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Studies on curcumin, the principal element of turmeric powder, have demonstrated several biological 
actions such as antibacterial activity. Evaluation of new analogs or new compounds of curcumin for their 
antibacterial effect is interesting for researchers. In this in vitro study, we attempted to test the 
antibacterial activity of indium curcumin (In(CUR)3), indium diacetylcurcumin (In(DAC)3), and 
diacetylcurcumin (DAC) in comparison with curcumin. The action of these agents were examined on 
Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 14990), Pseudomonas 
aeruginosa (ATCC 27853), and Escerichia coli (ATCC 25922). Curcumin was effective against S. aureus 
and S. epidermidis, whereas In(DAC)3 showed activity against S. epidermidis and P. aeruginosa. The 
effect of In(DAC)3 on P. aeruginosa is an advantage. Strikingly, In(CUR)3 exhibited antibacterial activity 
on all the four mentioned strains. DAC did not show antibacterial effect on any of the four test bacteria. 
The minimum inhibitory concentration (MIC) of curcumin was 187.5 µg/ml for S. aureus, and 46.9 µg/ml 
for S. epidermidis. However, the MIC of In(CUR)3 was lower for the same bacterial strains (93.8 µg/ml for 
S.aureus and 23.4 µg/ml for S. epidermidis). Therefore, In(CUR)3 was found to have more antibacterial 
effect than curcumin itself and could be a suitable candidate for further in vivo investigations. 
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INTRODUCTION 
 
Development of bacterial resistance to the available 
antibiotics and increasing popularity of traditional medicine 
has led researchers to investigate the antibacterial 
compounds in plants. Curcuma longa is a medicinal plant 
that botanically is related to Zingberiaceae family 
(Chattopadhyay et al., 2004). Turmeric powder, derived 
from the rhizome of C. longa, is commonly used as a 
spice, food preservative, and food-coloring agent 
(Aggarwall et al., 2007; Di Mario et al., 2007; Menon and 
Sudheer, 2007). It also has a long history of therapeutic 
use (Chattopadhyay et al., 2004). Curcumin [1,7-bis 
(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione; 
Diferuloylmethane], a yellow bioactive pigment, is the 
major component of  turmeric  (Mohammadi  et  al.,  2005;  
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Menon and Sudheer, 2007; Hatcher et al., 2008). It has 
been shown that curcumin have a wide spectrum of 
biological actions such as anti-inflammatory (Punithavathi 
et al., 2000; Siddiqui et al., 2006), antioxidant 
(Mohammadi et al., 2005; Menon and Sudheer, 2007), 
anticancer (LoTempio et al., 2005), antidiabetic (Aggarwal 
et al., 2007), antiallergic (Suzuki et al., 2005), antiviral (Si 
et al., 2007), antiprotozoal (Reddy et al., 2005) and 
antifungal activities (Chattopadhyay et al., 2004). 
Moreover, anti- bacterial activity of curcumin has been 
reported (Chattopadhyay et al., 2004; Di Mario et al., 2007; 
Rai et al., 2008).                                

Synthetic modification of previously described antibac- 
terial agents has been prominent in the development of 
new compounds which may possess an enhanced 
antibacterial activity or new pharmacological properties. 
There are reports on synthesis of mono-carbonyl 
analogues of curcumin (Liang et al., 2008) or preparation 
of bioactive conjugates of curcumin (Dubey et al., 2007) in  



 
 
 
 
order to increase antimicrobial and anticancer activity. 
Furthermore, it has been shown that indium curcumin 
complex (a metal complex of curcumin), diacetylcurcumin, 
and indium diacetylcurcumin have anticancer activity 
(Mohammadi et al., 2005). The objective of the present 
study was to evaluate the antibacterial activity of indium 
curcumin, indium diacetylcurcumin, and diacetylcurcumin 
compared with curcumin.                                                                         
 
 
MATERIALS AND METHODS 
 
Bacterial strains and maintenance procedure 
 
Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis 
(ATCC 14990), Psudomonas aeruginosa (ATCC 27853), and 
Escherichia coli (ATCC 25922) were used as test organisms. The 
strains were cultured on brain heart agar (Merck, Germany). 
Afterwards, grown bacterial colonies were picked from the plate, 
suspended in sterile skim milk (Merck, Germany) containing 10% 
glycerol (Merck, Germany) and stored at -20ºC.   
 
