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 Introduction 

 The noticeably increasing numbers of multi-drug-re-
sistant microbial infections have become a serious health 
care problem. In particular, the appearance of multi-
drug-resistant strains of Gram-positive bacterial patho-
gens such as  Staphylococcus aureus  (methicillin-resistant, 
MRSA) and  Enterococcus  ( Staphylococcus epidermidis  
and vancomycin-resistant) is causing serious problems in 
health care  [1–3] . Also there has been a noteworthy in-
crease of systematic fungal infection in humans. Organ 
transplant and anticancer chemotherapy patients, receiv-
ing long-term treatment with antimicrobial drugs, and 
AIDS patients are immunosuppressed and very defense-
less to fungal infections such as candidiasis, cryptococ-
cosis and aspergillosis.

  Hydrazone-type compounds containing an azome-
thine constitute an important class of compounds for 
new drug development. It is well known that the hy-
drazone group plays an important role in antimicrobial 
activity  [4–6] . It has been claimed that a number of hy-
drazide-hydrazone derivatives possess interesting anti-
bacterial-antifungal  [7, 8] , anticonvulsant  [9] , anti-in-
flammatory  [10] , and antituberculosis activities  [11–14] .

  Electron-rich nitrogen heterocyclic compounds play 
an important role in diverse biological activities  [15] . In-
dole has been reported to have an inhibitory effect on 
several fungi  [16, 17] . Some indole derivatives show sig-
nificant antimicrobial activity; examples include 1H-in-
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 Abstract 

  Background:  Indoles and hydrazone-type compounds con-
stitute an important class of compounds for new drug devel-
opment in order to discover an effective compound against 
multi-drug-resistant microbial infections.  Methods:  A series 
of indole-3-aldehyde and 5-bromoindole-3-aldehyde hy-
drazide and hydrazones was evaluated for their in vitro anti-
microbial activities using the 2-fold serial dilution technique 
against  Staphylococcus aureus , methicillin-resistant  S. aureus  
(MRSA),  Escherichia coli ,  Bacillus subtilis  and  Candida albicans . 
The minimum inhibitory concentration (MIC) was deter-
mined for test compounds and for the reference standards 
sultamicillin, ampicillin, fluconazole and ciprofloxacin.  Re-

sults:  Compounds possessed a broad spectrum of activity 
having MIC values of 6.25–100 mg/ml against the tested mi-
croorganisms. Compounds  1a–1j , in particular, displayed 
better activity against MSRA and significant activity against 
 S. aureus  relative to ampicillin. Unexpectedly, indole nico-
tinic acid hydrazides showed no significant activity while
indole anisic acid hydrazides displayed better activity.  Con-

clusion:  The results may be instructive to researchers at-
tempting to gain more understanding of the antimicrobial 
activity of indole hydrazide/hydrazone-type compounds. 
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dole-2-one derivatives  [18] , Schiff and Mannich bases of 
isatin (indole-2,3-dione)  [19] , its 5-chloro and 5-bromo 
derivatives  [20]  and triazole derivatives  [21] , thiosemi-
carbazide indole derivatives  [22] , indolocarbazoles  [23] , 
monoindolyl and indolocarbazolyl oxazolones and imid-
azolones  [24]  and indolo-benzo-triazine  [25] . Recently 
antimicrobial effects of indole-3-carbinol against various 
human pathogens and its mode of action regarding anti-
fungal activity against fungal pathogens were reported 
 [26] . A tryptophan-rich antimicrobial peptide indolici-
din has 13 amino acids and is highly active against  S. au-
reus  and  Escherichia coli   [27] .

  These investigations led to the conception that hydra-
zide/hydrazone derivatives of indole-3-aldehyde would 
potentially possess antimicrobial properties. In this pa-
per, antimicrobial properties of sixteen indole hydrazide/
hydrazone derivatives were reported ( fig. 1 ). Except for 
compounds  1a   [28] ,  1b   [29] ,  1k   [30] ,  1l   [31] ,  1n   [32] , and 
 1o   [33] , the synthesis and characterization of the com-

pounds were published in our earlier study  [34] . The re-
sults of this study may be useful to researchers attempting 
to gain more understanding of the antimicrobial activity 
of indole hydrazide/hydrazone-type compounds.

