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Abstract

Ceftiofur Sodium is a semi-synthetic beta-lactamase broad spectrum third generation of cephalosporin antibiotic.
The development and validation of a two-level agar diffusion (2+2) bioassay to quantify ceftiofur in powder for
injection is described in this paper. Bacterial strain Bacillus subtilis ATCC 6633 (MTCC 441) was selected and used
as the most significant strain against ceftiofur sodium. The mean potency recovery value of ceftiofur sodium in
marketed sample XCEFT powder for injection was estimated to be 101.79%. All potency results were statistically
analyzed and found to be linear (r*= 0.9916) in the range of 1.0-10 pgmL", with the intermediate precision RSD
between days was 0.81%; intermediate precision RSD between analyst was 0.43% and accuracy 101.08%, RSD
= 0.28%. The findings backed up the proposed microbiological technique, which allowed for accurate ceftiofur
sodium quantification in pharmaceutical samples. Furthermore, bioassay is a useful, easy and cost-effective method
for controlling the quality of ceftiofur sodium in raw material as well as in pharmaceutical preparations.

Keywords: Ceftiofur sodium, Bacillus subtilis, Bioassay, Quality Control, Potency.

Introduction

Ceftiofur sodium is a semi synthetic, beta-lactamase
broad spectrum third generation cephalosporin
group antibiotic, approved for use in veterinary
medicine by Food and Drug Administration (FDA).
Ceftiofur sodium has been developed as dry powder
injection which is reconstituted in sterile water prior
to intramuscular administration. Ceftiofur is used
to treat respiratory disease in swine, ruminants and
horses associated with Actinobacillus (Haemophilus)
Pleuropneumoniae, Pasteurella multocida, Pasteurella
himolytica, Salmonella choleraesuis and Streptococcus
suis'*. Ceftiofur is resistant to beta lactamase
producing organisms and has an antibacterial

© Red Flower Publication Pvt. Ltd.

activity against both Gram-positive and Gram-
negative bacteria.*” Escherichia coli strains resistant
to ceftiofur have been reported.®

Ceftiofur sodium is sodium 7-[(Z)-2-(2-amino-
1,3-thiazol-4-yl)-2-methoxyimino)acetamido]-3-(2-
furoylthiomethyl)-3-cephem-4-carboxylate  (Fig.
1) with the chemical formulae C;,H;;N;NaO,S,
and a molecular weight of 545.5. It is an off-white
crystalline powder.”

The pharmacopoeias recommend using high
performance liquid chromatography (HPLC)
with UV detection and a mobile phase composed
of water, phosphate buffer, and acetonitrile for
official quality control of ceftiofur sodium as a raw
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Fig. 1: Chemical Structure of Ceftiofur sodium

ingredient or in pharmaceutical preparations.”

There is only one method reported in literature
which employs a 3x3 agar diffusion assay using
Micrococcus luteus (ATCC 10240) as the test
organism for their microbiological assay for the
quantitative determination of ceftiofur sodium
powder.® However, two level (2x2) factorial
agar diffusion microbiological assay method,
which was validated in this present study for
quantitative determination of ceftiofur sodium
in dry powder injection, is mentioned only in
the Indian Pharmacopoeia.” Several methods for
determining ceftiofur in cow milk and serum using
high performance liquid chromatography have
been reported in the literature.*'

Microbiological assay for other antibiotics
such as streptomycin, spiramycin, tylosin and
oxytetracycline used in veterinary practice have
been described in Indian Pharmacopoeia.” Because
ceftiofur sodium is used to treat bacterial infections
in animals, alternative methods for quantification in
pharmaceutical dosage forms must be developed.
To calculate the antimicrobial activity of antibiotics
using bioassay method, their inhibitory effect
on the growth of the test microorganisms is
evaluated.””® Moreover, the bioassay can monitor
subtle adjustments which can no longer be detected
by means of traditional chemical approach. The
bioactivity as well as the potency of an antibiotic
can be estimated by microbiological assay. The
cylinder plate method extensively used in assay
of antibiotics, correlates the area of inhibition with
the dose of the antibiotic being tested. This study
has taken in to account the theoretical relationship
between the area of inhibition zone and the
concentration of antibiotic in a solution carried out
in perforated plate. Practically the area of inhibition
zone is directly proportional to the antibiotic
concentration.

The reproducibility and precision of data
from the cylinder plate method have led to the
development of advanced statistical techniques.'

The agar diffusion method can also be used to
create calibration zones that isolate the range
of susceptible, resistance, or confer with more
sophisticated responses of microorganisms to
antibiotic drugs.”” Microbiological assay strategies
provide anappropriateamount of antibiotic potency
while posing only a minor risk of interference
from degradation products or biologically inactive
components.'®

This article presents a study to develop and
validate an easy and precise microbiological assay
by agar diffusion technique for quantitation of
ceftiofur sodium as a raw material and injectable
formulation, asanalternative to the physicochemical
methods prescribed in pharmacopoeias.

Material and Methods

Chemicals

A working standard of ceftiofur sodium (purity
assigned 98.0%) was used as a reference substance,
and a commercially sample XCEFT dry powder
for injection containing ceftiofur sodium 250 mg
per vial was obtained from the market. Reference
and test solution were prepared in sterile distilled
water.

Equipment

Calibrated and validated equipment was used for
bioassay study. Sterilized glassware of Class B such
as pipettes, volumetric flasks, petri plates and sterile
borer were used during the test. Microbiological
media was sterilized at 121 °C and 15 psi for 15
min in an autoclave. For the microbiological assay,
glycerol stocks of microbial cultures stored in deep
freezer were used. Petri plates of microbiological
assay were incubated at 37 °C in BOD Incubator.
Antibiotic zone reader was used for measuring the
area of circular inhibition zones.