 
Antibacterial activity assay 
 
The test agents in this study were curcumin, indium curcumin 
(In(CUR)3), indium diacetylcurcumin (In(DAC)3) and diacetylcur- 
cumin (DAC). Curcumin (Sigma) was purchased and then, DAC, 
In(CUR)3, and In(DAC)3 were prepared as previously described 
(Mohammadi et al., 2005). Stock solution of the test agents were 
made up in DMSO (dimethylsulfoxide; Merck, Germany) to ensure 
complete solubilization (Mohammadi et al., 2005; Liang et al., 2008). 
The fresh culture of aforementioned strains was prepared and 
antibacterial activity of each test agent against each bacterium was 
examined as follows: in the test tube containing Mueller Hinton broth 
(Merck, Germany), a bacterial concentration of 5 × 105 colony 
forming units (CFU)/ml (Forbes et al., 2007) was tested with 375 
µg/ml of the test agent. Moreover, a tube of the Mueller Hinton broth 
containing the same bacterial concentration, but without the test 
agent, was used as growth control, and another tube of the 
uninoculated Mueller Hinton broth containing the same concentration 
of test agent was used as negative growth control (Forbes et al., 
2007). Also, a tube of Mueller Hinton broth containing the same 
bacterial concentration and DMSO, but without test agent, was 
prepared to control and rule out antibacterial effect of DMSO in the 
test tube. The test tube and three mentioned control tubes were 
incubated at 37ºC for 24 h. After incubation, antibacterial activity of 
test agent in the test tube was detected by lack of turbidity (matching 
the negative growth control) which indicating the inhibition of 
bacterial growth (Talaro and Talaro, 2002; Forbes et al., 2007).                                   
 
 
Minimum inhibitory concentration (MIC) 
 
Broth dilution method was used to determine the MIC of the test 
agents (Talaro and Talaro, 2002; Forbes et al., 2007). Test agents 
were added as serial dilutions to a series of tubes containing Mueller 
Hinton broth so that the concentrations ranged from 375 to 2.9 µg/ml. 
The bacterial concentration in each tube was 5 × 105 CFU/ml. Three 
kinds of controls, similar to that described above, were also 
prepared. After incubation (37ºC for 24 h), the lowest concentration 
of the agent that led to inhibit the growth of microorganism, was 
considered as MIC.  
 
 
RESULTS AND DISCUSSION 
 
In vitro antibacterial  activity  of  In(CUR)3,  In(DAC)3,  and  
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DAC in comparison with curcumin were investigated 
against S. aureus, S. epidermidis, P. aeruginosa, and E. 
coli (Table 1). The first step of the work was antibacterial 
activity assay with 375 µg/ml of each test agent. Curcumin 
was active against S. aureus and S. epidermidis, whereas 
it did not show antibacterial activity on P. aeruginosa and 
E. coli.  Strikingly, In(CUR)3 exhibited antibacterial effect 
against all the four test organisms. In(DAC)3 was effective 
against S. epidermidis and P. aeruginosa. DAC was not 
found to be effective against the four mentioned bacteria. 
The positive results in the antibacterial activity assay were 
then examined for the determination of MIC (Table 1).  The 
MIC of In(CUR)3 for  S. aureus and S. epidermidis was 
lower than the MIC of the curcumin for these bacteria. 
Furthermore, the MIC of In(CUR)3  for S. epidermidis was 
lower when compared with In(DAC)3. Meanwhile, E. coli 
was inhibited only by In(CUR)3 (MIC: 93.8 µg/ml).  

Curcumin, the main yellow bioactive component of 
turmeric powder, has been shown to have several biolo- 
gical effects such as antimicrobial activity (Chattopadhyay 
et al., 2005; Di Mario et al., 2007). Synthetic modification 
of antibacterial agents in order to improve antibacterial 
activity or pharmacological properties is an interesting field 
in studies. Synthesis of mono-carbonyl analogues of 
curcumin has been reported which some of these 
compounds exhibited more antibacterial activity than cur- 
cumin (Liang et al., 2008). Other researchers attempted to 
synthesis of some bioactive conjugates of curcumin which 
showed relatively more antimicrobial activity than cur- 
cumin itself due to their increased solubility, reduced 
metabolism and better cellular uptake (Mishra et al., 2005; 
Dubey et al., 2007).                                                                

