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Abstract

The undiscovered microscopic world is a key to advancement in multidisciplinary fields like
Medicine, Toxicology, Forensic science, and Microbiology etc. The microbial forensics is one
of such advancing field helps in decoding the identification of illicit drugs from abusers by
taking advantage of microbial metabolic pathways of drug. The microbes metabolize illicit
drugs like cocaine into its metabolites (ecgonine methyl ester, benzoic acid, and methanol)
indicating pre mortem administration of drug. The unexplored microbiome can aid in future
crime scene investigation techniques like Biosensors using bacteria metabolic pathway to
ascertain drug identification. The microbial approach has advantage over other techniques as
it is easily modulated, large sampling according to experimentation without involving animals.
However, microbes of soil and sewage water also construct a forensic epidemiological
approach to reveal the drug operation of clandestine laboratory. The future research will aid
the control of drug trafficking and identification of illicit parent drug.
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Introduction

The drug abuse has been a growing concern worldwide for community health problems and
criminal cases. The differentiation of illicit drug and licit use is still a borderline concept
especially when designer drugs are made licit in name of “Research Drug” or recreational drug
in clandestine black market [1].The illicit drugs are being defined by the United Nation Office
on Drugs and Crime (UNODC) as the way in which they are formulated, manufactured, and
distributed through drug trafficking by avoiding the legal norms of controlled substances
considered as illicit drugs. The norms of controlled substances schedule 1 do not have any
medical use for example methylation of amphetamine (Methamphetamine), Di acetylation of
Morphine (Heroin) is considered as illicit drugs[2].The identification of drugs of abuse with
sensitive and specific techniques because of biotransformation and degradation of illicit drugs
in biological system have become topic of future research. The degradation of parent drug is
aided by the microbiota of gastro- intestinal tract, bio transforming parent drug into
metabolites. The metabolites can be detected by spectroscopic methods or mass spectroscopy
for specifications.
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The identifications of metabolites give chemical clue to the parent drug thus giving cause of
death and pre mortem drug administration in post mortem toxicological samples, illicit drugs
like Cocaine are bio transformed by Rhodococcus spp. bacteria to ecgonine methyl ester and
benzoic acid and Pseudomonas maltophila cocaine to benzoylecgonine and methanol[3].The
forensic epidemiology is also a growing research to identify location of clandestine laboratory
manufacturing of illicit drugs through soil and waste water having contaminants of metabolites
of drugs of abuse. The biofilm samples of water were used to identify drugs in environmental
matrices which showed presence of Cocaine and Mephedrone in highest transformation by
bacteria [2,4,5].The developing techniques for identification of illicit drugs on the crime scenes
without using any sophisticated instrument is also aided by microbes in biosensors for example
Staphylococcus aureus have nanopore which releases alpha-hemolysin ultimately degrading
cocaine into its metabolite ecgonine methyl ester [6].The microbial forensics is an evolving
field which aids in multidisciplinary approach of forensics like post mortem toxicology ,
bioterror identification and nanotechnology giving specific and desired results for
identification purpose[7].
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Figure 1. The figure is depicting applications of microbes as biomarker in Forensic
chemistry and toxicology[7-9].

Microbes in Post mortem toxicology

The post mortem toxicology revelation of drugs of abuse by aid of microbes’ biotransformation
of drugs in different biological matrices like Blood/Plasma preferred for all types of drugs, Bile
specifically accurate for Morphine, Tramadol and MDMA (ecstasy) and Fat is preferred for
analysis of tetrahydroxy cannabinol THC, vitreous humor preferred in post mortem alcohol
estimation [10].
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a. Stimulants:
The stimulants like cocaine, amphetamine and methamphetamine are biotransformed by gastro
intestinal tract bacteria or post mortem microbiome as Rhodococcus spp.as cocaine to ecgonine
methyl ester and benzoic acid, Pseudomonas maltophila converts cocaine to benzoylecgonine
and methanol, Pesudomonas fluorescene hydrolyse cocaine into ecgonine which further
hydrolyzed to pesudoecognyl. The Aspergillus niger is another microbe for transformation of
cocaine into ecgonine methyl ester (EME)[3,11].Amphetamine and Methamphetamine are
reduced by gastro intestinal bacteria Enterobacterium, enterococcus, Lactobacillus, and
clostridium to N- demethylation metabolite[12,13].