Microbial strains

Bacterial strains were purchased from national
culture collection centre such as Microbial Type
Culture Collection (MTCC) and National Collection
of Industrial Microorganisms (NCIM) which was
equivalent (eq.) to international culture collection
centre as American Type Culture Collection (ATCC)
and National Collection of Type Culture (NCTC).
Total 9 bacterial strains were used in bioassay
among them 4 are Gram-negative and 5 are Gram-
positive bacteria. The Gram-negative bacteria are
Escherichia coli (MTCC 1687 eq. to ATCC-8739),
Salmonellae enterica serotype abony (MTCC 3858 eq.
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to NCTC-6017), Bordetella bronchiseptica (NCIM
5389 eq. to ATCC-4617), Pseudomonas aeruginosa
(MTCC 1688 eq. to ATCC-9027) and Gram-positive
bacteria are Bacillus subtilis (MTCC 441 eq. to
ATCC-6633), Staphylococcus aureus (MTCC 737
eq. to ATCC-6538P), Staphylococcus aureus (MTCC
96 eq. to ATCC-9144), Staphylococcus epidermidis
(MTCC 3615 eq. to ATCC-12228), Kocuria rhizophila
(MTCC 1541 eq. to ATCC-9341).

Microbiological media

The purpose of the media is to promote the quick
development of the tested organism being used
in the bioassay. Media used for bioassay were
procured from Mumbeai. Base layer and seed layer
was prepared using an Antibiotic Assay Medium
No. B. The composition of the media contained
6.0 gL' peptone, 3.0 gL' yeast extract, 1.5 gL' HM
peptone B and 15.0 gL' agar powder; final pH
was adjusted at 6.55 £ 0.05. For bacterial growth,
fresh slants of tryptone soya agar were used.
Distilled water was used for media preparation and
sterilized in an autoclave at 121°C and 15 psi for 15
min. The final pH was adjusted in accordance with
the instructions on the media container.

Solution of reference substance

A sufficient quantity of reference substance of
ceftiofur sodium was accurately weighed and
dissolved in 25 mL sterile distilled water to obtain
1000 pgmL?. The stock solution was kept in a
refrigerator. On the day of the experiment, different
dilutions viz. 10, 5.0, 4.0, 2.0 and 1.0 pgmL™ were
prepared in sterile distilled water from the stock
solution. The concentrations of reference solution
4.0 pgmL™ and 1.0 pgmL™, both with a 4:1 dilution
ratio were chosen as reference standard high (Sy)
and reference standard low (S,), respectively.

Sample solution

To make a 1000 pgmL" stock solution of sample,
250 mg of XCEFT powder for injection sample
was diluted in 250 mL of sterile distilled water.
Aliquots of this stock test solution were diluted in
ratio of 4:1 in distilled water to get the sample high
concentrations (T = 4.0 pgmL?) and the sample
low concentration (T,= 1.0 ugmL™'), which were
used in bioassay.

Standardization of inocula preparation

Glycerol stocks of bacterial cultures were revived
and cultured on the slants of Tryptone soya agar
to maintain the growth of bacteria. Tryptone soya
agar slants were incubated for 24-48 h at 37 °C. After

incubation, washed outwith3mL sterilesaline (0.9%)
to harvest the growth of organism from the surface
of agar slants and diluted appropriate amount of
harvest suspension to determine the target value
which gave approximately 25% transmission at
530 nm using UV spectrophotometer. This diluted
inoculum was stored under refrigeration and used
for further experiments of microbiological assay.

Bioassay method using agar diffusion

The cup plate method for two-level factorial
microbiological assay was carried out in
quadruplicate. The cup plate method relies on
antibiotic diffusion through a solidified agar layer
in a Petri plate through a vertical cup or cavities. The
growth of the specific microorganism inoculated
in the agar is prevented in a circular area around
the cup or cavities containing the solution of the
antibiotic.” In a 100 mm x 20 mm Petri dish, pour
21 mL un-inoculated base layer of assay medium
and allow it to harden in to a smooth base layer
of uniform depth. After solidification, determined
target value of suspension of microorganisms
was added to seed layer agar medium to prepare
double-layer plates of assay by pouring 4 mL to
spread the inoculums uniformly over a solidified
base layer surface and allow to solidified." These
plates were left to solidify for at least 30 min. Four
circular holes were bored having a diameter of 8
mm in to the solidified agar plate with the help of
sterile borer. These holes were marked as low and
high concentration with respect to reference and
sample solutions. Through micropipette, these
labelled holes were filled with 100 pL reference
substance and sample solutions of low and high
concentration respectively. To minimize the impact
of time differences between the applications of the
different solutions, agar petri plates loaded with
solutions were left at room temperature for 1-4
h. Then agar petri plates were incubated for 18-
24 h at 37 °C in BOD incubator. After completion
of the incubation period, diameters (mm) of zone
of inhibition were accurately measured through
antibiotic zone reader and calculate the results
accordingly (Fig. 2). All of the experiments were
carried out in a Biosafety Cabinet.

The percentage potency of the XCEFT injection
was calculated using the Indian Pharmacopoeia's
model equation.

Percentage potency = Antilog (2.0 + a log I)
In which, a = (Ty+T)) - (S4*Sy)
(TiTo) + (S-St)

Ty and T are the sum of the zone diameters with
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Fig. 2: Two level agar diffusion assay method using a test
microorganism Bacillus subtilis ATCC-6633 (MTCC 441) at
concentration of Reference solution SH = 4 pgmL?, S5, =1
ugmL? and Sample solution S;; = 4 ugmL?, S; = pgmL™).

high and low level sample solutions, S;; and S, are
the sum of the zone diameters with high and low
level reference standard solutions, and I = dilution
ratio.

Results

Selection of most suitable microorganism

Most suitable microorganism was selected on the
basis of sharp & clear edges and large measurable
zone diameter under antibiotic behaviour.
Microbiological assay of ceftiofur sodium was

performed on 09 strains of bacteria for their
response and susceptibility.

