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Abstract: Genotoxic pollutants can be broadly defined as pollutants that, regardless of the mechanism, cause significant changes
in genetic material. People all over the world suffer from various health problems due to genotoxic pollutants. Recent
recommendations from drug regulatory agencies in Europe and the United States (USA) require the monitoring of genotoxic
and potentially genotoxic contamination in drug formulations at the ppm level. Therefore, this review evaluates several
regulatory agency guidelines for monitoring genotoxic contamination, impurity levels, and toxicity in pharmaceutical products.
The review also discusses analytical considerations for measuring genotoxic pollutants at trace levels and concludes with several
examples of measuring several important classes of genotoxic pollutants. We will also explain our results. The article provides
detailed information on genotoxicity studies of waste solutions, metal wastes, and isolated pollutants.
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L. INTRODUCTION
The pharmacy and pharmaceutical industry have grown rapidly over the past century, from small pharmacies and compounding
pharmacies to multi-billion dollar global corporations. In addition to research and development of new drugs, drug safety is also
important. Recent decades have seen many drug scandals, ranging from dangerous chemicals and wrong dosage forms to drugs that
are intentionally fortified and adulterated. Patient safety and comfort are major concerns in medical care today. This requires quality
pots and pans, as well as detailed crafting instructions and tricks. Such efforts by health care agencies are certainly important. For
example, changing the term GMP from Good Manufacturing Practice to cGMP ("c" stands for “"current"”) indicates a continued
commitment to GMP requirements [1]. Similarly, in 2004, the United States Food and Drug Administration (USFDA) announced
the transition from quality-by-design (QbD) to (QbT) testing. The International Council for Harmonization (ICH) has successfully
adopted this approach, leading to the introduction of several quality standards. The main goal of QbD is to develop large-scale
manufacturing processes based on the idea of producing high-quality products with minimal changes. In chemistry, the term
"impurity"” refers to a chemical substance that differs from the chemical composition of a certain chemical phase [2].
Three basic requirements must be met to determine compounds with purity properties [3]. First, pure chemistry must be
thermodynamic at least in one chemical phase and characterized by a one-component phase diagram. Second, pure chemicals must
demonstrate that their properties are truly homogeneous (that is, their properties do not change after passing through the steps of
analytical chemistry). Only attempts to isolate and purify and attempts to obtain pure chemicals have failed. Finally, according to
the standard chemical definition, there should be no traces of other chemical species. In reality, no chemical is 100% pure, as there
are varying degrees of contamination. As detection limits in analytical chemistry decrease, the number of pollutants detected
increases [4].
Impurities are considered a problem in chemical synthesis, but are not a concern as long as their identity is known and their quantity
is controlled. Chemists can obtain compounds with a purity of 97.5% or less as long as these reagents do their job [5]. From a
medical point of view, this is very complicated. Here, chemical synthesis products are designed and manufactured to address
specific medical indications, not just chemicals. Contamination is very important here, as contamination can be accidentally
transmitted to the patient [6].

A. Genotoxic impurities
Genotoxic pollutants are compounds that damage the genetic material (DNA, RNA) of cells when exposed to any level that affects
cell integrity.
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Genotoxic contamination in pharmaceuticals has attracted the attention of the industry due to its serious adverse effects on patient
health. The presence of trace amounts of these pollutants can cause genetic mutations, carcinogenesis and gene disruption, leading
to neoplastic diseases [7]. Genotoxicity leads to aneuploidy, inhibition of topoisomerase, overexpression of defense mechanisms,
interaction with the mitotic spindle machine leading to carcinogenesis, mutagenesis, teratogenicity, and cytotoxicity. Therefore, the
monitoring and control of genotoxic contaminants is an important task for analysts in the development and production of new drugs.
Genotoxic pollutants can be produced from raw materials, solvents, catalysts, and reagents used in drug synthesis. It causes
mutations and increases the risk of cancer [8].
Table 1: Genotoxic compounds in drug substances

Category / Stage Compounds
Solvents Benzene, 1,2-dichloroethane
Reagent Formaldehyde, epoxides, esters of phosphate & sulphonates
Starting material Hydrazine, nitroso, acrylonitrile compounds
Catalyst Toxic heavy metals, metal phosphates
Intermediate Benzaldehyde, nitro compounds
By-product Sulphonate esters, phosgene
Degradation product N-oxides, aldehydes

B. Classification of Genotoxic Impurities:

Chemical carcinogens have a significant impact on health in many countries, and international organizations such as the World

Health Organization (WHO) have developed regulations to control them. According to the M7 recommendations of the

International Conference on GTI Standardization and Evaluation in Pharmacy, they are divided into five types [1,9].

