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ABSTRACT 

Objective: The present study was focused on assessing the antimicrobial activity of curcumin against Providencia rettgeri, a gut microbe, which was 

further corelated to the effect of curcumin on choline metabolism and its role in preventing atherosclerosis and on the evaluation of potential of 

curcumin on the inhibition of conversion of choline to trimethylamine (TMA), and further its conversion to trimethylamine-N-oxide (TMAO) in liver.  

Methods: The minimum inhibitory concentration of curcumin was determined using Cup-plate method. The estimation of trimethylamine was 

performed using high performance thin layer chromatography (HP-TLC) technique. Estimation of blood serum parameters were performed using 

kits supplied by Span-diagnostics for estimation of triglycerides, total cholesterol and high density lipoprotein (HDL) cholesterol. All surgical 

procedures on animals including blood withdrawal and isolation of livers were carried out in accordance with CPCSEA guidelines. 

Results: The minimum inhibitory concentration of curcumin was found to be 10 µg/ml. There was a significant increase (p<0.001) in the mean 

triglyceride, total cholesterol, low-density and very low-density lipoprotein, along with a significant decrease (p<0.001) in high-density lipoprotein 

in choline-fed mice. Also, there was significant decrease (p<0.001) in the mean triglyceride, total cholesterol, low-density and very low-density 

lipoprotein, along with a significant increase (p<0.001) in high-density lipoprotein cholesterol in choline-fed mice treated with curcumin. Further, 

there was a decrease in the Flavin mono-oxygenase (FMO3) activity in the mice livers treated with curcumin by 21.57%. 

Conclusion: It was concluded that curcumin has the potential to inhibit gut microbiota thus prevention the conversion of choline to trimethylamine, 

has serum lipid lowering effect in female C57BL/6J mice and has an inhibitory effect on hepatic FMO3 thus preventing the conversion of 

trimethylamine to trimethylamine-N-oxide. 
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INTRODUCTION 

Trimethylamine-N-oxide (TMAO) was identified to be associated 

with CVD risks using multinuclear nuclear magnetic resonance 

(NMR), multi-stage mass spectrometry and gas chromatography 

(GC) with tandem mass spectrometry (MS/MS) [1]. Trimethylamine 

(TMA), a metabolite of choline, is further oxidised to TMAO. Also, the 

catabolism of choline and betaine by the gut microbes results in the 

formation of TMA gas [2]. This TMA gas, is absorbed the liver and 

metabolised by hepatic flavin-monooxygenase, FMO3, to form TMAO 

[3, 4]. Hepatic FMO3 has been found to be the enzyme for the 

conversion of TMA to TMAO [4, 5]. Schadt et al., in 2005, identified 

the possible role of FMO3 in atherosclerosis and found significant 

correlations between hepatic FMO3 expression and atherosclerotic 

lesions [6]. Various studies have demonstrated that feeding 

atherosclerosis-prone mice with diet enriched in either choline or 

TMAO enhanced atherosclerosis development. Thus, it was 

established that TMAO accelerates atherosclerosis in genetic knock-

out mice models [1, 7, 8]. 

In 2013, it was demonstrated that the production of TMAO from 
dietary phosphatidylcholine was dependent on gut microbial 
metabolism, and the elevated TMAO levels associate with increased 
risk of incident major adverse cardiovascular events [9]. These 
studies showed that several phosphatidylcholine metabolites 
including TMAO were elevated following phosphatidylcholine 
challenge, as expected in individuals not receiving treatment. In 
contrast, oral antibiotic treatment abolished TMAO (and TMA) 
production from dietary phosphatidylcholine, indicating an 
obligatory role of gut microbes in initiating this pathway in man.  

