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Abstract 

Background: Cholera is one of the most potent diarrheal diseases that is 

characterized by massive watery stools, frequently accompanied by vomiting and 

can lead to hypovolemic shock and acidosis. It is caused by certain strains of 

Vibrio cholerae species which can also cause mild or in apparent infections. The 

aim of this study was to evaluate Capsaicin, as a potential inhibitor of zonula 

occludens toxin production in V. cholerae ATCC 14035.  

Materials and Methods: MIC of capsaicin was determined by Broth 

Microdilution method according to CLSI guidelines. The zot gene expression level 

was analyzed using real-time RT–PCR.   

Results: In MIC test, we found 100 μg mL
−1

of capsaicin as the highest 

concentration that did not affect the bacterial growth; however, zonula occludens 

toxin (zot) gene expression of the tested strain was significantly inhibited by 

capsaicin in a dose-dependent manner at sub-bacteriocidal concentrations. The 

recA gene did not show any significant difference in its expression with or without 

capsaicin.  

Conclusion: Capsaicin is one of the active compounds of red chili that can 

drastically suppress zot gene expression and shows promising inhibitory effect 

against V. cholerae zot production. Thus, routine intake of red chili, which is 

easily available and inexpensive, may be an alternative approach to prevent and 

control symptoms of cholera. 
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Introduction 

Vibrio cholerae, the causative agent of the severe 

diarrheal disease cholera, is responsible for 

approximately 120,000 deaths annually (1, 2). The 

only known vertebrate host for this bacterium is 

human. After ingestion, most of the bacteria are 

killed by gastric acid. Persisting organisms colonize 

the small intestine that is the appropriate niche for 

this bacterium (2). Cholera still remains a major 

global health concern with numerous detected cases 

each year (3). The disease can spread by ingestion of 

contaminated food or water and is therefore related to 

poverty and inadequate sanitation (2). One of the 

most important virulence factors that play part          

in  establishment  of   cholera   symptoms is    zonula  

 

occludens (ZOT). This toxin increases the 

permeability of ileal mucosa by affecting the 

structure of the intercellular tight junctions (3). Since 

the last couple of decades a large body of 

investigations has been allocated to medicinal 

properties of different natural products because of 

their potent pharmacological properties, convenience 

of use, low toxicity and economic viability (4). The 

uses of antibacterial agents are generally accepted as 

a key therapeutic target for bacterial diseases, 

however a large number of epidemic V. cholerae 

strains, have also become resistant to multiple 

antibacterial agents via mutations, horizontal gene 

transfer, etc. Antibacterial agents are commonly 
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bactericidal or bacteriostatic and accordingly have no 

effect on virulence gene expression. Since ancient 

times, natural products have been used to treat 

diarrheal diseases.  

One of the active ingredients of red chili is capsaicin 

(N-anillyl-8-methyl-nonenamide), which can also act 

as an antibacterial agent against bacterial pathogens, 

for example Bacillus spp., Helicobacter pylori, etc. 

(5).  Due to the alarming rise of antibiotic resistance 

there is a global call for new therapeutic approaches. 

Natural compounds have always been a product of 

interest because of their great safeness, fewer side 

effects, huge diversity and abundance of bioactive 

compounds that makes them an appropriate collection 

to examine for effective therapeutic options. In this 

study, we examined whether capsaicin can pose 

inhibitory effect on zonula occludens toxin (zot) gene 

expression in V. cholerae.  ATCC 14035. 

 

Materials and Methods 

This was an Experimental study conducted on 

standard type strain of V. cholerae ATCC14035 

classic biotype, serogroup O1, and serotype Ogawa. 

 

Minimum Inhibitory Concentration (MIC)  

MIC of capsaicin was determined by Broth 

Microdilution method according to CLSI guidelines 

(6). The standard strain was grown in MYEP medium 

at 37 °C up to the late logarithmic phase (∼2 × 

10
8
 CFU mL

−1
) with and without capsaicin (0μg mL

−1
, 

1 μg mL
−1

, 10 μg mL
−1

, 25 μg mL
−1

, 50 μg mL
−1

 and 

100 μg mL
−1

).  