1) Class 1: These pollutants are genotoxic and carcinogenic and present significant harm or risk.

2) Class 2: This pollutant is known to be genotoxic, but unlikely to cause cancer. Finally, the "threshold toxicity (TTC) approach”
should be used to control these pollutants to some extent.

3) Class 3: These impurities have an unusual structure different from the drug formulation and unknown genotoxic potential.
Impurities are defined in this group by structure-function relationships.

4) Class 4: These compounds are structurally similar to medicinal compounds, have signaling functions and are not genotoxic.

5) Class 5: There are no structural warnings for this pollutant. These pollutants are considered non-mutagenic.

Genotoxic contaminants (GTI) are regulated because they cause cancer in humans, and these active contaminants cause concern

about high toxicity in pharmaceutical APIs. To ensure public safety, we need to know that GTI is in our medicines and control it in

small amounts. The purpose of this paper is to review analytical methods and problems used in pharmaceuticals to access, monitor

and control GTI [10-12].

C. Sources of Genotoxic impurities:

Impurities defined by the International Council for Harmonization (ICH), Food and Drug Administration (FDA), and USP include
drug-related impurities, process-related impurities (PRI), solvent residues, and bimodal actives. Medicines are distributed
component. Associated impurities are classified as the first type of API-related impurities due to specific reactions such as oxidation,
dehydration, and decarbonization. Other types are caused by interactions between the API and the receptor, container, or impurities
in the receptor, reagent, or solvent. Impurities associated with APIs may pose genotoxic, mutagenic, and carcinogenic risks due to
their structure-activity relationships [13].

Genotoxic contamination can be introduced by various sources, mainly as raw materials and genotoxic intermediates used in the
synthesis of drugs in the synthetic process. In addition, synthetic substances such as solvents, catalysts, and reagents used in drug
synthesis act as genotoxic contaminants in pharmaceuticals. Deterioration of drugs by storage, exposure to light, atmospheric
oxidation, or hydrolysis results in drug contamination. Stereoselective drug synthesis can involve stereoisomers of raw materials and
intermediates, which help to remove impurities in the drug raw materials. Figure 1 shows the composition of impurities at different
stages of drug synthesis [14,15].
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Figure 1: Sources of genotoxic impurities [15]

1. REGULATORY ASPECTS
There are many regulations and articles aimed at controlling the amount of PGI in pharmaceutical products using certain threshold
values. Various industries and regulatory agencies have developed specific guidelines for disposing of genotoxic contaminants.
Drug regulatory bodies such as USFDA, ICH and EMA have raised concerns about the presence of PGl in APIs and issued
guidelines to limit PGI in APIs. To solve the problem, R&D researchers must actively identify PGI during development, develop
appropriate analytical methods, and demonstrate control strategies for synthetic processes leading to PGI [15].

A. PHARMA Approach
The Pharmaceutical Research and Manufacturing Association (PhRMA) established a task force in 2004 to investigate, categorize,

categorize, and evaluate the toxicity risk of PGI in pharmaceutical products [16]. Showed that most structurally sensitive functional

groups are involved in DNA reactions. This group divides DNA into three groups [17]:

1) Group 1: N-hydroxyaryl, alkyl aminals, aza-aryl N-oxide, alkylation and aminals, purines or pyrimidines, intercalators, etc.
Aromatic group.

2) Group 2: Alkyl and aryl groups such as aldehydes, N-methylol, N-nitrosamines, nitrogen compounds, carbamates, epoxides,
aziridine, propiolactone, propisolones, haloethyl beta, hydrazine, and azo compounds.