Curcuma longa rhizome has been traditionally used as antimicrobial 

agent as well as an insect repellant [10]. The pharmacological effects 

of curcumin are multi-faceted; act as gastro-protectant against 

irritants in rabbits [11], hepato-protectant activity in dogs [12, 13], 

increases the activity of pancreatic lipase, amylase, trypsin and 

chymotrypsin [14], decreases the severity of pathological changes 

and thus protects from damage caused by myocardial infarction 

[15], effective against carrageenan-induced edema in rats [16] and 

mice [17], antioxidant activity [18], induces apoptosis and inhibits 

cell-cycle progression, both of which are instrumental in preventing 

cancerous cell growth in rat aortic smooth muscle cells [19]. 

It is widely appreciated that inflammation and oxidant stress 

contribute to atherogenesis [20]. In 1992, apoE-deficient mice were 

generated by inactivating the ApoE gene by targeting [21]. It was 

hypothesised that curcumin could inhibit the development of 

atherosclerosis in the apoE/lDLR–double-knockout mice fed with 

Western diet (21% fat, 0.15% cholesterol w/w, without cholic acid) 

[22]. Curcumin (purity 98%), premixed with diet, was given for 4 mo 

at a dose of 0.3 mg/per day/per mouse. In this model curcumin 

inhibited atherogenesis, measured both by "en face" method 

(25.15±2.9% vs. 19.2±0.6%, p<0.05) and "cross-section" method 

(565867±39764 µm2 vs. 299201±20373 µm2, p<0.05). Importantly, 

curcumin influenced neither the concentrations of cholesterol and 

triglycerides in blood nor animal body weight. Therefore, in 2005, 

Olszanecki et al. first reported that shows the anti-atherogenic effect 

of low dose of curcumin in fine model of atherosclerosis: gene-

targeted apoE/lDLR-double knockout mice [22]. It was noted that 

the action of curcumin was present in apoE/lDLR-DKO mice even 

despite feeding them with Western diet, which greatly accelerates 

lesion formation, increases lesion size and promotes development of 

advanced lesions at a significantly earlier age [23, 24]. Taking into 

granted poor bioavailability of curcumin due to its rapid metabolism 

in the liver and intestinal wall as well as relatively low dose used 
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(0.3 mg/mouse/day), the anti-atherogenic action of curcumin was 

found to be quite strong [22]. 

The present study was based on evaluation of the potential of 

curcumin on the inhibition of conversion of choline to TMA, and 

furthers its conversion to TMAO in liver. The conversion of TMA to 

TMAO is catalysed by the enzyme FMO3 in liver. Therefore, the FMO3 

inhibiting potential of curcumin was assessed in this study. Also, the 

conversion of choline to TMA by gut microbiota was assessed in the 

presence and absence of curcumin in order to determine whether 

curcumin can prevent the production of pro-atherogenic TMAO, and 

the precursor for its synthesis, i.e., TMA. 

MATERIALS AND METHODS 

In vitro analysis of microbial inhibition by the drug 

All the apparatus used was sterilised and all the experiments were 
performed in aseptic condition. The inoculum containing 
Providencia rettgeri (MTCC no. 8929) was spread out in agar plate. 
Five bores of same diameter and depth were made on the agar plate 
and different dilutions of the test drug (10, 25, 50, 100 µg/ml) were 
poured on the bores [25]. Ciprofloxacin (procured from 
International Testing Centre, Chandigarh, India) was used as the 
standard drug. The minimum concentration at which curcumin 
(procured from LOBA Chemie Pvt. Ltd., New Delhi, India) showed 
zone of inhibition was calculated as minimum inhibitory 
concentration (MIC) value. 

In vitro analysis of TMA formed from choline by Providencia 

rettgeri in the presence and absence of curcumin 

The quantitative estimation of the amount of TMA formed from 
choline in the sample was determined by HPTLC-UV analysis. The 
HP-TLC equipment used for analysis was designed by CAMAG and 
the UV spectrophotometer used was designed by Shimadzu, Japan. 
For the quantification, a standard plot of serial dilutions of TMA was 
prepared. 1 ml of 100 µg/ml choline chloride was added to 10 ml 
nutrient broth containing Providencia rettgeri and was incubated for 
30 min at 37 °C. The incubated samples were mixed with equal 
volume of chloroform for the extraction of synthesised TMA. The 
chloroform extract containing TMA were filtered, labelled and 
stored at-20 °C until quantification. 