Result shows that microbial strains B.
bronchiseptica (NCIM-5389), P. aeruginosa (MTCC-
1688), S. aureus (MTCC-737), S. epidermidis (MTCC-
3615) S. enterica serotype abony (MTCC-3858) growth
were not inhibited by ceftiofur sodium and do not
show any inhibitory effect. S. aureus (MTCC-96)
and E. coli (MTCC-1687) were susceptible against
ceftiofur sodium and shows intermediate zone of
inhibition. However, K. rhizophila (MTCC-1541)
showed large and light zone where as B. subtilis
(MTCC-441) exhibit a highest and considerable
inhibition zones against ceftiofur sodium (Table I).
Therefore, B. subtilis (MTCC-441) was selected as
the most appropriate organism and used for further
bioassay study.
Determination of inoculum
concentration

optimal

In the current study, a test was conducted
to determine how to choose the inoculum
concentration. On the basis of sharp and clear zones,
optimal inoculum concentration was selected.
Low inoculum concentration implies poor growth
and an unusually large zone diameter, whereas
excessive inoculum concentration indicates an
overlapping growth pattern and a lower zone
diameter. Optimal inoculum concentration should
lie between these two limits.

Five different inoculums concentrations, i.e.,
0.5%,1.0%, 1.5%, 2.0% and 3.0% were used in this
study to test their influence on area of inhibition
zones, which was previously optimised at 25%
transmittance (Table II). For the microbial bioassay,
the optimal inoculum concentration of B. subtilis
(MTCC-441) was selected as 2.0%.

Table I: Selection of most suitable microbes for microbiological assay of ceftiofur sodium.

Zones of inhibition (mm) of

Name of microbes growth at 4 pgmL Interpretation
Staphylococcus aureus (MTCC-96) 10.1 Intermediate zone
Escherichia coli (MTCC-1687) 13.2 Intermediate zone
Kocuria rhizophila (MTCC-1541) 241 Large and light zone
Bacillus subtilis (MTCC-441) 19.1 Sharp and Clear zone

Staphylococcus epidermidis (MTCC-3615)
Bordetella bronchiseptica (NCIM-5389)
Pseudomonas aeruginosa (MTCC-1688)
Salmonellae enterica serotype abony (MTCC-3858)
Staphylococcus aureus (MTCC-737)

- No inhibition zone
- No inhibition zone
- No inhibition zone
- No inhibition zone

- No inhibition zone
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Table 2: Action of different inoculum concentration on the area of growth inhibition zones.

Inoculum concentration (%) Anti(zigcyrﬁi_gonc. Area szir I?::t(hmi ::)Iibiﬁon Interpretation
0.5 4 22.5 Light and overlapped zone
1.0 4 21.2 Light zone
1.5 4 20.1 Zone without Sharp edge
2.0 4 19.5 Very clear and sharp edge zone
3.0 4 18.1 Sharp Zone
Determination of optimal antibiotic =~ shows the effect of various concentrations of the
concentration ceftiofur reference substance on zone inhibition.

The concentration of antibiotic is a critical factor
that prevents the growth of microbes. On the basis
of clear, sharp edge and measurable zone size, the
concentration of reference solution was estimated.
From the 1000 pgmL™ standard stock solution of
ceftiofur, different concentration of 10, 5.0, 4.0, 2.0
and 1.0 pgmL" were made. It was determined that a
concentration of 4 ugmL" of reference solution gave
a clear, sharp edge and measurable zone. Table III

Estimation of percentage potency calculation

For all experiments, triplicate plates were used. The
area of the circular inhibition zones of reference
and sample solutions at high and low concentration
levels was measured using an antibiotic zone
reader. The Pharmacopoeia's standard model
equation estimated the mean percentage potency
for XCEFT powder for injection as 101.79%.

20 1

15

Diameter of mhibition zone (nu)

y=23x+11.38
R*=0.9916

0 T 3
o 03 0.6

Loz Conc. of Antibiotic pg/mL

T T il

0.62 1

Fig. 3: Bioassay derived calibration curve for ceftiofur sodium reference substance

Table 3: Effect of ceftiofur reference substance concentrations on inhibition zone.

Reference substance concentration (ugmL-)

Area of growth inhibition zones (mm)

10

5
4
2
1

22.8
20.3
18.8
16.1
13.4
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Table 4: Repeatability evaluation for XCEFT powder for injection by bioassay.

Stated amount Experimental amount 0% potenc Mean RSD
(mg/vial) (mg/vial) P Y % potency (%)
251.15 100.46
254.88 101.95
252.15 100.86
250 mg 101.79 1.07
258.60 103.44
255.88 102.35
25413 101.65
Method validation substance concentrations of the calibration curve

Prior to validation, all microbiological assay
parameters were optimised in order to properly
evaluate the performance of the proposed
microbiological assay method. The microbiological
assay method was validated using the International
Conference on Harmonization's criteria for
linearity, precision, accuracy, and robustness.'”'®

Linearity

The linearity of the bioassay was measured using
concentrations of 1.0, 2.0, 4.0, 5.0 and 10 pgmlL-1
of ceftiofur sodium reference substance solution.
The data were subjected to least squares regression
analysis after plotting a calibration curve for
log10 of ceftiofur concentrations (ugmL™') vs area
of growth inhibitory zone (mm) was plotted. In
regression analysis, determined linear equation
was Y = 2.3 x + 11.38 and regression coefficient was
(r*=0.9916) (Fig. 3).

Range

Range was measured by the selected reference

and confirmed by linearity, precision, and accuracy
of the method.

Precision

The relative standard deviation (RSD) for
different precision parameters i.e. repeatability
and intermediate precision were calculated. The
repeatability of XCEFT powder for injection was
determined in six replicates on the same day by the
same analyst (Table IV). The intermediate precision
was calculated by repeating the analysis on two
distinct days (inter day) and between different
analysts (inter analyst) (Table V).

Accuracy

Accuracy was measured at 80%, 100%, and 120%
of the nominal analytical concentration for the
microbiological assay method. The calculated
mean accuracy was 101.08%, with an RSD of
0.28% indicating that the approach can accurately
determine ceftiofur sodium concentrations in the
80-120% range (Table VI).

Robustness

Table 5: Intermediate precision evaluation for XCEFT powder for injection by bioassay.

