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ABSTRACT: 

Anthropogenic activities against nature and interaction with social, environmental determinants 

create profound health risks for human beings. Combine the response of humans and their ecosystem 

with the shift of climate results in changes in productivity, species interactions, and the emergence of 

invasive species. The outbreak of new viral, bacterial, and other zoonotic strains raised questions on 

new infection, the influence of climate, and ultimately the potential risk on human health. During the 

era of multiple drug resistance, probiotic treatment becomes a major concern for human society. 

Along with digestion and absorption, it produces the highest number of antibodies than any other 

organ of our body, thus, plays a key role to boost up our body’s immune system. Along with that, in 

the new era of nanotechnology, we get new dimensions in medical and pharmaceutical, and 

agricultural fields such as vaccine design, drug delivery, cancer therapy, crop yields, etc. Among oxide 

nanoparticles (as they play a crucial role in various fields because of their size, density, physical and 

chemical properties), titanium dioxides nanoparticles (TiO2 NPs) are used mostly in the agri-food 

sector. The safety of TiO2 NPs was tested on various human cell lines and its effect on human 

beneficial gut flora has tested in dark conditions. This research article focused on the comparative 

study of titanium dioxide nanoparticles on Bacillus coagulans (the dominant, spore-forming, lactic 

acid bacillus used as probiotic) both in light and dark conditions for safe use of drugs. Here, we report 

TiO2 nanoparticle (40 nm) inhibits the growth of bacteria in presence of light, whereas, in the dark 

condition it shows increased growth, electron microscopy images also reveals changes in bacterial cell 

wall integrity due to stressful condition in presence of light.  

Keywords:Titanium dioxide nanoparticle, gut bacteria 

 

INTRODUCTION: 

In the twenty-first century, human civilization 

is facing a great challenge on “Climate change 

and global warming”. The rise of average global 

temperature in terms of intensity and 

frequency in the last decades was caused by 

the increasing consumption of fossil fuels and 

increased emission of CO2. Cutting trees and 

forests are also one of the major causes of the 

rise of CO2 concentration in the air. The 

temperature rise accelerates with time and is 

expected to be faster in the coming year. The 

earth hits up. Life in terrestrial, marine and 

other aquatic ecosystems moves towards the 

pole to get out of the heat that causes contact 

of animals with the new ones and also the 

pathogen to harbour a new host body. Above 

all anthropogenic activities against nature and 

their response towards the ecosystem causes a 

shift of climate, that results in changes in 

productivity, species interactions, and the 

emergence of invasive species. Climate is a key 
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determinant of health. Climate governed a 

range of infectious diseases and the intensity 

of disease outbreaks are controlled by weather 

(Dobson and Carper, 1993). Thus, climatic 

changes are the major cause for the 

appearance of new zoonotic diseases (caused 

by bacteria and viruses or other new strains of 

it) or the appearance of old diseases in new 

places. Antimicrobial resistance is one of the 

major health problems in the 21st century. 

Prevention and treatment of various infectious 

diseases caused by bacteria, parasites, fungi, 

and viruses showed resistance against 

common medicines. The number of drug-

resistant bacteria increased substantially due 

to horizontal gene transfer. In this situation, 

probiotic treatment has become a major 

concern for human society. Because it controls 

the function of mucosa-associated immune 

cells to produce the highest number of 

antibodies than any other organ of our body, 

thus plays a key role to boost up our body’s 

immunity (Helgeland and Brandtzaeg, 2000). 

Thus, beneficial gut floras maintain an 

ecological balance in our gut which harbours 

the largest collection of lymphoid cells. Two 

adaptive arms of defence were generated by 

mucosa-associated immune cells and a 

balanced microbial ecosystem helps those cells 

to maintain a beautiful balance between 

immune exclusion by secreted antibody and 

down regulatory mechanisms to avoid 

hypersensitivity. Along with that probiotic 

organisms also help to reduce the spread of 

antibiotic resistance (Ouwehand et al., 2016). 