Some metals are known for their antibacterial activity 
and in some cases as effective therapeutic agents against 
bacterial diseases. Indium is a major interest metal with 
antibacterial activity (David et al., 2005). Therefore, two 
new complexes, indium curcumin and indium diacetyl- 
curcumin, were chosen for the present study.                                                              

As shown in Table 1, curcumin was effective against S. 
aureus and S. epidermidis, whereas indium curcumin 
showed antibacterial activity on all the four test organisms. 
Moreover, the MIC of In(CUR)3 for S. aureus and S. 
epidermidis was lower than the MIC of curcumin for the 
same bacterial strains. Therefore, we found an enhance- 
ment in both spectrum and antibacterial activity of indium 
curcumin complex in comparison with curcumin itself. 
There is also similar effectiveness in other metal com- 
pounds such as silver sulfadiazine, a combination of two 
antibacterial agents, Ag+ and sulfadiazine, which has a 
board spectrum of activity; binding to cell components 
such as DNA may be responsible for its inhibitory 
properties (Brooks et al., 2007). Furthermore, it has been 
shown that formation of metal complexes may lead to 
change in ability of uptake them by bacterial cells and thus 
enhance the antibacterial activity (David et al., 2005). 
Therefore, improve in cellular uptake and/or better binding to 
cell components could be the reason for increasing the 
antibacterial effect of indium curcumin.                                                   
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Table 1. Antibacterial activity and MIC of curcumin, indium curcumin (In(CUR)3), indium 
diacetylcurcumin (In(DAC)3) and diacetylcurcumin (DAC).  
 

Bacteria Agent Antibacterial activity MIC (µg/ml) 
 curcumin + 187.5 
 In(CUR)3 + 93.8 
 In(DAC)3 –  

S. aureus ATCC 25923 

 DAC –  
 curcumin + 46.9 
 In(CUR)3 + 23.4 
 In(DAC)3 + 46.9 

S. epidermidis ATCC 14990 
 

 DAC –  
 curcumin –  
 In(CUR)3 + 23.4 
 In(DAC)3 + 23.4 

P. aeruginosa ATCC 27853 

 DAC –  
 curcumin –  
 In(CUR)3 + 93.8 
 In(DAC)3 –  

E. coli ATCC 25922 

 DAC –  
 
 
 

In(DAC)3 was found to be active against S. epidermidis 
and P. aeruginosa, but it did not exhibit antibacterial 
activity on S. aureus or E. coli. Thus, although In(DAC)3 
did not inhibit S. aureus, its activity against P. aeruginosa 
is an advantage of this compound over curcumin.                                                                 

In(CUR)3 showed more antibacterial activity than 
In(DAC)3. In fact, the reason which suggests that the 
enhancement in both spectrum and antibacterial activity of 
In(CUR)3 were not due to antibacterial effect of indium 
alone, is that we did not find a similar effect by In(DAC)3. 
Thus, it seems that the roles of both curcumin and indium 
are essential in the action of In(CUR)3.            

In conclusion, indium curcumin complex has more 
antibacterial activity than curcumin and indium diacetyl- 
curcumin, and could be a suitable candidate for further in 
vivo investigations. 
 
 
ACKNOWLEDGMENT 
 
We would like to thank the Vice-chancellor of Research of 
Bushehr University of Medical Sciences for financial 
support. 
 
 
REFERENCES  
 
Aggarwal BB, Sundaram C, Malani N, Ichikawa H (2007). Curcumin: the 

Indian solid gold. Adv. Exp. Med. Biol. 595: 1-75. 
Brooks GF, Carroll KC, Butel JS, Morse SA (2007). The growth, survival, 

& death of microorganisms. In: Jawetz, Melnick, & Adelberg's Medical 
Microbiology. 24th ed. Mc Graw Hill, New York, pp. 52-61.  

Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK (2004). 
Turmeric and curcumin: Biological actions and medicinal applications. 
Curr. Sci. 87: 44-53.  

David S, Barros V, Cruz C, Delgado R (2005). In vitro effect of free and 
complexed indium(III) against mycobacterium tuberculosis. FEMS 

Microbiol. Lett. 251: 119-124. 
Di Mario F, Cavallaro LG, Nouvenne A, Stefani N, Cavestro GM, Lori V, 

Maino M, Comparato G, Fanigliulo L, Morana E, Pilotto A, Martelli L, 
Martelli M, Leandro G, Franze A (2007). A curcumin-based 1-week 
triple therapy for eradication of Helicobacter pylori infection: something 
to learn from failure? Helicobacter, 12: 238-243. 

