Med. Chem. 15:
103-104.

9. Preston, P. N. 1974. Synthesis, reactions, and spectro-
scopic properties of benzimidazoles. Chem. Rev. 74:
279-314.

10. Salmon, S. E., and M. Apple. 1976. Cancer chemother-
apy, p. 470-503. In F. H. Meyers, E. Jawetz, and A.
Goldfien (ed.), Review of medical pharmacology, 1976.
Lange Medical Publications, Los Altos, Calif.

11. Siegart, R. W., and A. R. Day. 1957. Metabolite analogs.
VII. The preparation of some benzimidazolyl analogs of
ethyl pteroglutamate. J. Am. Chem. Soc. 79:4391-4394.

12. Steers, E., E. L. Folz, and B. S. Graves. 1959. An

ANTIMICROB. AGENTS CHEMOTHER.

inocula replicating apparatus for routine testing of bac-
terial susceptibility to antibiotics. Antibiot. Chemother.
9:307-311.

13. Tikhonova, N. A., N. L. Poznanskaya, V. A. Rusa-
kova, S. N. Ivanova, Yu. N. Fadeev, Yu. N. Ivan-
chenko, N. I. Skvetsov-Shilkovskii, N. N. Melni-
kov, and G. I. Zhilsova. 1973. Mikol. Fitopatol. 7:450-
451.

14. Verma, R. S., and S. A. Immam. 1975. Antimicrobial
activity of 3-substituted 6-nitrobenzoxazolin-2-ones, 6-
chlorobenzoxazolin-2-ones, and benzoxazolin-2-thiones.
Def. Sci. J. 25:67-68.

15. Walker, K. A. M., A. C. Braemer, S. Hitt, R. E. Jones,
and T. R. Mathews. 1978. A new potent antifungal
agent. J. Med. Chem. 21:840-842.