Precision Experimental Mean % RSD
% potency potency (%)
Inter-day Precision
98.81
Day 1
99.59
99.57 0.81
100.69
Day 2
99.20
Inter-analyst Precision
101.06
Analyst 1
100.44
101.05 0.43
101.39
Analyst 2
101.32
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Table 6: Accuracy for XCEFT powder for injection by bioassay

Hypothetical % potency Experimental % potency 1;/{;2?1:;': Accuracy (%) RSD (%)

81.75

80 81.26 81.10
80.28
100.69

100 102.07 101.05 101.08 0.28
100.39
120.78

120 120.36 120.97
121.76

It was determined after examining the same
material under various settings. The buffer used
for standard dilution, inoculum concentration
and various microbial strains were all taken into
account. To investigate the resilience, some test
settings were altered, including the solvent used
for the standard and sample dilution (phosphate
buffer pH 7.0), inoculum concentration (3.0%),
and incubation temperature (30°C). When the
experimental settings were changed to the required
specifications, no significant variations in potencies
were observed, as shown in Table VII.

Discussion

The development and validation of analytical
method for the potency estimation has received
considerable attention from regulatory bodies
because of their importance in pharmaceutical
analysis. The selection of an appropriate analytical
approach is critical for effective drug control and is
influenced by a variety of parameters such as the
source of the drug, its complexity, sample quantity,
qualitative or quantitative purpose of the method,
and the availability of equipment and literature.

In various pharmacopoeias and literatures,

Table 7: Factors studied in the robustness.

HPLC methods and other chemical techniques have
been developed and used for potency estimation
of ceftiofur sodium in pharmaceutical products.
In this case a bioassay method was proposed as
a suitable method for estimation of potency of
ceftiofur in powder for injection. Antibiotic potency
can be determined by comparing the inhibition of
growth of a susceptible microbe induced by known
quantities of the antibiotic under investigation and
their related reference substances. For assessing the
ceftiofur sodium content in dry powder injectable
pharmaceutical dosage forms, a two-level (2x2)
factorial microbiological assay was proposed?.

In the literature studies, there is an established
microbiological assay technique by three level
(3%3) cylindrical plate method for evaluating
ceftiofur sodium activity against Micrococcus luteus
ATCC 102408 Souza et al. 2007, confirmed the
antibacterial activity of ceftiofur sodium against
Micrococcus luteus ATCC 10240 on Grove-Randall’s
culture medium (Diffco).® In proposed study,
microbiological assay of ceftiofur sodium was
performed on 09 bacterial strains for their reaction
and susceptibility. Few of them show positive
response i.e. susceptibility against ceftiofur sodium
but due to its ability to form sharp edge zone of

Factors Parameters

Mean % potency RSD (%)

Solvent Phosphate buffer pH 7.0

Inoculum concentration 3.0%

Incubation temperature 30°C

101.62

100.42 0.60
101.20

101.39

100.79 0.50
100.39

100.69

99.17 0.78
99.61
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inhibition on Antibiotic assay medium B, B. subtilis
MTCC-441 was chosen as the most appropriate test
organism.

On the basis of clear and sharp edge zone of
inhibition, concentration of inoculum should
be validated for quantification of an antibiotic
throughout a microbial bioassay." Experiments
were carried out to determine the importance of
inoculum concentration while all other conditions
remains constant, as it is well known that inoculum
concentration affects the size of the resulting
zone.""” Petri plate containing media with high
concentration of test organism produce cloudy
growth and no antimicrobial action of antibiotic
while low inoculum concentration of test organism
produce a light or immeasurable zone. Therefore it
is necessary to optimize inoculum concentration for
microbiological assay. The inoculum concentration
of M. luteus ATCC 10240 was chosen as 1.0% for
the development of ceftiofur sodium bio assay.® In
proposed study different inoculums concentrations
of B. subtilis MTCC-441 ie. 0.5%, 1.0%, 1.5%,
2.0%, and 3.0% were tested and selected optimize
inoculum concentration was 2.0% for microbial
bioassay.

For this experiment, the area of growth
inhibition zones was measured using a selected
range of concentrations of the reference substance
ceftiofur sodium. The chosen concentration was
determined by the microbes susceptibility to low
concentrations, the size of inhibitory zones at
high concentrations, and the linear relationship
between the logarithm of concentration and the
mean area of the inhibition zone, which was limited
by the size of the petri dish. Other authors used a
concentration of ceftiofur sodium of 2-8 pgmL?
for method development. In our study, different
concentrations i.e., 1.0, 2.0, 4.0, 5.0 and 10 ugmL"* of
reference substance of ceftiofur sodium were tested
against selected test microorganism and the high
and low concentration of ceftiofur sodium reference
substance were chosen as 1.0 pgmL-1 and 4.0 pgmL-
! for potency estimation. A good linearity was
established in the range of specified concentrations
of ceftiofur sodium reference substance by plotting
the logarithm of antibiotic concentration (pgmL-1)
vs mean diameter of inhibition zone (in mm) (Fig.
3). The representative linear equation for ceftiofur
sodium was Y = 2.3 x + 11.38 and the regression
coefficient (r?=0.9916) obtained was very significant
for this approach.

Relative Standard Deviation was used to express
precision. The repeatability of the sample was

determined by analysing it several times on the
same day; the mean ceftiofur sodium content in
XCEFT powder for injection was 101.79%, with an
RSD value of 1.07%. The mean ceftiofur sodium
content for interday precision assay was 99.57%
with an RSD of 0.81% and the mean content
between analysts was 101.05% with an RSD of
0.43%. Accuracy was measured at 80%, 100%, and
120% of the nominal analytical concentration for
the microbiological assay method with an RSD
of 0.28% and the calculated mean accuracy was
101.08%.

The performed validation and result obtained
in this study were satisfactory and proven that
bioassay is a good option for pharmaceutical
analysis of ceftiofur sodium in powder for injection.
It is a useful analytical tool when used in addition
to or instead of the physicochemical approach.