  Materials and Methods 

 Chemistry 
 Formylation was performed on indole and 5-bromoindole de-

rivatives with POCl 3  and N,N-dimethyl formamide to result in 
indole/5-Br-indole-3-carboxaldehydes that were condensed with 
appropriate amines, finally to result in indole hydrazide/hydra-
zone derivatives  [34] .

  In vitro Antimicrobial and Antifungal Activities of Indole 
Derivatives 
 In antibacterial and antimycotic assays, the compounds and 

the standards were dissolved in 12.5% DMSO at concentrations 
of 200  � g/ml. Further dilutions of the compounds and standard 
drugs in the test medium were prepared at the required quantities 
of 400, 200, 100, 50, 25, 12.5, 6.25, 3.12, 1.56 and 0.78  � g/ml con-
centrations with Mueller-Hinton broth and Sabouraud dextrose 
broth. The minimum inhibitory concentrations (MIC) were de-
termined using the 2-fold serial dilution technique  [35, 36] . A con-
trol test was also performed containing inoculated broth supple-
mented with only ethanol at the same dilutions as those used in 
our experiments and this was found to be inactive in the culture 
medium. All the compounds were tested for their in vitro growth 
inhibitory activity against  Candida albicans  ATCC 10145 as fun-
gus,  S. aureus  ATCC 25923,  Bacillus subtilis  ATCC 6633, MRSA 
standard ATCC 43300, MRSA isolate as Gram-positive bacteria 
and  E. coli  ATCC 23556 as Gram-negative bacteria. ATCC strains 
of the microorganisms used in this study were obtained from the 
culture collection of the Refik Saydam Health Institution of 
Health Ministry, Ankara, and maintained at the Microbiology 
Department of the Faculty of Pharmacy of the Ankara University. 
Sultamicillin, ampicillin, fluconazole and ciprofloxacin were 
used as control drugs. MIC (mg/ml) values of the antimicrobial 
activity of the compounds and the control drugs are given in  ta-
ble 1 .

  Antibacterial and Antifungal Activity Assay 
 The cultures were obtained from Mueller-Hinton broth (Dif-

co) for all the bacterial strains after 24 h of incubation at 37  8  
1   °   C.  C. albicans  was maintained in Sabouraud dextrose broth 
(Difco) after incubation for 24 h at 25  8  1   °   C. Testing was carried 
out in Mueller-Hinton broth and Sabouraud dextrose broth (Dif-
co) at pH 7.4 and the 2-fold serial dilution technique was applied. 
The final inoculum size was 10 5  CFU/ml for the antibacterial as-
say and 10 4  CFU/ml for the antifungal assay. A set of tubes con-
taining only inoculated broth was used as controls. After incuba-
tion for 24 h at 37  8  1   °   C for the antibacterial assay and for 48 h 
at 25  8  1   °   C for the antifungal assay, the last tube with no growth 
of microorganism and/or yeast was recorded to represent the MIC 
(expressed in mg/ml). Every experiment in the antibacterial and 
antifungal assays was performed in duplicate. 
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  Fig. 1.  Indole-3-aldehyde hydrazide/hydrazone derivatives.   
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 Results and Discussion 

 The antibacterial activity of compounds against MRSA 
standard and MRSA isolate showed promising results 
when it was compared to the control drug ampicillin. 
Compounds  1a – 1j  and  1p  with an MIC value of 6.25  � g/
ml indicated more potent antimicrobial activity than am-
picillin for which the MIC is 12.5  � g/ml. Also  1k ,  1m  and 
 1o  showed moderate activity against MSRA standard and 
MSRA isolate.

  Against  B. subtilis  with the exception of compound  1n , 
all the compounds indicated more potent or similar ac-
tivity (compound  1l  and  1m ) than that of ampicillin. 
Compounds  1b–1d ,  1f  and  1g  showed moderate activity 
against  B. subtilis  compared to ampicillin; however, all 
the compounds showed lower activity than sultamicillin 
and ciproflaxacin against  B. subtilis .