3) Group 3: Heteroaromatic groups include reactive Michael acceptors, alkyl phosphonates or sulfonate esters, haloalkanes, and
basic halides (alkyl and aryl-CH2). PARMA divides impurities into five categories [15].

e Class 1: Genotoxic (mutagenic) and carcinogenic pollutants. These pollutants represent the most serious threat and their
elimination is the most important challenge for the conversion process. If this is not possible, the TTC concept should be
adopted as a last resort.

e Class 2: Genotoxic (mutagenic) but pollutant with unknown carcinogenic potential. This waste is regulated by the TTC
principle.

e Class 3: Contains signal compounds of unknown API structure and genotoxic (mutagenic) potential. This group includes
impurities and functional parts that may be related to genotoxicity depending on their composition.

e Class 4: Contains errors in the API custom alert structure. This group includes functional and structural generalized anxiety
disorders.

e Class 5: Waste without a warning structure is considered normal waste and managed according to ICH guidelines.

e Class 3 or Class 4 compounds are assigned to Class 2 and Class 5 if genotoxicity has not been tested.
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B. USFDA Draft Guidance

In December 2008, the USFDA distributed a draft rule named "Suggested Approach for Genotoxic and Cancer-causing Pollutants in
Medication Substances and Items".

As of late, this rule has been supplanted by the ICH M7 rule on "Assessment and Control of DNA-Responsive Debasements (PGIs)
in Drug Items to Restrict Potential Malignant growth Dangers.” The USFDA rules give explicit suggestions to the wellbeing
capability of genotoxic pollutants. known or thought. These rules portray different techniques for describing and lessening the
potential disease chances related with genotoxic and cancer-causing pollutions. Suggested approaches incorporate (1) counteraction
of genotoxic and cancer-causing contaminations; b) decrease of levels of genotoxic and cancer-causing pollutions (most extreme
passable day to day target measure of 1.5 g/day), (iii) extra recognizable proof of genotoxic and cancer-causing dangers, and (iv)
contemplations for adaptability of way to deal with better help fitting debasement particular [18, 19].

1) ICH guidelines

According to ICH guidelines, impurities in drug substances and drug products are non-toxic and do not cause adverse effects. (a)
0.10% or 1.0 mg per day (whichever is less) 0.15% or 1.0 mg (whichever is less) > 2 g per day 0.03% 0.05% 0.05% a) Dose which
is ordained every day. (b) Higher reporting limits must be scientifically justified. c) If the impurities are highly toxic, there may be a
lower limit. Benefits for patients. For example, ICH Q3A15 regulates impurities in new drug substances by setting limits for
reporting, identifying and detecting impurities. ICH Q3B16 and ICH Q3C17 are similar guidelines for controlling impurities and
residual solvents in new drugs. Based on the potential risk to human health, waste solutions are divided into three categories [20].
Class I solvents should be avoided and daily exposure limits should be allowed for class 11 solvents, but there is no health limit for
class 111 solvents with an exposure of 50 mg per day. ICH Q3D is currently under development and includes elements of heavy
metal pollutants and limits [21]. The currently published ICH guidelines for impurity limits are not appropriate for most genotoxic
contaminants. The main problem of genotoxic contamination is that drug synthesis requires the use of reactive substances that can
interact with human DNA, cause mutations, and even cause cancer at very low levels. Therefore, genotoxic contamination should be
prevented or reduced as much as possible below the defined limit [22].

2) EMEA guideline

The European Medicines Agency (EMEA) guidelines provide a framework and practical approach on how to address genotoxic
impurities in new active ingredients. According to the guidelines, "Toxicological assessment of genotoxic impurities and the
determination of acceptable limits for such impurities in active ingredients is a difficult problem and is not discussed in detail in the
current ICH Q3X guidelines. The TTC limit for genotoxic impurities is considered to be 1.5 pg/mg/drug this drug is accepted by the
majority. " Product Day, Medicinal Products for Human Use (CHMP), 2006 Classification of hazardous compounds (lifetime risk
less than 1) as genotoxic (pollutant) in vitro or in vivo genotoxicity test using DNA reagent. Considered mutagenic and carcinogenic
in EMEA / CHMP, 2006) [23,24].

3) Toxicological Background
Current observations show that genotoxic compounds (in vivo) can cause DNA damage at any exposure level and that such damage

can lead to tumorigenesis. Therefore, there is no established threshold for genotoxic carcinogens and it is reasonable to assume that
any level of exposure is a risk. However, when it comes to genotoxic events, there is evidence that the mechanism causes
biologically significant threshold effects. This is especially true for non-DNA targets and compounds that can be neutralized before
hitting the critical target. The regulatory approach for such chemicals can be based on establishing no-effect levels (NOELs) and
using uncertainty factors. Even for compounds that can interact with DNA molecules, some protective mechanisms are effective at
low doses, so linear extrapolation to very low exposure levels (to humans) in high-dose studies may not be appropriate. However,
experimentally proving the existence of a genotoxic threshold for a particular mutagen is currently very difficult. Therefore, if there
is sufficient evidence to support a range of genotoxic compounds and it is difficult to determine a safe dose, the concept of
acceptable risk should be adopted [25,26].