b. Depressants:
Ethanol and Benzodiazepines are the most abused depressants and Bio transformed by bacteria
in post mortem specimens. The Ethanol is transformed by saccharomyces and candida in urine
samples,S.aureus ,E.coli and K.pneumonia are the predominant bacteria responsible for
digesting alcohol and thus decreasing the blood alcohol volume in estimation .The studies have
suggested that alcohol estimation in post mortem blood and urine is a challenging task for
qunatifcation thus the presence of EtG(Ethyl glucuronidase) and EtS(Ethyl sulphate) is the
most accurate confirmation of presence of alcohol in pre mortem stage .Among the viscera
sample vitreous humor is considered as the most preferrable specimen for alcohol estimation
in long post mortem interval. The presence of specific bacteria like Corynebacterium,
Lactococcus garviae are the indication for consumption of alcohol [2,14,15].The
benzodiazepines are the other type of depressants among which diazepam is mostly abused,
the diazepam degradation and transformation performed by microbe Corious versicolor and
Beauveria arsiana, the other benzodiazepines like clonazepam, nitrazepam liver samples had
biotransformation by B.cereus, Staphylococcus epidermidis and B. fragilis . The flunitrazepam
is specifically transformed by C. perfringens, Staphylococcus aureus [16].

c. Narcotics:
The Heroin among the narcotics is highely abused and post mortem specimens of liver, prostate
reveals the shift in gut microbiota of daily abuser. The techniques like next generation
sequencing, RT-PCR and 16SrRNA gene sequencing reveals the dominance of bacteria in dail
abuser and non-abuser of heroin[17].The D.polymorpha oxidation stress is increased in the
bivalve when heroin is administered. Pseudomonas putida converts the 14- Hydroxymorphine
to dihydroxymorphine,Pesudomonas testosteronii converts morphine to morphinone[3,11].The
gut microbiota reveals decrease of beta diversity predominant in non-abuser and abusers having
high diversity of Ruminococcaceae. The methadone is having specific bacteria for transforming
it to metabolites by Bifidobacterium,Lactobacillus and Fusciatenibacter[16,18].

d. Hallucinogens:
Delta Tetrahydrocannabinol (THC) is a hallucination causing drugs of abuse and many strains
of bacteria can help to determine the abuse of THC as Rhodococcus, Mycobacterium, Gordonia
and Dietza[3,11].

e. Other drugs:
The gamma hydroxy butyric acid which is a Drug facilitated sexual assault DFSA drug or Date
rape drug also have biotransformation in post mortem specimens like blood and urine by
clostridium strains,P.aeruginosa post mortem production which converts Gamma amino
butyric acid to Gamma hydroxy butyric acid helps to estimate the pre mortem consumption of
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GHB [7,8,15,19].The 4 methyl meth cathinone 4MMC is highly abused designer drug found
in putrified biological matrices biotransformed by Staphylococcus aureus, Kleibsiella
pneumonia to its degraded products 2-hydroxy-1-(4-methylphenyl propan-1-one)HMP[20].

Forensic Epidemiology in Identification of Clandestine Laboratory Drugs of Abuse

The illicit drugs/street drugs/Recreational drugs are the interchangeable terms for drugs
synthesized, manufactured, and distributed by clandestine labs in the absence of legal norms.
The specification of location of clandestine labs can be estimated by soil and water
contaminants of illicit drugs by environmental matrices analysis. The sewage water contains
millions of microbes which transform the drug into metabolites and soil or dirt also have
microbiome which transforms the illicit drugs into its metabolites. The dust examination is
dominated by phyla Proteobacteria, Firmicutes and Actinobacteria but drug synthesis changes
the microbiome due to vapor phase exposure of drug and bacteria causing increased abundance
of Pseudomonas which degrades the toluene and Staphylococcus degrades the naphthalene,
benzene analyzed by metagenomics 16SrRNA sequencing revealed drug operation [21].The
biomarker microbe for waste water or sewage forms biofilms having metabolites of drugs
specifically Cocaine and Mephedrone reveals the location of drug operation laboratory and
type of illicit drug manufacturing[22].The water testing is very useful in determining
distribution of drugs in particular area like amphetamine and MDMA is having a new precursor
hiding from law 1-phenylpropan-2-one(BMK) which is revealed by the biomarker in water for
example metabolite of methadone is found as 2-Ethylidone-1,5-dimethyl-3,3-diphenyl
pyrrolidine (EDDP) by LC-MS/MSJ[23].The species of bacteria is found in water and soil
according to the resistance developed by different strains towards the illicit drugs. The
resistance  for  degradation of drugs is in the order of 1Benzyl-3-
Methylnaphthalene>Methamphetamine>N-formylmethyl methamphetamine>Pseudoephed
Rine[24,25].The Psychoactive substances in Water based environment of opioids are
transformed by  Chloroflexi,Planctomycetes  and  for  tramadol  Xantobacter,
Sphingobacterium[26].

