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ABSTRACT
The advent of industrial revolution caused a large inflow of synthetic chemicals for medical,
agricultural, industrial and other purposes in the world. In general, these chemicals were subjected
to toxicological risk assessment for human health and ecology before release for public use. But
today we are witnessing a negative impact of some of these chemicals on human health and
environment indicating an underestimation of toxic effects by current risk assessment protocol.
Recent studies established gut microbiota as one of the key player in intercession of toxicity of
drugs and synthetic chemicals. Hence, the need of the hour is to include the assessment for
microbiota specifically gut microbiota in human toxicological risk assessment protocol. Herewith we
are proposing a framework for assessment of gut microbiota upon exposure to drugs or chemicals.
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Introduction

During past few centuries, humans had produced a wide
variety of natural and synthetic chemicals by different
processes that transformed the entire world. These
chemicals initially led to industrial revolution followed
by agricultural revolution in the form of synthetic fertil-
izers and pesticides, medical revolution as synthetic
drugs and continuing today as electronic revolution. The
synthetic chemicals produced for different purposes are
normally subjected to human and ecological risk assess-
ment and only the chemicals that pass through this
assessment are released to public or environment.1 Toxi-
cological risk assessment is defined as the process to esti-
mate the nature and probability of adverse health effects
in humans or other organisms who may be exposed to a
particular chemical at present or in future.1,2 Based on
this risk assessment, the chemicals are currently catego-
rized based on their health effects that includes acute
toxicity, skin irritation, eye damage, respiratory sensi-
tizer, skin sensitizer, germ cell mutagenicity, carcinoge-
nicity, toxic to reproduction, effect on or via lactation,
teratogenicity, specific organ toxicity and so on.3

Recent studies indicate the impact of drugs and
environmental chemicals on gut microbiota and also
the impact of microbial metabolization of drugs.4-6

food7-8 and environmental chemicals9-11 and its subse-
quent effect on physiology and pathology of humans.4-
11 Microbiota is today recognized as an organ of the
human body that plays a vital role in human health
and disease.12 Besides their role in body physiology, it
plays a key role in digestion and metabolization of
xenobiotic compounds. Microbial metabolism of
chemicals by gut microbiota can be accompanied by
microbial dysbiosis – a change in the microbial com-
munity structure, induction of specific bacterial genes,
and microbial transformation of chemicals.12 In addi-
tion, chemicals can be absorbed and transported to the
liver, where they are conjugated and excreted back into
the gut through bile secretion for subsequent microbial
metabolism.13,14 These studies indicate that human
toxicological risk assessment of chemicals will not be
complete without inclusion of gut microbiota as a
parameter.
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Proposed toxicological risk assessment protocol
for gut microbiota

The outline of the proposed protocol for the risk assess-
ment of microbiota for a known or new drug or chemi-
cal is provided in Fig. 1. It is essential that the
microbiota is assessed at both acute and chronic
dose of study chemical. In both cases, after exposure to
the chemical, the faecal samples should be collected
and processed for further experiments. The microbiota
has to be assessed in two different ways: 1. What
changes are induced by the chemical on the gut micro-
bial community structure 2.What changes are incurred
by gut microbes on the chemistry of the study com-
pound? To address the former query, the whole geno-
mic DNA can be isolated from faecal samples and 16S
rRNA sequencing or qPCR can be performed using
genera specific primers. Dysbiosis can be assessed by
determining changes in abundance of members of
microbial community. The observed changes in abun-
dance or reduction of specific communities can be
compared with previous reports relating to specific dis-
ease or other condition.13 In recent studies, bacterial
species identified to be overexpressed during disease
condition were proved to induce disease condition in
rodent models like induction of colon tumoriogenesis
by Fusobacterium nucleatum.14 Similarly, Akkermansia
muciniphila was noted to be decreased during obesity
and diabetes and supplementation of A. muciniphila
reduced the effect of these disorders.15 But it is impor-
tant to note that it is unclear if a disease condition cause

changes in the microbial community or vice-versa but
hopefully in coming years this puzzle will be solved.
Metagenomic DNA or metatranscriptomics analyses
will provide the picture on the effect of the study chem-
ical on functional effects of the gut microbiota.

The metabolizing potential of gut microbiota is vast
and several studies proven that the drugs and environ-
mental chemicals were metabolized by the gut micro-
biota. The metabolites produced by gut microbial
process were proven to alter the host physiology and
pathology.13,16 Hence it is essential to assess whether a
specific chemical can be metabolized or not by the gut
microbiota. After the exposure period, changes in the
metabolite profile of faecal samples can be studied by
mass spectrometry techniques. This will allow identifi-
cation of the metabolites resulting from biotransforma-
tion of the chemical of interest by the gut microbiota.
In case of known compounds, the toxicity profile can
be assessed from the database while in case of unknown
compound, all the protocols in conventional toxicolog-
ical risk assessment must be performed.