Animals and treatments 

All animal procedures were approved by and carried out in 

accordance with the Institutional Animal Ethics Committee, Jamia 

Hamdard (registration no. 173/GO/Re/S/2000/CPCSEA; approval 

no. 1181). Female C57Bl/6J mice were obtained at the age of 5 w 

from Central Animal House Facility, Jamia Hamdard (New Delhi, 

India). Mice were maintained on 12 h dark/12 h light cycles in air-

conditioned room (22.5±0.5 °C, 50±5 % humidity) and access to diet 

and water ad libitum. Animals were divided into four groups namely, 

Normal Control (NC, fed with normal pellet diet), Pathogenic Control 

(PC, fed with 2% choline diet for 21 d), Curcumin-treated (CUR, fed 

with 2% choline diet al. ong with curcumin 30 mg P. O. per day for 

21 d) and Ciprofloxacin-treated (CFX, fed with 2% choline diet al. 

ong with ciprofloxacin hydrochloride 100 mg P. O. per day for 21 d).  

Preparation for drug samples for dosing 

Preparation of curcumin suspension: For dosing, curcumin (30 mg P. 

O./mouse o. d.) was suspended in 0.2% polyethyleneglycol in 0.9% 

normal saline (0.9 g sodium chloride in 100 ml of distilled water). 

Preparation of ciprofloxacin suspension: For dosing, ciprofloxacin 

hydrochloride (100 mg P. O./mouse o. d.) was suspended in 0.2% 

polyethyleneglycol in 0.9% normal saline. 

Biochemical estimation in serum 

After 21 d, blood samples were collected from the retino-orbital site 

under anaesthesia, and then the mice were sacrificed. Plasma was 

separated by centrifugation at 2000 rpm at 4 °C and stored at-20 °C. 

The serum was estimated for total cholesterol (TC) [26], 

triglycerides (TGs) [27], high density lipoprotein (HDL) cholesterol 

[28], low density lipoprotein (LDL) cholesterol [29], very low density 

lipoprotein (VLDL) cholesterol [28], and atherogenic risk predictor 

indices [30]. Estimation of HDL cholesterol, TG and TC were 

performed using kits supplied by Span Diagnostics Ltd., Surat, India. 

Surgical procedures 

Animals were anaesthetized using diethylether during all surgical 

procedures. Blood samples were withdrawn from retino-orbital 

plexus. Livers were obtained after euthanization. 

Preparation of FMO microsomal homogenate from curcumin 

treated and untreated mice  

Fresh livers were taken from mice previously treated with choline-

fed diet and curcumin for 21 d. Liver from the control group were 

taken from the mice fed with normal diet for 21 d. Microsomes were 

isolated from the livers as described by Kamath et al., 1971 [31]. 

Livers were homogenized in cold homogenization buffer (0.1 M 

potassium phosphate, 0.1 mmol dithiothritol, 2% sucrose, pH 9.0) 

and homogenate was centrifuged at 10,000 x g for 20 min at 4 °C. 

The homogenates were stored at-20 °C.  

FMO3 enzyme assay and estimation of TMA converted into TMAO 

The qualitative estimation of the amount of TMA converted into 

TMAO in the sample was determined by HPTLC-UV analysis. For the 

quantification, a standard plot of serial dilutions of TMA was used. 1 

ml of 100 µg/ml TMA was added to 10 ml liver homogenate and was 

incubated for 30 min 37 °C. The incubated samples were mixed with 

equal volume of chloroform for the extraction of TMA utilised for 

conversion to TMAO. The chloroform extract containing TMA were 

filtered with 0.2 µm filter. The samples were labelled and stored-20 

°C until quantification. 

Chromatographic method for estimation of trimethylamine (TMA) 

The mobile phase used during various analysis performed using HP-

TLC was glacial acetic acid: n-butanol: ethanol: water (8:2:3:1) and 

the solvent used for dissolution of TMA was ethanol. The detection 

was performed using ultraviolet spectrometry at wavelengths 254 

and 366 nm. 