1. CLASSFICATION OF GENOTOXIC IMPURITIES
1) Alkyl halides:
Methyl halide, ethyl halide, and propyl halide are widely used as industrial alkylating agents. Although the mechanism of toxicity is

not fully understood, it directly alkylates biologically active macromolecules such as proteins and DNA.
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Sources of alkyl halides in the API stream include not only the direct use of alkyl halides, but also the leaching of hydrogen halides
and ammonia salts from alcohol solutions [27].

2) Dialkyl Sulfates:
The most common dialkyl sulfates used in the pharmaceutical industry are methyl and ethyl sulfate, the latter of which is used as a

chemical weapon. Dimethyl sulfate (DMS), a strong methylating agent, is used to introduce methyl groups to atoms characterized
by lone pairs, such as oxygen, nitrogen, carbon, sulfur, phosphorus, and some metals. DMS is preferred over alkyl halide-based
methylating agents because the reaction is faster and the production of side products is less.

A para-sympathomimetic drug that acts as a reverse acetylcholinesterase inhibitor in the final synthesis step of quaternary aromatic
amines. Dimethyl sulfate is used in the final step of APl synthesis to form neostigmine, a quaternary ammonium salt [28].

3) Epoxides:

E)poxiges are the simplest cyclic ethers with three ring atoms. Due to the large ring strain associated with the three-membered ring,
epoxides are highly reactive molecules and are therefore often used as reagents for API production. It readily participates in epoxide
ring-opening reactions with alcohols, amines, halides, organometallics, cyanides, sulfides, aromatics, and reactive methylene groups.
On the other hand, the high reactivity of this compound leads to genotoxicity because the two electrophilic carbon atoms of this
compound can react with the nucleophilic center of DNA to form alkylation products. Substituted epoxides such as 2,3-
epoxypropanol (glycidol), 1-chloro-2,3-epoxypropane (epichlorohydrin), or 1,2-epoxy-3-butene during API synthesis. Epoxide ring
opening reactions are localized and functional, so they can act as coupling agents or form heterocycles [29].

4) Hydrazine:

T)he tgxicity of hydrazine and its derivatives is due to the formation of carbocations, carbon-based radicals, and oxygen-based
radicals, which are highly reactive species. DNA alkylation and other DNA damage have been reported for these reactive
intermediates [30].

The formulation of Sildenafil, also known as Viagra, used to treat erectile dysfunction, involves the formation of a substituted
pyrazole ring with the help of hydrazine [31].

5) Aromatic Amine:
Aromatic amines are generally not genotoxic, but electrophilic species are produced after metabolic activation. The main metabolic

pathway of aromatic amines is oxidation to produce N-hydroxy compounds related to acetate, sulfate, or glucuronide. Binding then
produces nitrene ions (ArN + H), which are considered active DNA-bound genotoxins [32].

6) Boronic acid:
Boronic acid was recently tested and identified as a new family of bacterial mutagens. However, there is no direct evidence of direct

covalent bonding between them and DNA. Recently, 12 of thirteen boric acids tested by O'Donovan et al. Losartan, an angiotensin
Il receptor antagonist, is used to treat high blood pressure. The diagram below shows the synthetic steps involved in the synthesis of
losartan developed by Merck research chemists such as Suzuki. First, tertly protected phenyltetrazole was ortholyzed with butyl
ether, then quenched with triisopropyl borate, and after treatment with aqueous ammonia chloride solution, boronic acid compound
was obtained. Another major Suzuki interface with these derivative boronic acids is involved in coupling reactions with imidazole
alcohols [33].

7) Sulfonates Esters and Their Precursors:
Sulphonic acid esters are alkylating agents and potentially genotoxic compounds. They are called alkylating agents because of their

ability to add alkyl residues to the active nucleophilic sites of DNA bases or after metabolic activation [34].

8) Nitrosamines:
Nitrosamines or N-nitrosamines are molecules that contain a nitrogen functional group (N-NO). N-nitrosamines are polar,

hydrophilic molecules with high vapor pressure and very high solubility in water. N-nitroso compounds are a large group of strong
carcinogens, including N-nitrosamines.
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These N-nitrosamines are derived from alkyl, alkaryl, aryl or cyclic amines. Common groups derived from N-alkyl amides, N-
alkylureas, N-alkyl carbamates, and N-nitrosamides. These compounds are associated with nitrosamine pollutants that can be
mutagenic, teratogenic, and carcinogenic to humans [35].