Dubey SK, Sharma AK, Narian U, Misra K, Pati U (2007). Design, 
Synthesis and characterization of some bioactive conjugates of 
curcumin with glycine, glutamic acid, valine and demethylenated 
piperic acid and study of their antimicrobial and antiproliferative 
properties. Eur. J. Med. Chem. [epub ahead of print].  

Forbes BA, Sahm DF, Weissfeld AS (2007). Laboratory methods and 
strategies for antimicrobial susceptibility testing. In: Bailey & Scott's 
Diagnostic Microbiology. 12th ed. Mosby, St. Louis, pp. 187-214. 

Hatcher H, Planalp R, Cho J, Torti FM, Torti SV (2008). Curcumin: from 
ancient medicine to current clinical trials. Cell Mol. Life. Sci. 65: 
1631-1652. 

Liang G, Yang S, Jiang L, Zhao Y, Shao L, Xiao J, Ye F, Li Y, Li X (2008). 
Synthesis and anti-bacterial properties of mono-carbonyl analogues of 
curcumin. Chem. Pharm. Bull. 56: 162-167. 

LoTempio MM, Veena MS, Steele HL, Ramamurthy B, Ramalingam TS, 
Cohen AN, Chakrabarti R, Srivatsan ES, Wang MB (2005). Curcumin 
suppresses growth of head and neck squamous cell carcinoma. Clin. 
Cancer Res. 11: 6994-7002. 

Menon VP, Sudheer AR (2007). Antioxidant and anti-inflammatory 
properties of curcumin. Adv. Eep. Med. Biol. 595: 105-125. 

Mishra S, Narian U, Mishra R, Misra K (2005). Design, development and 
synthesis of mixed bioconjugates of piperic acid-glycine, 
curcumin-glycine / alanine and curcumin-glycine-piperic acid and their 
antibacterial and antifungal properties. Bioorg. Med. Chem. 13: 
1477-1486. 

Mohammadi K, Thompson KH, Patrick BO, Storr T, Martins C, 
Polishchuk E, Yuen VG, McNeill JH, Orvig C (2005). Synthesis and 
characterization of dual function vanadyl, gallium and indium curcumin 
complexes for medicinal applications. J. Inorg. Biochem. 99: 
2217-2225.  

Punithavathi D, Venkatesan N, Babu M (2000). Curcumin inhibition of 
bleomycin-induced pulmonary fibrosis in rats. Br. J. Pharmacol. 131: 
169-172. 

Rai D, Singh JK, Roy N, Panda D (2008). Curcumin inhibits FtsZ 
assembly: an attractive mechanism for its antibacterial activity. 
Biochem. J. 410: 147-155. 



 
 
 
 
Reddy RC, Vatsala PG, Keshamouni VG, Padmanaban G, Rangarajan 

PN (2005). Curcumin for malaria therapy. Biochem. Biophys. Res. 
Commun. 326: 472-474. 

Si X, Wang Y, Wang J, Zhang J, Mc Manus BM, Luo H (2007). 
Dysregulation of the ubiquitin-proteasome system by curcumin 
suppresses coxsackievirus B3 replication. J. Virol. 81: 3142-3150.  

Siddiqui AM, Cui X, Wu R, Dong W, Zhou M, Hu M, Simms HH, Wang P 
(2006). The anti-inflammatory effect of curcumin in an experimental 
model of sepsis is mediated by up-regulation of peroxisome 
proliferator-activated receptor-gamma. Crit. Care. Med. 34: 
1874-1882. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tajbakhsh et al.        3835 
 
 
 
Suzuki M, Nakamura T, Iyoki S, Fujiwara A, Watanabe Y, Mohri K, Isobe 

K, Ono K, Yano S (2005). Elucidation of anti-allergic activities of 
curcumin-related compounds with a special reference to their 
anti-oxidative activities. Biol. Pharm. Bull. 28: 1438-1443. 

Talaro KP, Talaro A (2002). Drugs, microbes, host-The elements of 
chemotherapy. In: Foundations in Microbiology. 4th ed. Mc Grow Hill, 
New York, pp 348-379. 

 
 