** Statistical analysis was carried out using Graphpad Instat 

(Graphpad Software: San Diego, CA). All results were expressed as 

mean±SEM Groups of data were compared with an analysis of 

variance followed by using ANOVA Tukey test.  

RESULTS 

In vitro studies 

The minimum inhibitory concentration (MIC) of curcumin was 

determined to be 10 µg/ml (table 1), thus concluding curcumin’s 

anti-bacterial activity against the gut microbe Providencia rettgeri.

 

Table 1: Zone of inhibition of various concentrations of test and standard drug 

Sample Concentration (µg/ml) Zone of Inhibition* (mm) Zone of Inhibition (%) 

Ciprofloxacin 5 29.9 100 

Curcumin 10 16.5 55.18 

Curcumin 25 12.0 40.13 

Curcumin 50 13.75 45.99 

Curcumin 100 12.3 41.13 

*Values are expressed as mean±SEM, n=3 
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Table 2: TMA formed from choline in the presence and absence of curcumin and ciprofloxacin by Providencia rettgeri 

S. No. Sample TMA formed* (ng/µl) 

1 Broth No detectable TMA 

2 Broth+P rettgeri No detectable TMA 

3 Broth+P rettgeri+Choline No detectable TMA 

4 Broth+P rettgeri+Choline+1µg/ml Curcumin No detectable TMA 

5 Broth+P rettgeri+Choline+5µg/ml Curcumin No detectable TMA 

6 Broth+P rettgeri+Choline+10µg/ml Curcumin No detectable TMA 

7 Broth+P rettgeri+Choline+20µg/ml Curcumin No detectable TMA 

8 Broth+P rettgeri+Choline+1µg/ml Ciprofloxacin 2.50 

9 Broth+P rettgeri+Choline+5µg/ml Ciprofloxacin 17.67 

10 Broth+P rettgeri+Choline+10µg/ml Ciprofloxacin 28.02 

11 Broth+P rettgeri+Choline+20µg/ml Ciprofloxacin 2.43 

*Values are expressed as mean±SEM, n=5, TMA-trimethylamine 
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Fig. 1: HP-TLC curves for quantification of TMA conversion from standard choline (0.25 mg) in vitro at 254 nm and Rf 0.71-0.82(a) In nutrient 
broth. (b) In nutrient broth inoculated with Providencia rettgeri. (c) In nutrient broth inoculated with Providencia rettgeri containing choline. (d) 
In nutrient broth inoculated with Providencia rettgeri, choline and curcumin (1µg/ml). (e) In nutrient broth inoculated with Providencia rettgeri, 
choline and curcumin (5µg/ml). (f) In nutrient broth inoculated with Providencia rettgeri, choline and curcumin (10µg/ml). (g) In nutrient broth 

inoculated with Providencia rettgeri, choline and curcumin (20µg/ml). (h) In nutrient broth inoculated with Providencia rettgeri, choline and 
ciprofloxacin (1 µg/ml). (i) In nutrient broth inoculated with Providencia rettgeri, choline and ciprofloxacin (5 µg/ml). (j) In nutrient broth 

inoculated with Providencia rettgeri, choline and ciprofloxacin (10 µg/ml). (k) In nutrient broth inoculated with Providencia rettgeri, choline and 
ciprofloxacin (20 µg/ml) 
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TMA formed from choline in the presence and absence of 

curcumin and ciprofloxacin by Providencia rettgeri 

HP-TLC analysis was performed to evaluate the amount of TMA 

synthesised from standard choline by Providencia rettgeri in the 

absence and presence of curcumin (table 2). 

Samples containing curcumin were found to contain no 

detectable quantity of TMA, therefore it was concluded that 

curcumin inhibits the conversion of choline to TMA by 

Providencia rettgeri. 

In vivo studies 

Biochemical estimation was carried out and the results were as 

follows. 