Lactobacillus species is the dominant one for 

probiotic treatment. Among all 

lactobacillus, Bacillus coagulans is the 

dominant one and it’s a spore-forming gram-

positive bacteria that germinate in the acidic 

environment of the stomach, after that it 

establishes itself in the duodenum. In the new 

era of nanotechnology, we find various 

applications of engineered nanomaterials with 

less than 100 nm diameter in various fields 

such as drug delivery, disease diagnosis, agri-

food sector, cancer therapy, food yields, etc 

(Van et al., 2002, Hirsch et al., 2005, Mousavi 

and Rezaei, 2011). Now a day’s engineered 

nanomaterials are also used in vaccine design 

(Shin et al. 2020). The agricultural food sector 

also acts as a major field where this 

revolutionary technology has been used to 

yield increased growth of crops with high 

nutritional value (Mousavi and Rezaei, 2011). 

In-plant sciences, mainly two groups of 

nanoparticles were used: mainly metal-based 

nanomaterials and carbon nanomaterials 

(Arruda et al., 2015). Among all metal-based 

nanomaterials, TiO2 stands top based on its 

use with various positive feedbacks of its effect 

on the plant (Rico et al., 2011, Zheng et al., 

2005, Hong et al., 2005, Yang et al., 2007) 

along with that oxide nanoparticles are playing 

a crucial role in various fields because of its 

size, density, physical and chemical properties 

(Jeelani et al., 2020). The bio safety of these 

nanomaterials was tested in human cell lines 

(Rahmani et al., 2018, Brandão et al., 2020). 

Its effect on human beneficial gut flora was 

also tested in dark conditions (Mukherjee et 

al., 2020). This research compares the effect of 

TiO2 anatase nanoparticles on gut bacteria 

both in light and dark conditions for the safe 

use of the drug. 

MATERIALS AND METHODS: 

Preparation of nanoparticle suspension 

Titanium dioxide anatase (50nm, 98% pure, 

hydrophilic) nanoparticles were purchased 

from M K Implex Corp., division: MKnano, 

Missisauga, Canada, it was dispersed in filter-

sterilized DI water (Millipore, resistivity = 18.3 
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MΩ/cm). A stock suspension of 1000 µg/ml 

was prepared by placing it in an ultra-sound 

water bath for 30 min to break aggregates 

(Jiang et al. 2009).  

The size and the morphology of the titanium 

dioxide anatase nanoparticles were examined 

by scanning electron microscopy (SEM) 

transmission electron microscopy (TEM) and 

subjected to EDX and UV-VIS spectroscopy. 

Bacillus coagulans- source, inoculum and 

culture condition 

Each Vizylac capsule by Unichem contains 

120 X 106 spores of the active product 

of Bacillus coagulans. The viable spore count 

of Bacillus coagulans was determined 

(Mukherjee et al., 2020). Viable cell count was 

enumerated by repeated serial dilutions of 

bacterial suspensions followed by plating 

in Lactobacillus MRS Agar plate (Chaudhari et 

al. 2012). The plate was incubated for 48-72 

hours at 37˚C. After that a single colony was 

isolated and culture overnight 

in Lactobacillus MRS Broth (HiMedia, Mumbai, 

India) at 37˚C, 120 rpm. 

Impacts of nanoparticle on bacterial cultures 

both in light and dark condition 

TiO2 anatase nanoparticle of 1 µg/ml exposure 

concentration was made from 1000 µg/ml 

stock suspension. Adjusted bacterial 

inoculums were incubated in test tubes. Three 

sets of tubes each set with two controls and 

two treatments were kept in an incubator both 

in light and dark conditions respectively. After 

16 hours of incubation at 37˚C, 120 rpm 

bacterial suspension was serially diluted and 

the viable count was enumerated by plating on 

a sterile Lactobacillus MRS Agar plate. The 

plate was incubated at 37˚C for 48-72 hours. 

Results were plotted with means ± standard 

error (S.E.M) to produce the histogram of 

bacterial growth. 

Transmission Electron Microscopy (TEM) of 

bacteria: 

For transmission electron microscopic studies 

samples were prepared in the following way:  

untreated bacterial sample and bacterial 

samples treated with 1 µg/ml of NP at 16 

hours, both in light and dark condition were 

washed with cold 0.5 M phosphate buffer (pH 

7.0). Then the samples were fixed in 4 % 

glutaraldehyde at 4˚C for 1 hour followed by 

staining with 1 % osmium tetroxide solution 

and dehydrated by graded ethanol (Hartmann 

et al., 2010). JEOL JEM-2010 high-resolution 

transmission electron microscope was used to 

obtain images. 