Conclusion

For ascertaining the quality of pharmaceutical
products, it is mandatory to utilize validated and
authenticated analytical methods. HPLC methods
for estimating the potency of ceftiofur sodium have
been developed in the various pharmacopoeias.
However, there is a genuine microbiological
method for estimating ceftiofur sodium potency
that has not been described in any pharmacopoeias.
According to literature survey, microbiological
assay method have been developed for ceftiofur
sodium against test organisms M. luteus ATCC
10240. The purpose of the proposed experimental
investigation was to design and validate a bioassay
method for estimating ceftiofur sodium potency.
The choice and optimization of the microbial
assay was performed through the use of various
conditions and B. subtilis MTCC-441 was found to
be the most susceptible organism against ceftiofur.
Several parameters including buffer pH, inoculum
concentration and standard solution concentration
were studied using the test organism B. subtilis
MTCC-441 against ceftiofur sodium. The potency
of ceftiofur sodium in XCEFT powder for injection
sample was estimated as 101.79% through bioassay.
The results demonstrated that the proposed
microbiological assay method for estimating the
potency of ceftiofur sodium in pharmaceutical
products is accurate, with the obtained results
confirming its good accuracy, robustness, precision
and significant linearity of response. Therefore, the
proposed bioassay method can be useful for the
quality control of ceftiofur sodium in the studied
formulation.
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Abstract

Honey is a valuable food entity that gains a lot of attention due to its potential benefits for health and its uses
to sweeten foods. It contains about 60% invert sugar and appreciable amounts of maltose and sucrose. In this
study, the Physico-chemical characteristics of pure and adulterated honey samples were investigated. The grade
and limitation of adulteration of the honey samples also were checked. The moisture, ash and pH were carried
out. The Fourier Transform Infrared Spectroscopy (FTIR) of different samples were analyzed. The result of FTIR

spectroscopy provides reliable results.

Keywords: Honey, Moisture, Total ash, pH.

Introduction

Honey is a natural sweet substance obtained from
honeycombs. It is a unique sweetening substance
that can be used by humans without processing.’
Honey is used in health described in traditional
medicine and as an alternative treatment for
clinical conditions and is also used in brewing
honey wine.> The major component of honey is
fructose and glucose with a lesser amount of water.
The composition of honey varies with the floral
and honeydew sources utilized by honey bees as
well as climate conditions.® The chief sources of
microorganisms in honey are the nectar of flowers
and the honeybee yeasts have been shown to come
from the nectar and from the intestinal content of
the bee, bacteria also come from the later source.
Honey has been found to contain lysozyme, an

© Red Flower Publication Pvt. Ltd.

enzyme with a bacteriostatic as well as a lytic
effect on most gram-positive bacteria. The use of
antibiotics, such as neomycin* and streptomycin’
is widespread in beekeeping, and these antibiotics
have been found in the honey obtained from
treated larvae and bees. The gluconobacter and
lactobacillus are the two main groups of bacteria
present during the maturation of nectar to honey.®
Honey is extracted from the comb, strained,
and marked. Honey contains larger quantities
of fructose” (about 38%) than glucose (31%) and
Sucrose® constitutes about 2% of the total sugar’
content. Honey has the capacity to retain water,
and hence, cakes, candies, etc., made with honey
remain moist for a longer period than those made
with other sweetening agents'’ determined by the
Physico-chemical parameter i.e., refractive index,
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specific gravity, water-insoluble solids, and total
soluble solid, etc. The physical properties such as
conductance, surface tension, and pH determine
by using digital instruments." Honey is essentially
a concentrated aqueous solution of invert sugars,
but it also contains a very complex mixture of
other saccharides, proteins, enzymes, amino acids,
organic acids, polyphenols, and carotenoid-like
substances, vitamins, and minerals.”> Dietary
frauds in particular adulteration are practices in
constant progress.”® If any coloring matter other
than prescribed in respect of the amounts is not
within the prescribed limits of variability present
in substances.™™ The colored inverted sugar
syrups are used to adulterate honey.'*”? One of
the methods that provide information on the total
chemical composition of any sample is infrared
spectroscopy.’® So, the aim of this study was to
confirm the pure and adulterated honey samples to
be collected from the local market of Kanpur Nagar
by physicochemical and IR spectroscopy methods.

Materials and Methods

Sample Collection

Three samples of honeys produced in Kanpur Nagar
were collected from beekeepers. The samples were

stored in refrigerator in airtight plastic containers
until analysis.

Physico-Chemical Analysis
Determination of moisture content

The sample material was taken in a flat bottom
dish and kept for 12 hours in an oven at 100 -110 °C
and weighed. The loss in weight was a measure of
moisture content.

Moisture content = M;- M, / M;-M,
Where

M, - Weight of the dish

M, - Weight of the fresh sample +dish
M, - Weight of the dried sample +dish

Determination of ash content

Ashes were obtained in a muffle furnace at 550 °C
for 5-6 hours to obtain constant weight.

The percentage of Ash was calculated:

Ash (%) = (Weight of crucible + Ash) - (Weight
of empty crucible) X 100 / sample weight
Determination of pH
The pH of honey is determined by using a digital

Moisture %
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25

20

15

10
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Fig. 1: Moisture in various honey samples
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Ash %
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Fig. 2: Ash content in various honey samples

pH meter. The pH meter was calibrated with buffers ~ the sample and recorded the pH.
at pH 4,7 and 10. The sample was taken in a beaker
dissolved in distilled water by using a Magnetic = Determination of Adulteration
stirrer. Electrode inserted in the beaker containing

pH

PURE A B C

Fig. 3: Data of the pH in various honey samples
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Fig 4: Adulteration in Honey samples

FTIR Spectra

IR spectra of honey samples were recorded using
the Fourier transform infrared spectrometer (FTIR
Spectrometer). The spectral range from 1200 to 700
cm-1 (Maximum absorbance established at 1026
cm-1) was subjected to further statistical analysis
since the adulteration in honey has been identified
in this particular spectral region.

Results and Discussion

The moisture content of honey samples had a
value of 15%, 20.11%, and 16.42%. The moisture
levels are one of the most crucial parameters of
honey which affects the optical density, refractive
index, surface tension, and viscosity. Honey is an
excellent hygroscopic product and tends to absorb
atmospheric moisture and thus readily increase its
moisture levels. In BIS the maximum content of
moisture is 25%.