The mean serum triglyceride (TG) levels were calculated to be 
52.14±1.138 mg/dl in NC, 78.6856±1.185 mg/dl in PC, 
60.3884±0.8075 mg/dl in CUR and 75.5816±2.116 mg/dl in CFX. The 
mean serum total cholesterol (TC) levels were calculated to be 
118.673±1.148 mg/dl in NC, 159.0974±2.421 mg/dl in PC, 
145.938±1.593 mg/dl in CUR and 172.12±2.523 mg/dl in CFX. The 
mean serum HDL cholesterol levels were calculated to be 92.136± 
1.446 mg/dl in NC, 57.8312±1.176 mg/dl in PC, 101.2104±0.927 
mg/dl in CUR and 67.7348±1.655 mg/dl in CFX. The mean serum LDL 
cholesterol levels were calculated to be 16.0952±1.194 mg/dl in NC, 
86.4402±2.087 mg/dl in PC, 32.9226±1.533 mg/dl in CUR and 
103.1468±12.43 mg/dl in CFX. The mean serum VLDL cholesterol 
levels were calculated to be 10.4276±0.2277 mg/dl in NC, 
15.7368±0.2369 mg/dl in PC, 12.2774±0.2416 mg/dl in CUR and 
15.116±0.4232 mg/dl in CFX (table 3). 

  

Table 3: Effect of curcumin of serum various cholesterol and triglyceride levels in C57BL/6J mice 

Group Name TC*  (mg/dl) TG* (mg/dl) LDL* (mg/dl) VLDL* (mg/dl) HDL* (mg/dl) 

NC 118.673±1.148 52.14±1.138 16.0952±1.194 10.4276±0.2277 92.136±1.446 

PC 159.0974±2.421 78.6856±1.185 86.4402±2.087 15.7368±0.2369 57.8312±1.176 

CUR 145.938±1.593 60.3884±0.8075 32.9226±1.533 12.2774±0.2416 101.2104±0.927 

CFX 172.12±2.523 75.5816±2.116 103.1468±12.43 15.116±0.4232 67.7348±1.655 

Values are expressed as mean±SEM, n=5, TC Total cholesterol, TG-triglycerides, HDL-high density lipoprotein, LDL-low density lipoprotein, VLDL-

very low density lipoprotein  

 

The mean Atherogenic Risk Factor (ARF) was calculated to be 
0.2048±0.1826 in NC, 1.5±0.0378 in PC, 0.3278±0.0165 in CUR and 
1.26±0.0503 in CFX. The mean Coronary Risk Index (CRI) was 
calculated to be 1.53±0.01703 in NC, 2.728±0.0548 in PC, 1.4542± 
0.01479 in CUR and 2.448±0.03397 in CFX. 

Ex vivo studies 

Liver homogenates prepared from different groups were incubated 
with TMA and then analyzed by HP-TLC for the detection of amount 
of unreacted TMA (table 4). The amount of TMA detected was co-
related with the amount of TMAO formed by the enzyme FMO3. 

Therefore, greater the concentration of TMA (that is, lesser TMAO 
formed) would imply the decreased activity of FMO3 enzyme. 

Table 4: Mean concentration of TMA left unreacted in liver 

homogenate samples of various groups 

Group No. Group name Concentration of TMA left 

unreacted* (ng/µl) 

I NC 709.786±18.425 

II PC 727.937±31.916 

III CUR 865.452±44.839 

IV CFX 641.977±21.732 

*Values are expressed as mean±SEM, n=5, TMA-trimethylamine, NC-

normal control, PC-pathogenic control, CUR-curcumin treated mice, 

CFX-ciprofloxacin-treated mice. 

 

 

 



Joshi et al. 

Int J Pharm Pharm Sci, Vol 9, Issue 3, 215-226 

221 

 

 

 

 



Joshi et al. 

Int J Pharm Pharm Sci, Vol 9, Issue 3, 215-226 

222 

 

 

 

 



Joshi et al. 

Int J Pharm Pharm Sci, Vol 9, Issue 3, 215-226 

223 

 

 

 

 



Joshi et al. 