ICH M7(R1) classifies nitrosamine pollutants as Class 1 genotoxic pollutants based on carcinogenicity and mutagenicity data in
mice. These are known to be mutagenic and carcinogenic. These nitrosamine impurities affect genetic material by causing mutations
through chromosome breakage, rearrangements, covalent bonds, or duplicated DNA. Changes in genetic material caused by
exposure to small amounts of nitrosamine pollutants can lead to cancer. Therefore, the detection of nitrosamine impurities in
pharmaceutical products is important to ensure public safety [36].

V. TECHNIQUES TO DETECT GENOTOXIC IMPURITIES
Contaminant analysis and analytical methods that are sensitive, selective and reliable are essential to develop a rational and
adequate management strategy for GTI. The choice of method for GTI analysis depends on the expected concentration of these
pollutants, target definition, and regulatory compliance. Therefore, the chosen method must provide reliable analytical data and the
chosen method can be used for typical test loads. Analytical methods are based on genotoxic and chemical characteristics of GTI,
including different compositions, reactivity and sensitivity to the chosen detection method, and possible matrix effects (shown in
Table 5).
Quantification of ppm levels of GTI in pharmaceuticals poses several challenges for analytical chemists, including:
1) Selection of appropriate analytical methods to develop methods according to GTI characteristics (volatility, thermal stability,
presence of chromophores, hydrophabicity, etc.).
2) GTI characteristics, such as Gl reactivity and stability, must be determined during the development of the method to provide the
necessary evidence for reproducibility and precision.
3) Choose a sensitive analytical method, clinical dose and study duration in the development of the method.

4) The developed analytical method includes parameters for choosing the detection method (ultraviolet [UV], light scattering,
electrochemical detection, mass spectrometry, etc.). For example, the matrix impedance is the inverse of the matrix quotient:
5) Isolation of target analytes by sample preparation.

6) Chromatographic solution or
7) Using more selective detectors.

8) Various analytical methods can be used to analyze GTI. Due to the different structure of the matrix and the complexity of the
matrix, it is difficult to choose the ideal method. However, no single approach can be used to solve all problems. Over time,
isolation methods, linear methods, and software based on silicon drug design have been widely used [38].

9) Many analytical laboratories in the pharmaceutical industry follow a consistent strategy to develop the two-step GTI method:

10) Evaluation of analytical volatility to choose a chromatographic method.

11) Choose a detection method based on the properties of the analyte, such as the presence of chromophores or halogen atoms in
the molecule.

A. Genotoxic Impurities and Principle of Genotoxicity
Genotoxic pollutants and chemicals can have mutagenic and DNA-damaging effects. Genotoxicity tests are performed such as in

vitro and in vivo tests. In general, this test has been shown to identify compounds that cause genetic damage through different
mechanisms [39]. The purpose of this test is to determine the risk associated with DNA damage and stabilization. DNA damage can
occur in a number of ways, including genetic mutation, large-scale chromosomal damage, or recombination. In addition, genetic
influences and various disease processes can be studied. The entire implementation process is complex and genetic variation is
partly responsible [40].

Changes in the number of chromosomes may be related to tumor progression. Carcinogenicity can be predicted by genotoxicity tests.
Potential mutagenic impurities in pharmaceuticals can be identified by conventional mutagenetic studies. More detailed information
on this is provided in the ICH S2 Guidelines on genotoxicity testing and data interpretation. The safe dose of chemicals / solutions
can be calculated using various QSAR-based software such as MDL, DS TOPKAT, Tox box and Leadcope. Estimated safe doses
were calculated for acrylonitrile (7.6 pg/day), 2-amino-4-nitrophenol (1007 pg/day), and nitrobenzene (31 pg/day) and met the safe
carcinogenic dose limit in animals. From this study, it can be concluded that in silico detection of mutagenic structural defects
provides a sensitive and conservative method for the detection of genotoxic contaminants [41].
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In the absence of additional genotoxicity literature, the detection of contamination using the reverse mutation method of bacteria
(Ames test) should be considered [42]. In recent years, much attention has been paid to new strategies developed to combat
genotoxic pollutants or genotoxic pollutants arising from drug synthesis. These genotoxic pollutants can be introduced as starting
materials, reagents, intermediate catalysts, side products, degradation products, and isomers [43,44].