The Ash content in Fig 2, sample A has a high
amount of Ash value, Sample B has a little high

Table 1: Infrared Band Assignments for pure honey and compare with other honey samples collected from local market of

Kanpur Nagar
Pure Honey Sample A Sample B Sample C
Functional Group Frequency Frequency Frequency Frequency
(cm-1) (cm-1) (cm-1) (cm-1)
O-H (H-bonded) 3276.79 3521.42 3518.92 3521.81
C-H stretching 2948.35 2929.28 2929.16 2928.32
O-H (Water) bonding 1638.19 - - -
-CH2 bending (Strong) 1426.05 1419.86 1426.12 1421.02
-CH2 bending (Medium) 1362.05 1346.20 1362.68 1361.66
C-C, O, -CH2, C-OH bending 125415 1255.66 1259.19 1260.14
C-O Stretching 1032.05 1034.24 1057.47 1057.64
Extra peak - 3095.92 3099.01 -
Extra peak - 2343.51 - 2343.72
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but Sample C has a low according to the Bureau of
Indian standard (BIS). Bureau of Indian standard
(BIS) maximum percentage of ash is reported as
0.5%.

Data of pH of samples shown in Fig. 3. pH
content of honey varied a 3.9, 3.4, and 3.8. Bureau
of Indian standard (BIS) reported pH in the range
of 3.05 - 4.50. According to data pH range is not
more than the reported value.

FTIR Spectrum Analysis

In this study, FTIR was used to compare honey
samples based on their spectral difference in the
range 4000- 650 m-1."" The spectrum of honey
samples is shown in Fig. 5, 6, and 7. Table-1
represents the bond assignment along with the
corresponding vibration and compares it with pure
honey.

The O-H stretching vibration band in carboxylic
acids is very broad and occurs in the field of 3300-
2500 cm-1."2 The pure honey samples obtained the
O-H peak at 3276.79 cm-1 but adulterated honey
samples 1, 2 and 3 show a peak at 3521.42, 3518.92,
and 3521.81, respectively. Fig. 5,6,7 and Table:1
show a band at 2929 cm-1 was observed which
according to Anions et.al.”® also corresponds to C-H
stretching of carboxylic acids and NH3 stretching
band of free amino acids. However, the band under

67

1440-1395 cm-1 cannot be distinguished from
C-H bending bends which also occur in the same
frequency region. The O-H water bonding peak is
approx. 1638 cm-1 did not appear in samplel, 2,
and 3. The vibration with the maximum bandwidth
of about 1255 cm-1 1259 cm-1 and 1260 cm-1 are
characteristicand bending vibrations of C-C, C-CH2,
and C-OH grouping. The band range from 1250 to
1140 cm-1 is in turn vibration characteristic for the
stretching vibration of the C-H in carbohydrates or
stretching vibration of CO in carbohydrates. The
vibration with the maximum at approximately 1100
and 1080 cm-1 constitutes a band that can originate
in the vibration of C-O stretching but samples A, B,
and C showed these peaks at 1034 cm-1, 1057 cm-
1, and 1057 cm-1. Some extra peaks i.e., 3095 cm-1
and 3099 cm-1 showed in samples A and B but not
shown in sample C. Similarly, the peak 2343 cm-1
appeared in samples A and C but not appeared
in samples B. The extra peaks which showed in
Table-1 were due to adulteration.

Conclusion

Honey is a low-cost natural product that can be
used for different purposes. Now, commercially
honey is used in various industries for product
formation and this trend is increasing day by day
as industrialists are finding honey to be a cheap
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Fig. 5: FTIR Spectra of sample A. Source: https:/ /www.bruker.com/en.html
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source of sweetening agent without any side
effects as in the case of synthetic sweeteners. Due
to variation in botanical origin honey differs in
appearance, sensory perception, and composition.
According to obtained data from studied literature,

it is to some extent obvious that nearly the majority
of physiochemical properties of honey depend on
floral sources. The honey samples collected from
Kanpur Nagar were not found to have good quality
physicochemical characteristics and adulterants
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also found in some samples also might have been 8.

due to unhygienic handling during processing

and storage. The results of this study showed that

IR spectroscopy provides equally reliable results, 9.

but also represents a rapid and cheap analytical

tool in comparison to commonly used standard

analytical methods. Therefore, it is expected that IR

spectroscopy will contribute to the authentication

and quality control of honey samples. 10.
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Abstract

Arson investigation is hands down the most tedious and the robust form of investigation to go with. It is by far
the multifarious and endearing type of investigation as investigating at the arson scene demands high endeavour
in order to withstand from all the challenges that stood up at the scene of crime. Stringent norms have been framed
by the government that defines it under section 435, 436 and 438 of IPC. In such cases, the chain of custody plays
a dynamic and a crucial role as from the procurement of the most fragile samples to transporting it in the most
desired form to follow the best sample preparation method before subjecting to GC analysis in order to avail the
quality result. Keeping in mind the susceptibility of fire evidences American Society for Testingand Materials
International has established standard guidelines for subjecting sample before GC-MS introducing solid phase
micro-extraction technique linking to various GC detectors. New minds and innovation has bumped into better
and more approachable forms of GC by making hybrids of it such as E-nose i.e. headspace-mass spectrometry,
a strategic mass spectrometry based instrument with both qualitative and quantitative applications surpassing
the bygone separation process. Revolution in the arson and analytical world is making way for non destructible
techniques to serve as a better alternative to any of the GC detectors.

Keywords: Arson, Indian Penal Code, Gas Chromatography -Mass Spectrometry, Headspace-Mass Spectrometry,

Electronic nose.