Int J Pharm Pharm Sci, Vol 9, Issue 3, 215-226 

224 

 

 

 

 

Fig. 2: HP-TLC curves for the quantification of TMA left unreacted to produce TMAO in (a) Normal control homogenate sample containing 0.1% 
TMA solution. (b) Normal control homogenate sample containing 0.2% TMA solution. (c) Normal control homogenate sample containing 0.3% 
TMA solution. (d) Normal control homogenate sample containing 0.4% TMA solution. (e) Normal control homogenate sample containing 0.5% 
TMA solution. (f) Pathogenic control homogenate sample containing 0.1% TMA solution. (g) Pathogenic control homogenate sample containing 

0.2% TMA solution. (h) Pathogenic control homogenate sample containing 0.3% TMA solution. (i) Pathogenic control homogenate sample 
containing 0.4% TMA solution. (j) Curcumin-treated group homogenate sample containing 0.1% TMA solution. (k) Curcumin-treated group 

homogenate sample containing 0.2% TMA solution. (l) Curcumin-treated group homogenate sample containing 0.3% TMA solution. (m) 
Curcumin-treated group homogenate sample containing 0.4% TMA solution. (n) Curcumin-treated group homogenate sample containing 0.5% 
TMA solution. (o) Ciprofloxacin-treated group homogenate sample containing 0.1% TMA solution. (p) Ciprofloxacin-treated group homogenate 

sample containing 0.2% TMA solution (q) Ciprofloxacin-treated group homogenate sample containing 0.3% TMA solution. (r) Ciprofloxacin-
treated group homogenate sample containing 0.4% TMA solution at 254 nm and Rf 0.73-0.79 
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The samples of different groups were compared to those of the 

normal control group samples (table 5), and the percentage change 

in FMO3 activity was calculated taking the FMO3 activity in normal 

control (group I) samples to be 100%. Therefore, it was concluded 

that curcumin shows FMO3 inhibiting activity. 

 

Table 5: Comparison of mean change in the FMO3 activity of 

various groups 

Group No. Group name Mean change in FMO3 activity* (%)  

I NC 100 

II PC 1.694±6.601 

III CUR -21.5796±3.407 

IV CFX 8.372±0.4106 

*Values are expressed as mean±SEM, n=5, FMO3-flavin mono-

oxygenase III 

 

DISCUSSION 

Atherosclerosis is a complex process by which arteries progressively 

narrowed, impairing the supply of oxygen and nutrients to the 

tissues. Atherosclerotic plaques can also rupture, triggering 

formation of a clot and an abrupt loss of blood supply to tissues that 

results in infarction [7]. The pathogenesis of cardiovascular diseases 

includes genetic and environmental factors. According to Wang et al. 

[1], there is a role of gut microbiota on the phosphatidylcholine 

metabolism which can be the cause of major vascular disease. 

Choline, a trimethylamine and part of the head group of 

phosphatidylcholine, is metabolized by gut microbiota to produce an 

intermediate compound known as trimethylamine (TMA). TMA is 

rapidly further oxidized by hepatic Flavin monooxygenases to form 

trimethylamine-N-oxide (TMAO). TMAO was shown to be both pro-

atherogenic and associated with cardiovascular risks. TMAO inhibits 

reverse cholesterol transport and also reduces bile acid synthesis, 

both of which are associated with increased atherosclerosis [9]. 

Though many studies have shown that antibiotics have markedly 

reduced the level of TMAO, clinically it has not been in practice. Even 

if 1% if these microbes have resistance to the antibiotics, in the 

beginning it looks as though 99% of TMAO has been inhibited. But 

after 20 w, the microbial population comes to normal. 

India, having a rich tradition of folk medicine for centuries, has 

provided simple but effective remedies to various ailments using 

plant-derived products. Among these phytoceuticals, curcumin, the 

main constituent of spice turmeric has attracted attention due to its 

ability to exert beneficial effects in multiple pathological conditions. 