 

RNA Extraction, cDNA synthesis and Real-Time PCR 

Total RNA was extracted and purified using 

RNXTM-Plus Solution kit (Sinaclon, Iran) according 

to the manufacturer's instructions. The qRT-PCR 

assay was carried out by Zot gene-specific primers. A 

housekeeping recA gene was used as an internal 

control. The reverse transcription was carried out 

using the cDNA kit (iNtRON Power cDNA Synthesis 

Kit) according to the manufacturer's instruction. 

CDNA was synthesized with 1 μg of RNA at 94°C 

for 5 min, followed by incubation at 40 °C for 60 min 

using Eppendorf PCR system. Real-time PCR was 

carried out using the prepared cDNA (100 ng) with 

each set of primers and SYBR® green master mix 

(Bioneer Company). Real-Time PCR conditions were 

50 °C for 2 min, 95 °C for 10 min and 40 cycles, each 

having 95 °C for 15 s and 60 °C for 1 min in an The 

Corbett Rotor-Gene 6000 (QIAGEN, Germany).  

 

Statistical analysis 

Data was analyzed in MINITAB16. P Value and 

confidence intervals were <0.05 and 95%, 

respectively.  

  

Results 

MIC test found that 100 μg mL
−1

of capsaicin as the 

highest concentration that did not affect the bacterial 

growth; however, zonula occludens toxin (zot) gene 

expression of the tested strain was significantly 

inhibited by capsaicin in a dose-dependent manner at 

sub-bactericidal concentrations (results from qRT-

PCR assay) (Figure 1). The recA gene did not show 

any significant difference in its expression with or 

without capsaicin. 

 

 
Figure 1.  A, Gel analysis of the qPCR products. Lane M: DNA size marker. Lane P: Vibrio Cholerae Positive control. Lane N: negative control. 

Lane 1-14: zot positive isolate 

 

Discussion 

The cornerstone in the management of cholera is the 

use of oral rehydration therapy. The most important 

treatment is to replace the fluids and electrolytes that 

have been lost due to diarrhea (5). This is done either 

through oral fluid rehydration or intravenous fluid 

rehydration, in severe cases. In many cases, 

Antibiotic therapy has been demonstrated to reduce 

the duration of diarrhea, and they cannot be replaced 

simply by giving oral rehydration therapy. The 

increasing number of multidrug resistant pathogens 

and the accompanied rise in case fatality rates has 
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hindered the treatment of many infectious diseases 

including cholera (6). Capsaicin is a human 

carcinogen (7) and topical capsaicin is an established 

treatment option for various pain conditions (8). In 

2010, Kalia et al. reported that capsaicin, a novel 

inhibitor of the NorA efflux pump, reduces the 

intracellular invasion of Staphylococcus aureus (9). 

Also in 2010, Chatterjee and et al. reported that 

V.cholerae growth can be inhibited by the use of 100 

µg/ml of Capsaicin (10). In 2012, Santos et al. also 

reported that Streptococcus mutants growth can be 

inhibited by the use of 2.5 mg/ml of Capsaicin (11). 

Capsaicin is one of the active materials in red chili 

which can act as an antibacterial agent against 

bacterial pathogens such as Helicobacter pylori and 

Bacillus spp. Cichewicz et al. reported that Bacillus 

cereus, Bacillus subtilis, Clostridium sporogenes, 

Clostridium tetani, and Streptococcus pyogenes 

growth can be inhibited by capsaicin (12).  

Capsaicin is one of the active compounds of red chilli 

that can drastically suppress zot gene expression and 

shows promising inhibitory activity against Vibrio 

cholerae zot production. Thus, routine intake of red 

chilli, which is easily available and inexpensive, may 

be an alternative approach to prevent and control 

symptoms of cholera. 
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