Introduction
With the emergence of forensic science,
advancements or entailment of scientific

applications in the field is the need of the hour as
the scientific examination allows a forensic scientist
to put forth the opinions over the evidences
admissible in the court with full certainty. Over
the years, due to the diversification in respect of
crime and the ways of doing it has made a forensic
expert to question the existence of even those
exhibits that were once neglected but now serve as
a corroborative one that helps in carve out a way

© Red Flower Publication Pvt. Ltd.

to further proceedings.! There was a time when
ignition of fire was considered natural or accidental,
but with the time many theories have come up that
doubts fire being natural, accidental or malicious
i.e. Arson.? Deliberate fire cases were novelly
grouped under violent offences but were later
classed under crimes against property and public
safety. New transitions and amendments with the
time have now referred arson as miscellaneous IPC
crime. In India, these arson cases get registered
under the Section 435, 436 and 438 of Indian Penal
Code (IPC).? Although many factors are responsible
for enhancing the destruction caused by arson but
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the essential and the most widely used ingredient
that counts as the major cause and also serves as
the major step in fire investigation is the use of
accelerant.*” Accelerants are basically the chemical
substances knowing to initiate as well as spread the
fire to a wide stretch. It can be available in all the
three states i.e. either in the form of solid, liquid or
gaseous.® Amongst the three available states, liquid
accelerants especially the petroleum products like
petrol, kerosene and diesel are widely abused.
Other inflammable solvent accelerants that came
into light are alcohol, ether, thinner and industrial
solvents.” Identification and determination of the
type of accelerant involved in arson is the key
step that helps in establishing the origin as well
as cause of fire. Arson investigation has always
come up as a challenging one to deal with as more
of the evidence usually gets destroyed due to the
combustion and thermal degradation, with lot of
interferences with the petroleum products that gets
sum up due to abiotic factors and also sometimes
many other similar accelerants in fire debris creates
hurdles at the time of examination and in result of
which the only existence of accelerants in fire debris
cannot be considered as a definitive indicator for an
arson suspected.

This review has listed the uncompensated
methods showing the way to proceed in the arson
inquest describing sample preparation as the key
and utmost step to consider and thoroughly go
with before proceeding with any analysis along
with the advancements in the most indispensible
tool employed for its analysis ie. GC with its
hybrid version. This review has also focused on the
current needs allowing researchers to shift from
destructive type of analysis to indestructive type of
examination.

Arson

Fire - That can be unintentional i.e. either natural
or accidental, basically a chemical reaction that
came into existence when heat, oxygen, fuel came
up and act simultaneously in an uninhibited
chain reaction.! Whilst, the willful and malicious
setting of fire in one’s own property or of other’s
property because of fraudulent or criminal intent
is universally termed as Arson.® Forensically, its
investigation is considered as the most tedious
and troublesome task to accomplish because
of the destructive nature it possess. It not only
damages the evidences and exhibits but this has
the potential to destroy the scene of crime as well
and left the investigator with empty handed, as
some gets destroyed during burning process and
rest in the extinguishing process.’ Also many arson

cases have shown a set range and a set pattern
of ignition indicating towards the serial arsonist
referred as pyromaniacs with major psychological
issues.!? In the American Psychiatric Association’s
DSMS5 classification system this condition has been
considered as a part of diagnosis as many case
reports haverevealed the fact thata true pyromaniac
usually hold one thing in common in all of his
criminal acts and their possible way of conviction is
to identify that very possible existing evidence that
they leave behind." Not just pyromaniac, but they
have been accompanied by people who suffer from
serious schizophrenia.!’ Bradish in 1999 in one of
his studies putforth the statistical data of FBI crime
index that showed higher percentage of children
and adolescents were held responsible for the cases
of arson."

Chemistry of Fire

According to Dawson Powell, six basic elements
are responsible for ignition, input heat, fuel,
oxygen, proportioning, mixing, ignition continuity.
Fire has been categorized under different classes’-
* Class ‘A’ Fire- Involves setting up of fire in
solid materials as in woods, paper or textiles.
The commonly used fire extinguisher for this
class are said to be AFF Foam, water, wet
chemicals as well as dry powder.

* Class ‘B’ Fire- Involves flammable liquids
such as petrol, diesel or lubricating oils. The
preferred extinguishers are AFF Foam as well
as carbon dioxide.

e Class ‘C’ Fire- Involves gases with the
preferred extinguisher be dry powder.

* Class ‘D’ Fire- Involves metals with the
preferred extinguisher be L2 and M28
powder.

* Class ‘E’ Fire- Involves live electrical
apparatus with the preferred extinguisher is
carbon dioxide and dry powder.

7

% Class ‘F’ Fire- Involves cooking oils such as in
deep fat fryers with the preferred extinguisher
be wet chemicals.

Sequential events followed by fire - Mostly in
a closed apartment fire follows certain sequential
levels from the beginning to the end.

% Incipient stage or the growth phase - Is the first
and foremost level of fire development that
begins from the moment of ignition with
the flames properly localized and the fire is
regulated not only by the oxygen available
but also be the mass and properties of fuel as
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well.12

% Flash over stage - Incipient stage is followed by
flash over which is a transition stage between
the growth and fully developed stage and
possess collection of gases due to constant
burning that will accumulate all over the
room and sums up to more spread of fire.
Also presence of any state of fuel will lead to
form a specific characteristic “V” pattern at
the fire scene.’?

o,

% Fully developed or post flash over stage - Flash
over stage is followed by fully developed or post
flash over stage that involves intense burning
and also has the potential to get in contact to
every inch of the apartment.

o

% Smoldering or decay - With time when the
supply of oxygen become less as well as fuel
and heat to keep the fire ignited falls is the
stage when fire reaches to its end called as the
stage of smoldering or decay."

Various aspects of fire can be easily turned into
arson and thus it became crucial to know each and
every aspect that the chemistry of fire holds before
actually carrying out the investigation.

Investigation begins with the understanding and
finding of the origin of fire, causes of fire as well as
finding the type of accelerants used to ignite the fire
using an indispensible technique and approach.™

A

G S e ﬁ:l:h;wr

Temperalure

Growlh

Pre-

: huminﬁ

time

‘-’.—

73

Methods

Progressive Patterns of Firsetting

Identifying the patterns formed by the fire is the
first and the original physical evidence that is
encountered and dealt with. These patterns are
formed whennumber of processes such as oxidation,
distortion, melting, charring takes place during and
after the fire ignited and can be visually analyzed as
well as measured.'® After the fire gets extinguished,
clear demarcations appear as formation of broad
lines takes place that indicates the levels of heat
and smoke. Formation of such demarcations are a
result of a number of factors involving the surface,
length of heat exposure, heat source, fire enhancing
materials, fire suppression ways and ventilation as
well. Studies have revealed that amongst smooth
and rough surfaces, the tendency to sustain more
damage rests with rough surface and also increase
and decrease of damage has been attributed by
materials such as paint, bricks, tiles, wallpapers
and any other article. Usually, the spread of fire is
upward in direction thus downward penetration
is the matter of concern and needs to be examined
thoroughly.'® Penetration of fire in the downward
direction is quiet unusual and can be encountered
in cases like burning of furniture involving chairs,
couches and mattresses. Examination of areas
around a hole provides us information regarding

Fully
Developed

Decay Phase

Fig. 1: Depicting Stages of fire.”