Very few studies have been performed to assess the potential of 

Curcumin as an anti-atherosclerotic agent, one of them being “Effect 

of Curcumin on Atherosclerosis in apoE/lDLR-Double knockout 

mice” by Olszanecki et al. in 2005 [21]. This study focused on the 

effect of Curcumin on the reduction of lipid lesion area in aorta in 

apoE/lDLR-Double knockout mice which were fed with Western 

Diet, and Olszanecki et al. concluded that curcumin, given orally at a 

relatively low dose, was able to decrease formation of 

atherosclerotic changes in apoE/lDLR-DKO mice fed with Western 

diet. However, there has been no study yet to determine the efficacy 

of curcumin in preventing as well as treating the alterations induced 

by the gut flora which lead to conversion of TMA to TMAO, both of 

which are well established pro-atherosclerotic markers. 

The present study was based on evaluation of the potential of 

curcumin on the inhibition of conversion of choline to TMA, and 

further its conversion to TMAO in liver. The conversion of TMA to 

TMAO is catalyzed by the enzyme FMO3 in liver. Therefore, the FMO3 

inhibiting potential of curcumin was assessed in this study. Also, the 

conversion of choline to TMA by gut microbiota was assessed in the 

presence and absence of curcumin in order to determine whether 

curcumin can prevent the production of pro-atherogenic TMAO, and 

the precursor for its synthesis, i.e., TMA. 

Anti-microbial efficacy was evaluated by cup plate method. The agar 

plate of the standard drug, ciprofloxacin (50 µg/ml) showed 

significant zone of inhibition whereas, the agar plate of the test drug, 

curcumin also showed significant zone of inhibition at various 

concentrations (10, 25, 50, 100 µg/ml), table 1. k The minimum 

inhibitory concentration (MIC) of curcumin was determined to be 10 

µg/ml, thus concluding curcumin’s anti-bacterial activity against the 

gut microbe Providencia rettgeri. 

HP-TLC analysis was performed to evaluate the amount of TMA 

synthesized from standard choline by Providencia rettgeri in the 

absence and presence of curcumin. Various samples containing 

Providencia rettgeri along with curcumin at varying concentrations 

(0, 1, 5, 10, 20 µg/ml) were incubated to determine the conversion 

of choline to TMA. No detectable concentration of TMA was found in 

the samples containing curcumin (table 2). Therefore, it can be 

concluded that curcumin prevents the conversion of choline to TMA. 

In vivo studies were performed by feeding 2% choline diet to female 

C57BL/6J mice for 21 d. The choline given in diet was metabolized 

to produce TMAO by the gut microbiota, which played a significant 

role in increasing total cholesterol levels. Triglyceride levels, CRI and 

ARF values.  

There was a significant increase (p<0.001) in the mean total 

cholesterol levels in the PC (group II) mice as compared to NC 

(group I) mice. Treatment with curcumin (group III) slightly 

decreased (p<0.01) the mean TC levels as compared to PC (group II) 

mice. Also, there was no significant decrease (p<0.01) in the mean 

TC levels in mice treated with ciprofloxacin (CFX, group IV) as 

compared to PC (group II). Also, the effect of both the test drug 

(curcumin) and the standard drug (ciprofloxacin) was found to be 

comparable in the reduction of serum TC levels. 

There was a significant increase (p<0.001) in the mean triglyceride 

(TG) levels in the PC (group II) mice as compared to NC (group I) 

mice. Treatment with curcumin significantly decreased the mean TG 

levels as compared to PC mice (p<0.001). Also, there was no 

significant decrease (p<0.01) in the mean TG levels in mice treated 

with ciprofloxacin (CFX) as compared to choline-fed mice (PC). Also, 

the effect of curcumin on reduction of serum TG levels was found to 

be highly significant as compared to ciprofloxacin. 

