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Abstract

Drug-food interactions may be beneficial for the treatment of several diseases, mostly due to the 

increased absorption effect resulting from the combinations to nutrients. However, they may also pose 

risks to treatments: drug-nutrient complexes may be not properly absorbed, hampering pharmacokinetics 

and pharmacodynamics parameters. Here we used a standardized method of our group to investigate the 

effect of nutraceuticals compounds (melatonin, vitamin C, vitamin D and lutein) on the activity of 

clinically relevant antimicrobial drugs used against clinical isolates of Staphylococcus aureus, 

Escherichia coli and Pseudomonas aeruginosa. We noticed that the interactions did not follow a regular 

or predictable pattern. For Gram-negative species, most of the synergistic interactions were observed 

with melatonin and vitamin C. Vitamin D produced synergism in some combinations against S. aureus. 

Keywords: Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, nutraceuticals, 
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Introduction  

Nutraceuticals are pharmaceutical formulations prepared with nutrients of vegetable, mineral, 

biosynthetic and other relevant sources, which behave like active substances in medications to 

offer different health benefits
 [1]

. Most governmental regulatory institutions for drugs and food 

worldwide do not recognize the term “nutraceuticals”, and characterize them as nutritional 

supplements
 [2]

. Nutraceuticals can be of interest as complementary therapeutic tools to treat 

different diseases, and can be purchased without need of a valid prescription. These 

formulations usually require regular administration, more than once a day, in fasting or 

following food intake, to make its benefits noticeable (clinically or by laboratorial exams)
[3]

. 

This is due to factors that include low concentration of nutrients (as to authorize sales without 

prescription) and poor oral absorption of some molecules, like flavonoids
 [3, 4]

. Given that the 

effects of nutraceuticals are dependent of prolonged use, interactions with drugs that also 

require frequent administration, such as antimicrobials, are highly probable. 

The use of antimicrobial drugs is necessary to treat infectious diseases
 [5]

. These drugs can be 

antibacterial, antiviral and antifungal. Drug interactions with anti-bacterial are widely 

described in the literature and gathered in relevant databases
 [6]

, whereas their interactions with 

nutrients are poorly described. In several cases, nutrients may hamper the activity of anti-

bacterial
 [6]

. This might contribute to make the picture of bacterial resistance even more 

complex and life- threatening. Given the exposed, we investigated the effects of combining 

different molecules explored in nutraceuticals formulations to different clinically relevant 

antibacterial drugs. 

Materials and Methods 

Nutraceuticals 

We used four different molecules that are widely explored in nutraceuticals products (Table 1). 

They were prepared as aqueous solutions in concentrations that correspond to international or 

national recommended daily intakes 
[7-9]

. 
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Table 1: nutrients used in the study as aqueous solutions and their 

concentrations 

Nutrient Concentration Manufacturer 

Melatonin 3 mg/mL Sigma Aldrich (St. Lous, USA) 

Lutein 10 mg/mL Eurofarma (Brazil) 

Vitamin C 60 mg/mL União Química (Brazil) 

Vitamin D 200 IU/mL Purifarma (Brazil) 

Preparation of bacterial strains 

Clinical isolates of Staphylococcus aureus, Escherichia coli 

and Pseudomonas aeruginosa were obtained from the 

microorganism’s collection from Pit Agoras College 

(Pirating, MG, and Brazil). S. aureus strains are from 

indwelling catheters tips of hemodialysis, E. coli strains are 

uropathogenic, and P. aeruginosa strains were from tracheal 

secretions. A total of 10 isolates from each species was used. 

All strains were cultured in Brain Heart Infusion (BHI) broth 

(Difco) before being tested for identity confirmation with 

VITEK 2 system (version R04.02, bio Meraux), following the 

manufacturer's instructions. 

Interference of nutraceuticals on the activity of 

antibacterial drugs 

The possible interference of the nutrients in table 1 on 

antibacterial drugs was assessed in duplicate using a method 

standardized by our group
 [10]

, with some modifications. 

Overnight-grown bacterial isolates (0.5 Mac Farmland scale, 

100 μL) were inoculated in Mueller Hinton agar petri dishes, 

and antimicrobial disks (Table 2, all from Sensifar, Brazil) 

were distributed as for performing a susceptibility test. Then, 

briefly, 10 μL of the solution of each nutrient was dispensed 

in each disk. The plates were incubated overnight at 37 °C, 

and the inhibition zone mean diameter was compared with 

control plates (disks free of nutrients). Results were 

considered as synergism or antagonism following the 

parameters previously described
 [10]

. 

Table 2: Antimicrobial disks used in this study 

Disks used against S. 

aureus 

Disks used against E. coli and P. 

aeruginosa 

Amoxicillin (20 μg) Amoxicillin (20 μg) 

Ceftriaxone (30 μg) Ampicillin (10 μg) 

Chloramphenicol (30 μg) Ceftriaxone (30 μg) 

Statistics 

The interference of the nutrients on the activity of the 

antibacterial drugs was analyzed using Bio stat for Windows. 

We used Kreskas-Wallis tests followed post hoc Student-

Newman-Keels test. Results were considered significant if p < 

0.05. 