   Table 1  indicates that all the compounds showed lower 
antibacterial activity against the screened  S. aureus  than 
the control drugs. However compounds  1a–1j  showed 
moderate activity with an MIC value of 6.25  � g/ml when 
it was compared to ampicillin with an MIC value of 1.56 
 � g/ml. None of the compounds showed any significant 
activity against  E. coli .

  Among the tested compounds  1j  showed good anti-
fungal activity against  C. albicans  with an MIC value of 
3.125  � g/ml which was close to that of fluconazole (MIC 
0.78  � g/ml). In previous studies, the indole ring was 
found not to be a very strong antimicrobial agent in in-
hibiting the growth of microorganisms but it was found 
to have a wide antifungal spectrum  [37] . This antifungal 
mode of action of indole derivatives was investigated by 
Sung et al.  [26]  by the change in the membrane dynamics 
that was monitored by using fluorescence changing ex-
periments against  C. albicans . The results suggest that 
indole derivatives may exert antifungal activity by dis-
rupting the structure of the cell membrane. Also, the in-
dole derivative CBR-4830 that was discovered through a 
whole-cell antibacterial screen as a growth inhibitor of 
efflux-compromised  Pseudomonas aeruginosa  strains 
 [38] .

  Falla et al.  [39]  showed that indolicidin is capable of 
killing Gram-negative bacteria by crossing the outer 
membrane and causing disruption of the cytoplasmic 
membrane by channel formation. Lee et al.  [40]  reported 
that the fungicidal activity indolicidin involves disrup-
tion of the structure of cell membranes, via direct inter-
action with the lipid bilayers, in a salt-dependent and en-
ergy-independent manner.

Table 1. MIC values (�g/ml) of compounds 1a–1p

S. aureus MRSA standard MRSA isolate E. coli B. subtilis C. albicans

1a 6.25 6.25 6.25 50 25 6.25
1b 6.25 6.25 6.25 50 6.25 6.25
1c 6.25 6.25 6.25 50 6.25 6.25
1d 6.25 6.25 6.25 50 6.25 6.25
1e 6.25 6.25 6.25 50 25 6.25
1f 6.25 6.25 6.25 50 6.25 6.25
1g 6.25 6.25 6.25 50 6.25 6.25
1h 6.25 6.25 6.25 50 12.5 6.25
1i 6.25 6.25 6.25 50 12.5 6.25
1j 6.25 6.25 6.25 50 12.5 3.125
1k 25 25 50 100 25 50
1l 25 100 100 50 50 50
1m 50 50 50 100 50 50
1n ≥100 100 100 100 100 ≥100
1o 25 25 25 50 12.5 25
1o 50 50 50 50 25 25
1p 12.5 6.25 6.25 50 25 25
Sultamicillin 0.78 – – – 0.78 –
Ampicillin 1.56 12.5 – – 50 –
Fluconazole – – – – – 0.78
Ciprofloxacin 0.19 – – 0.09 0.09 –
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  The ways in which different Schiff base compounds 
react with bacteria and fungi vary due to the difference 
in their structures. The biological activity of compounds 
depends on individual properties including structure, af-
finity for the target, and survival in the medium of ap-
plication and biological system and state of the target or-
ganism  [41, 42] . The structure-activity relationships of 
these Schiff base derivatives indicated that the aromatic-
ity seemed to be important for the antimicrobial activity. 
Generally, the activity of compounds was increased with 
the introduction of halogens. In this study compounds 
 1b–1j  were found to be the most potent antimicrobial 

agents, indicating that the halogen atom plays an impor-
tant role in the antimicrobial activity of Schiff bases. 
Moreover, indole nicotinic acid hydrazides ( 1l–1n ) 
showed no significant activity while indole anisic acid hy-
drazides ( 1k–1m ) indicated better activity.

  In conclusion, the most significant results were ob-
tained against MRSA standard and MRSA isolate with 
the compounds  1a–1j  and  1p  that showed more potent 
activity than ampicillin. Evidently, further studies are 
needed to better understand the efficacy of indole-3-alde-
hyde and 5-bromoindole-3-aldehyde hydrazide-hydra-
zones for the development of new antimicrobial agents.
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