There was a significant decrease (p<0.001) in the mean HDL 

cholesterol levels in the PC (group II) mice as compared to NC 

(group I) mice. HDL levels in curcumin-treated mice (group III) 

increased extremely significantly (p<0.001) as compared to HDL 

levels PC mice. Also, there was a significant increase (p<0.001) in the 

mean HDL levels in mice treated with ciprofloxacin (CFX, group IV) 

as compared to choline-fed mice (PC, group II). Furthermore, the 

effect of curcumin on the increase of serum HDL levels was found to 

be comparable to that produced by ciprofloxacin. 

There was a significant increase (p<0.001) in the mean LDL and 

VLDL cholesterol levels in the PC (group II) mice as compared to NC 

(group I) mice. LDL and VLDL levels in curcumin-treated mice 

(group III) decreased extremely significantly (p<0.001) as compared 

to LDL and VLDL levels PC mice. Also, there was no significant 

decrease (p>0.05) in the mean LDL and VLDL levels in mice treated 

with ciprofloxacin (CFX, group IV) as compared to choline-fed mice 

(PC, group II). Furthermore, the effect of curcumin on the decrease 

of serum LDL and VLDL levels was found to be highly significant to 

that produced by ciprofloxacin.  

Therefore, it was concluded that treatment with curcumin (30 
mg/mice/day) produced significant reduction in mean serum total 

cholesterol, triglyceride, LDL and VLDL-cholesterol, and also 
significantly increased serum HDL levels. 

Liver homogenates prepared from different groups namely NC 

(group I), PC (group II), CUR (group III) and CFX (group IV) were 

incubated with TMA and then analyzed by HP-TLC for the detection 

of amount of unreacted TMA. The amount of TMA detected was co-

related with the amount of TMAO formed by the enzyme FMO3. 

Therefore, greater the concentration of TMA (that is, lesser TMAO 

formed) would imply the decreased activity of FMO3 enzyme. 

The average concentration of TMA left unreacted was calculated, 

and found to be (709.786±18.425) ng/µl in the normal control 

(group I) samples and (865.332±1088.3) ng/µl in curcumin-treated 
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(group III) samples. Also, the samples of different groups were 

compared to those of the normal control group samples, and the 

percentage change in FMO3 activity was calculated taking the FMO3 

activity in normal control (group I) samples to be 100%. Therefore, 

it was concluded that curcumin shows FMO3 inhibiting activity. 

CONCLUSION 

In conclusion, the present study demonstrates the efficacy of 
curcumin in preventing the conversion of choline to TMA by 
Providencia rettgeri as well the conversion of TMA to TMAO by 
inhibiting liver FMO3 enzyme in C57BL/6J mice. The minimum 
inhibitory concentration (MIC) of curcumin was determined to be 10 
µg/ml, thus concluding curcumin’s anti bacterial activity against the 
gut microbe Providencia rettgeri. HP-TLC analysis was performed to 
evaluate the amount of TMA synthesized from standard choline by 
Providencia rettgeri in the absence and presence of curcumin. 
Various samples containing Providencia rettgeri along with 
curcumin at varying concentrations (0, 1, 5, 10, 20 µg/ml) were 
incubated to determine the conversion of choline to TMA. The 
concentration of TMA was found to be maximum in the sample 
containing no curcumin. Whereas, in the samples containing curcumin, 
no TMA was detected. Therefore, it can be concluded that curcumin 
prevents the conversion of choline to TMA. In C57BL/6J mice fed with 
choline diet and treated with curcumin showed significant reduction in 
serum TG, TC, LDL and VLDL levels and a significant increase HDL levels. 
Liver homogenates prepared from different groups namely NC (group I), 
PC (group II), CUR (group III) and CFX (group IV) were incubated with 
TMA and then analyzed by HP-TLC for the detection of amount of 
unreacted TMA. The amount of TMA detected was co-related with the 
amount of TMAO formed by the enzyme FMO3. Therefore, greater the 
concentration of TMA (that is, lesser TMAO formed) would imply the 
decreased activity of FMO3 enzyme. Thus, it can be concluded that 
curcumin has the potential to prevent the formation of pro-
atherosclerotic metabolites TMA and TMAO, as well as has a 
hypolipidaemic action in choline fed C57BL/6J mice.  
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