RESULT AND DISCUSSION: 

Characterization of TiO2 anatase NP:  

The FESEM image of nanoparticles (Fig.1.a) 

depicts a cluster of elliptical and spherical 

particles based on surface morphology. TEM 

(Fig.1.b) images gave detailed information on 

size of nanoparticle. It ranges between 50-100 

nm. 

The EDS data (Fig. 1.d) showed the purity and 

composition of the nanoparticles used. The 

main peaks were of Oxygen and Titanium. The 

lambda max is known to be around 250-

450nm for Ti (Atif et al., 2015). The UV-Vis 

spectroscopy data showed the maximum 

absorbance in between 300-400 nm region 

with the lambda max at 352nm (Fig.1.c). 

Bacterial growth measurement in presence of 

metal oxide nanoparticles 

In this experiment, we gave a treatment of 

bacteria at 16 hours of incubation in different 

condition both in dark and in presence of light. 

Actually in previous experiment we found 

maximum growth of Bacillus coagulans is at 1 

µg/ml in dark condition. At 16 hour of 
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incubation the bacterial growth reached at 106 

colony forming unit per millilitre and the 

treated bacteria in dark condition showed 

increased growth than the control one (Fig 2 

a). Whereas, in presence of light bacterial 

growth suddenly falls down at 16 hours of 

incubation (Fig 2 b). Thus, TiO2 anatase 

nanoparticle showed toxicity when the 

treatment occurs in presence of visible light or 

UV light. Actually, the nanoparticle showed 

photo catalytic activity in presence of visible 

light, UV- A, B, C, fluorescent light and X ray 

radiation. It causes photo activation of nano 

TiO2 (mainly in case of anatase form) for the 

promotion of electron from the valence band to 

the conduction band, thus leaving behind a 

positive hole. Due to formation of highly 

reactive radicals, it reacts with most of the 

organic substances of its surroundings that 

seems to be toxic for the bacteria. 

Interaction of TiO2 nanoparticle with bacteria 

as examined by TEM 

Previous result in dark condition showed no 

aggregation of TiO2 anatase NPs 

(concentration 1 µg/ml) of 50 nmsize (Fig 3 b) 

and it does not damage bacterial cell wall like 

TEM images of bacteria without treatment (Fig 

3 a, control). But, in presence of lightthe TEM 

image showed that bacterial membrane was 

highly disrupted. Active TiO2 nanoparticle 

interacts with bacterial cell wall at first and 

then with its membrane. This layer also 

becomes damaged with extrusion of cytoplasm. 

In Fig 3 c, we found presence of TiO2 

nanoparticle within this protective layer of 

bacteria. 

CONCLUSION: 

In the end, we can conclude that TiO2 

nanoparticles spatially in the anatase form 

showed a high level of toxicity in presence of 

light because of its photocatalytic activity. The 

reactive radicals in presence of light are 

capable of reacting with the cell wall of 

bacteria and then its membrane causing 

extrusion of cytoplasmic content of bacteria. 

Whereas, no such event occurred in dark 

conditions. Rather bacteria showed increased 

growth at a particular concentration of TiO2 

anatase nanoparticle. Above all, this 

experiment showed a safety measure towards 

the protection of the spore-forming lactic acid 

bacteria in experimental conditions as well as 

for the safe use of drugs (probiotic 

capsule). Bacillus coagulans are used as 

probiotics to treat various diseases and we 

also know that probiotic therapy showed us a 

big ray of hope to build up our body’s 

immunity. Thus, this article deals with an 

approach towards the safety of the human 

body’s immunity. 
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Fig 1 b. TEM image of nano TiO2 anatase Fig 1 a. FESEM image of nano TiO2 anatase 
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Fig 1 c. UV-VIS of nano TiO2 anatase 
Fig 1 d. EDS spectrum of nano TiO2 anatase 

Fig 2 b. Effect of TiO2 Anatase nanoparticle on bacterial  
growth at 16 hours of incubation in presence of light. 
 

Fig 2 a. Effect of TiO2 Anatase nanoparticle on bacterial  
growth at 16 hours of incubation in dark condition. 
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Fig 3 a. TEM images of bacteria without treatment (control) 

 

Fig 3 b. TEM images of bacteria treated with TiO2 Anatase nanoparticle (1 µg/ml) at 16 hours of 

incubation in dark condition. 

 

Fig 3 c. TEM images of bacteria treated with TiO2 Anatase nanoparticle (1 µg/ml) at 16 hours of 

incubation in presence of light. 