B. Analysis of Genotoxic Impurities
Analyze contaminants using sensitive, selective, and reliable analytical methods to develop GTI management strategies. The GTI

analysis method is determined by the expected levels of these pollutants that meet target standards and regulatory requirements.
Analytical procedures should provide a detection limit of 1 to 5 ppm (0.0001 to 0.0005% wi/w). Additional organic impurities such
as by-products may be more abundant in the lower concentration range, so such low levels require not only sensitive analytical
equipment but also greater selectivity. Low-level impurities can be treated with large amounts of API [45]. Gas chromatography
(GC) and liquid chromatography (LC), often used with mass spectrometry (MS) detection, are two analytical methods for Gl
determination. Below are some common examples of Gistrace analysis using GC and LC. The possibility of online reaction
monitoring has also been discussed [46].

The European Agency for the Evaluation of Medicinal Products (EMEA) has developed guidelines to limit genotoxic impurities in
pharmaceutical formulations based on the concept of toxicity concerns (TTC) (1). With the "general warning function” (2), the
pollutant is measured at a level below the TTC, equivalent to a daily intake of 1.5 g (for lifetime exposure). In practice, this means
that genotoxic impurities in medicinal substances or pharmaceutical products must be detected at lower levels than conventional
impurity assessment methods. In general, GI (dissolved mass or specific solubility) can be determined at a drug concentration of 10
ng/g to 1000 mg/g (10 to 1000 ppb). As a result, it is difficult to develop methods to detect genotoxic contamination in drug testing.
HPLC (using a UV/Vis detector) and GC (using a FID detector) are the most commonly used methods to detect genotoxic pollutants.
Mass spectrometers have been used as detectors in recent years to achieve better sensitivity and selectivity [47].

C. Herbal Medicine and Genotoxicity
The use of herbal medicine to prevent and treat disease has a long history. The history of its use goes back to mankind and the

earliest written records of antiquity, the Middle Ages, and modern times. [48] It has been a major part of human civilization since
ancient times. The World Health Organization reports that about 80% of the world's population relies on medicinal plants for
primary health care. Since then, herbs have been widely used throughout the world, especially in Western countries [49]. For
example, 71% of the Canadian population (IPSOS-Reid, 2005) IPSOSReid, 2005 Medicine. Approximately 19% of US adults use
herbal medicinal products [51,52], and the market size in the US has increased from $23 billion in 2000 to $5 billion in 2011 (NBJ).
Plants from Africa and Asia cost an average of $1 billion in 2004 [53].

In addition, the WHO recommends the use of traditional Chinese medicine in the primary health care system in poor countries [54].
Although herbal remedies are effective and documented, their toxicity is often unknown. Furthermore, unlike modern
pharmaceutical research and development, the toxicity of traditional herbal medicines is often unknown. On the other hand, many
people are apathetic and believe that because these things have been used before, they must be safe. Advances in genomics,
proteomics, and metabonomics in the post-genomics and bioinformatics era may be important in determining genotoxicity,
teratogenicity, and nephrotoxicity of plant-based therapies [55].

V. CONCLUSION

Identification and regulation of genotoxins by synthetic processes is difficult due to their variable properties and different routes of
entry. Therefore, synthetic pathways should be tested for structural defects associated with genotoxicity. This review article
describes genotoxic contaminants (GTI), their sources, classification, and current regulatory approaches to control genotoxic
contaminants in pharmaceuticals. This review article provides a brief overview of the various GTI models and includes examples of
each class. Since it is very difficult for researchers to determine the trace level of GTI, the detection method is also shown in the
diagram. Almost all GTls are mutagenic, but in the case of nitrosamines there is no strong evidence that they are mutagenic or
carcinogenic, literature showing genotoxicity. Therefore, it is considered mutagenic and carcinogenic. Various management
strategies to reduce addictive GTI are also discussed.

Balancing risk and cost in drug compound development requires a multidisciplinary approach involving experts in toxicology,
synthetic chemistry, and analytical chemistry. Finally, it is fair to conclude that a safe product has expected benefits and risks
commensurate with the available alternatives.
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VI. FUTURE PROSPECTS
Although various regulatory agencies have developed guidelines for the safety and efficacy of pollutants, there is a need for uniform
specifications/standards to manage pollutants.
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