Models to assess gut microbiota

Small animals specifically mice and rats are largely
used as experimental animals for toxicological studies
due to their similarity with anatomy and physiology
of humans. Mice are widely used as a model for gut
microbiota studies as they have quite similar structure
of gastrointestinal tract with a few prominent differen-
ces and availability of germ-free and genetically

Figure 1. Proposed work flow for toxicological risk assessment of gut microbiota for a known or new drug and chemical.
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modified mouse models.17 The gut microbiota of
human and mice are dominated by two major phyla,
Bacteriocides and Firmicutes but there are differences
at the species level. Despite similarities, multiple fac-
tors including host-microbe response are different
between humans and mice.17 To overcome this pitfall,
human microbiota-associated (HMA) mice were
developed by inoculating a human microbiota in
germ-free mice.18 This HMA mice are regarded as the
best model to study gut microbiota. For toxicological
risk assessment, the effect of study chemicals need to
be assessed at both acute and chronic level. In case of
drugs, the recommended daily dosage and in case of
environmental chemicals, theoretical maximum daily
intake (TMDI) dose can be employed for chronic
exposure studies. Based on mode of exposure in prac-
tice, the study chemical can be given to the model ani-
mal by oral gavage, drinking water or feed or by nasal
route or skin exposure and the subsequent effect on
gut microbiota can be assessed.

The in vitro human/ animal cell lines are used as
a model for toxicological risk assessment primarily
to reduce time and to avoid sacrificing of large
number of experimental animals. Similarly, to study
gut microbiota, an in vitro system was developed
and christened as “The stimulator of intestinal
microbial ecosystem (SHIME)”.19 SHIME mimics
the entire gastrointestinal tract including stomach,
small intestine and colon. In parallel, bile and pan-
creatic juice are also fed to the stomach and small
intestine compartments to mimic the natural sys-
tem by maintaining specific feed, pH, temperature
and nutrients. The faecal microbiota is used as the
inoculum to this system and suitable period is pro-
vided for the microbiome to adapt to each segment.
The complete details of the SHIME system, build-
up, operation time, stability and reproducibility are
discussed elsewhere.19 The effect of different dietary
compounds20 and chlorpyrifos pesticide21 were
studied using SHIME system.

Anaerobic culture methods can also be employed to
assess the effect of drug or chemical on gut micro-
biota.4,9 In this culture method, human or animal fae-
ces can be cultured in presence/ absence of the specific
chemical and after the culture period, the changes can
be assessed. In our anaerobic culture with faeces and
with organophosphate insecticides, we observed the
increase in the activity of xenobiotic degrading
enzymes, expression of specific genes and degradation

of insecticides into glucogenic substrates.9 The major
advantages of these in vitro systems (SHIME and cul-
ture method) are short time span and employment of
human feces directly as the inoculum. On the other
hand, the negative features of in vitro models are lack
of ability of the absorption of digested compounds
that occurs naturally in intestine and absence of influ-
ence of host cell factors on the physiology of microbial
system.19 Hence, these in vitro models could be a suit-
able system to study the effect of chemicals on micro-
bial dysbiosis and not on the effect of the compound
or its metabolites on different organs of host. The final
culture from SHIME or anaerobic culture can be
transplanted to rodents by oral gavage to understand
its effect on host system.8,9

A new microfluidic technology termed as “Gut-on-
a-Chip” can be exploited to understand the effect of
chemicals on gut microbiota and its subsequent
impact on host intestinal cells.22 In this system, epi-
thelial cell line such as Caco2 cells are subjected to
peristalsis-like motions and liquid flow leading to dif-
ferent types of differentiated epithelial cells. Single
bacterium or whole microbiota can be co-cultured on
this chip system with intestinal cells and their effect
on host-microbe interaction can be studied.23 For
toxicological assessment, the candidate drug or chem-
ical can be mixed with flow liquid at desired concen-
tration and its effect on both microbial cells and host
cells can be studied simultaneously. It is also manda-
tory to develop modeling/ simulations for scaling up
of the gut microbial changes from mice to human
system and in vitro to in vivo systems.

Conclusion

Though our proposed assessment is focused only on
gut microbiota, they can be extended to oral, skin, vag-
inal and other body microbiota for human health risk
assessment and soil, water and air microbiota for
ecological risk assessment. Our proposed assessment
protocol is preliminary and it is essential that con-
cerned bodies and toxicological societies constitute
committees to formulate regulations for inclusion of
microbiota in the conventional risk assessment for
drugs and synthetic chemicals.
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