Results 
The combination of nutrients and antibacterial drugs used in 

this study resulted in mixed interactions, but most of them 

were antagonistic (Figures 1-3). The activity of ceftriaxone 

against E. coli isolates was significantly decreased (p<0.05) 

by the addition of the tested nutrients (Fig.1). Lutein 

decreased the activity of ceftriaxone as well, but it was not 

significant (p = 0.077). Melatonin significantly increased the 

activity of ampicillin and amoxicillin against E. coli (p<0.05). 

The other nutrients affected the drugs without statistical 

significance. 

Fig 1: Interference of nutrients on antimicrobial drugs used against E. coli isolates (data is expressed as inhibition zones in mm). CFT: 

ceftriaxone, AMOX: amoxicillin, AMP: ampicillin. C: control, +MEL: addition of melatonin, +Vit C: addition of vitamin C, +Vit D: addition of 

vitamin D, +LUT: addition of lutein. For S. aureus (Figure 2), lutein, vitamin C and melatonin significantly decreased the activity of 

chloramphenicol. Melatonin and vitamin D significantly decreased the activity of amoxicillin. Interestingly, vitamin D and lutein had no 

interference on the activity of ceftriaxone for this specie

A 

B 

C 



~ 12 ~ 

International Journal of Chemical and Biological Sciences  https://www.chemicaljournal.org/

Fig 2: Interference of nutrients on antimicrobial drugs used against S. aureus isolates (data is expressed as inhibition zones in 

mm). AMOX: amoxicillin, CFT: ceftriaxone, CHLOR: chloramphenicol. C: control, +MEL: addition of melatonin, +VitC: 

addition of vitamin C, +Vit D: addition of vitamin D, +LUT: addition of lutein. Melatonin significantly increased the activity of 

ceftriaxone against P. aeruginosa (Figure 3), and vitamin C significantly increased the activity of amoxicillin. However, the 

addition of lutein significantly decreased the activity of amoxicillin and ampicillin.
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Fig 3: Interference of nutrients on antimicrobial drugs used against P. aeruginosa isolates (data is expressed as inhibition zones in 

mm). CFT: ceftriaxone, AMOX: amoxicillin, AMP: ampicillin. C: control, +MEL: addition of melatonin, +Vit C: addition of 

vitamin C, +Vit D: addition of vitamin D, +LUT: addition of lutein. 

Discussion 
Food and drugs are two essential elements for human health, 

for nourishing and transferring essential nutrients for life, and 

for treating diseases
 [11]

. A good balance regarding adequate 

intake of them can provide benefits to health
 [12]

. However, 

drug-food interactions tend to pose risk to clinical treatments, 

due to the chemical interactions that might impair 

pharmacokinetics stages and hamper the mechanism of action 

of drugs
 [13]

. The combinations investigated in this study did 

not present a clear pattern. For Gram-negative species, we 

noticed that most of the synergistic interactions were for 

combinations of the drugs with melatonin and vitamin C. 

Most of the antagonistic interactions, on the other hand, were  

Observed for combinations of the drugs with vitamin D and 

lutein. For S. aureus, the combinations of drugs and nutrients  

Resulted mostly in antagonistic interactions. Vitamin D, 

however, produced synergism in some combinations. Such  

Interactions are poorly predictable and are dependent on  

Experimental procedures to be confirmed. Lutein is a nutrient 

detectable in green leafy vegetables such as kale, spinach, 

broccoli and lettuce. Its distribution in the Body is not 

uniform, with greater concentration in the central retina, 

contributing to visual acuity and central vision
 [14]

. In addition, 

it also has anti-inflammatory properties
 [14]

. Vitamin D is 

known as a steroid hormone, with relevant role in the Immune 

system
 [15]

. The deficiency of vitamin D is considered a factor 

for diseases such as osteoporosis and increased risk of bone 

fractures, as it influences the metabolism of calcium
 [15]

. 

Melatonin is produced in the pineal gland and is relevant for 

proper neural mechanism of sleep and awake cycles
 [7]

. It can 

also be obtained through supplementation. Vitamin C intake 

is necessary for collagen metabolism and general skin health
[16]

. Its effectiveness on the treatment of infectious diseases is 

still being investigated
 [16]

. Previous studies from our group 
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support the observation of the poorly predictable behavior of 

drug-nutrient interactions. Nutrients such as β-carotene and 

lycopene were combined to antimicrobials such as amoxicillin 

and cephalexin against S. aureus and E. coli, and statistically 

significant antagonism was detected
 [17]

. Furthermore, 

flavonoids such as routine and resveratrol also produced 

statistically significant antagonism when combined to drugs 

such as gentamycin and ciprofloxacin against these species
[17]

. On the other hand, β-carotene and lycopene produced 

statistically significant synergism when combined to drugs 

such as chloramphenicol and aztreonam against P. aeruginosa 

strains
 [18]

. Therefore, evidence such as the provided here are 

necessary to clarify the risks or potential benefits of 

combinations of nutrients and drugs. 

Conclusion 
This study showed that nutraceuticals products may interfere 

negatively on the activity of antimicrobial drugs. In some 

situations, the interactions may result in increased activity of 

the drugs. However, it is still safer to conduct 

pharmacological treatments considering the need of avoiding 

drug-food interactions whenever possible and necessary – 

unless these combinations are undeniably beneficial for the 

treatment. Our study is not without limitations: not only more 

strains are necessary in further tests as to increase the 

representativeness of the assay, but also, in vivo studies are 

necessary as to investigate the effects of the immune system 

and hepatic metabolism.  
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