Microbes in Biosensors

The increase in the demand of fast and reliable techniques for the crime scene investigation has
been a topic of research. The drug abuse being a major concern all over the world requires on
site testing of illicit drugs for proper functioning of justice system. The microbes metabolize
parent drugs by various pathways of oxidation, reduction, hydrolysis, condensation to form
metabolites giving positive test results for the primary confirmation of drug of abuse. The
Staphylococcus aures have nanopores releasing the metabolite of Cocaine with the help of
alpha hemolysin enzyme thus confirming the presence of cocaine [6].

Bioterror/Bio crime

The silent weapon of biological origin is a dangerous threat to community public health for a
country. The microbes with modified strains are used as bioterror to release them in a
community. The anthrax used as bioweapon in past caused destruction of lives thus law
enforcement agencies also have eye on bioweapon being released and specific techniques to
sequence their strains by 16SrRNA sequencing targeting V3 and V4 region to timely
neutralizing the bioweapon[27,28].
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Table No. 1. The table shows illicit drugs and their metabolites by the aid of
biomarker microbes

Sr No. Drug Microbes Biotransformation | Sources
1.Post-mortem
Toxicology
Stimulants
Cocaine Rhodococcus cocaine to ecgonine | [3,11]
spp methyl ester and
benzoic acid
cocaine to -
benzoylecgonine
and methanol
Pseudomonas
maltophila
cocaine - ecgonine
to pesudoecognyl.
Pesudomonas cocaine into
fluorescene ecgonine  methyl
ester (EME)
Aspergillus
niger
N- demethylation
metabolite
Amphetamine [12,13]
Methamphetamin
e
Enterobacterium
, enterococcus,
Lactobacillus
Depressants
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Ethanol saccharomyces | EtG(Ethyl [2,14,15]
candida glucuronidase) and
,S.aureus EtS(Ethyl sulphate)
JE.coli

K.pneumonia

Oxazepam,
Benzodiazepines desmethyldiazepam | [16]
Corious temazepam
versicolor
Beauveria
arsiana
B.cereus,
Staphylococcus
epidermidis

B. fragilis
C.perfringens,
Staphylococcus
aureus

Narcotics

Heroin D.polymorpha 14Hydroxymorphin | [3,11]
Pseudomonas e to
putida dihydroxymorphine

converts morphine
Morphine to morphinone

Pesudomonas
testosteronii [16,18]

Methadone
Bifidobacterium,
Lactobacillus
and
Fusciatenibacter
Hallucinogens Delta Rhodococcus, CYP2C [3,11]
Tetrahydrocannab | Mycobacterium, | CYP3A
inol (THC) Gordonia
Dietza.
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Other drugs Gamma hydroxy | clostridium 2-hydroxy-1-(4- [20]
butyric acid GHB | strains, methylphenyl
Paeruginosa propan-1-
Staphylococcus | one)HMP.
aureus,
Kleibsiella
pneumonia
2.Forensic
Epidemiology
Soil
Cocaine Pseudomonas Toluene [22]
Staphylococcus | Naphthalene,
benzene
Sewage Water
MDMA Chloroflexi, 1-phenylpropan-2- | [24,25]
Planctomycetes | one(BMK)
2-Ethylidone-1,5- [26]
Methadone Xantobacter, dimethyl-3,3-
Sphingobacteriu | diphenyl
m pyrrolidine (EDDP)
3.Biosensors Cocaine Staphylococcus | alpha  hemolysin | [6]
aures enzyme

Advantages of Microbial Approach in Illicit Drug identification
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The quantitative and qualitative information of xenobiotics (illicit drugs) related to their
metabolic pathways, extent and regions gives metabolic profiling of illicit drugs in correct
manner. The biotransformation pathways are well established and gives strong inferences of
metabolites with regio and stereospecificity. The prior optimization of samples is not needed
compared to traditional approaches and scaling up is affordable for wide ranges of specimen
[29].The microbial approach along with nanoparticle advancements is building specificity and
target metabolite identification for illicit drugs[30].

Future Perspective

The microbial approach is an advancement over traditional approaches which were non-
specific but future database for microbial species having regio and stereospecificity of
metabolites. The major problem is contamination during analysis and sampling which can be
avoided by advancement of fully automated machines involving least human involvement.
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The are specific for each type of illicit drug which can be used to manufacture biosensors
based on the metabolic pathways of parent drug assisting as novel tool in the crime scene
investigation process.

Conclusion

The illicit drugs are a concern worldwide in safeguarding of young generation and community
public health. The identification of drugs trafficked by clandestine laboratory must be precise
and specific. The microbial and nanoparticle approach in forensics aid to precisely gather
information of parent drug and its metabolite. The examination of soil and sewage water also
reveals the forensic epidemiology of drug trafficking. The new nano techniques involving
microbes for biotransformation of drugs reveals the identity of drug. The future research needs
reliable database of microbial species associated with specific illicit drug transformation
pathways, making microbes as biomarker for illicit drug identification.
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