Time
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Theoretical

Step 3-

Collection of

Fire Scene

analysis or Case
study

Evidence &
Testimony

Examination

Step 4-

Analysis of type
of burn, flame,
char pattern, fire
debris.

Step 5-

Fig. 2: Flow chart depicting series of Fire/ Arson investigation.”

the direction of burn and its penetration. Around
the hole if the sides are wider from the top along
with inward slope then it indicates that the arrival
of fire is from above whilst if the sides are wider
from the bottom and slope upward towards the
centre of hole shows that the arrival of fire is from
below. The fire debris also adds up in knowing the
direction that fire chooses to travel. Pattern “V”
is the most common pattern encountered at the
fire scene and is also referred as plume generated
patterns.’ It was claimed and believed for a while
that fast burning fire usually forms narrow “V”
pattern whereas a slow burning fire forms wide
“V” pattern. There are other patterns as well-

1. Confinement patterns - When hot gas
layer gets trapped beneath the ceiling and
interacts with the walls give rise to pattern
named as confinement patterns. Presence
of these patterns at the fire scene provides
investigator with a sequential data of smoke
horizon and heat horizon that indicates that
failure of ceiling takes place after the patterns
has been formed. Such patterns are the source

Opinion - whether
fire or arson or no
opinion due to

lack of evidence.

of information that tells about the origin in
multilevel buildings and also sometimes
this is the only type of pattern left at the fire
scene."

2. Movement patterns - In an apartment where
the fire travels from a room to another it
generally documents movement patterns at or
near the doorways. These are the diagonally
formed patterns tracing of which can lead to
its origin."”

3. Irregular patterns - Gets formed on places
particularly floors where fires have gone to
flashover and remain exposed to burning for
some time. Such pattern can lead to the cause
of fire as it indicates the presence of ignitable
liquids at the fire scene."”

Persistent Accelerants At The Arson Scene

The existence of liquid fuels or solvents at the fire
scene is commendably a potential evidence to prove
the fire scene as suspected arson.”® Type of substrate
plays a vital role in the detection and recovery of
the ignitable liquid used, as from porous surface it

Table 1: Depicting comparison between widely used accelerants (7) (19).

Accelerants Petrol Kerosene Diesel
n-alkane hydrocarbon range n-C4 to C12 n-C6to C16 n-C8to C21
Composition Paraffin, isoparaffin, olefins, Saturated aliphatic and Saturated and aromatic
naphthenes and aromatics.  aromatic chain of alkane and hydrocarbons.
cycloalkanes.
Boiling range Low Moderate High
Application As fuel in automotive spark  As fuel for jets and rockets In high speed engines, domestic

ignition engine

and for cooking purposes

burners
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Fig. 3: Depicting difference in petrol, kerosene and diesel using chromatogram peaks.?

has been stated that recovery is way easier instead
of procuring it from semi-porous as well as non-
porous surfaces.

Petrol

The widely found accelerant in most of the arson
cases is petrol with lesser and lighter hydrocarbon
components than other petroleum products. On
ignition, petrol being more volatile in nature has
the tendency to form an explosive air vapor mix
that led to huge destruction.” In order to establish
a link between suspect and an arson crime scene
where petrol has been detected, research have
been carried out to determine whether any unique
fingerprint can be obtained from petrol that
belongs to different sources and analyzed that by
examining more volatile components of it this can
be successfully achieved.?® But with time, this was
considered to be less feasible approach to go with.
As petrol exhibits a quite distinctive pattern as
shown in figure 3 from other respective accelerants,
many attempts were made to distinguish it from
the rest of the accelerants by interpreting the
chromatogram peaks present” In 2003, a more
promising study was carried out by Sandercock
and Pasquier considering 35 random unevaporated
petrol of different grades to focus on the desired

poly aromatic hydrocarbons which were extracted
by much advanced solid phase micro extraction
process and finally analyzed under GC-MS. In
one study carried out by Mach, poly aromatic
hydrocarbon were detected in burned exhibits of
petrol and concluded that certain components are
exceptional and particularly belongs to petrol.”

Kerosene

It is considered to be the second most widely
encountered petroleum product after gasoline. Due
to its lower volatility, it finds difficulty at the time
of ignition but will hold longer burning duration.>”
Like diesel, it holds a larger proportion of lighter
hydrocarbon compounds and because of its high
boiling point it is more likely to leave behind traces
that can be detected after a fire extinguish.” Similar
to petrol, it also shows significant chromatogram
peaks that makes it distinctive from the rest. Its
chromatogram projects eight uniformly spaced
peaks with its characteristic retention time. Despite
of it being used for criminal act, it also has its
legitimate use as it is used for cooking purposes so
encountering it from places cannot directly link it
with a criminal conduct and demands other factors
to be analyzed before concluding.”
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Diesel

After petrol and kerosene, the popular accelerant
encountered is diesel. It is the petroleum product
with heavier hydrocarbon components possess
high boiling point along with low volatility and
thus finds difficulty at the time of ignition i.e.
consumes a long time to ignite.”** Like kerosene, it
also exhibit significant chromatogram pattern as it
shows first eight peaks in same time interval as that
of kerosene but later extends to eight more making
it unique from the commonly used petrol and other
accelerants.?

Hybrid of Gas Chromatography - for efficient
analysis

From past 30 years, for the identification,
characterization and analysis of accelerants from
suspected arson cases the preferred instrument
has been the Gas Chromatography.” With the gas
chromatography the most apt detector employed is
Mass Spectrometry known for its better separation
and identification of specific type of accelerants
from the fire debris.*® For the identification and
classification of ignitable liquid residues the
American Society for Testing and Materials
International (ASTM International) has provided
standard guidelines to consider at the time of
analyzing the residues under GC-MS.” Procured
samples from fire debris cannot be directly
subjected to chromatographic analysis until and
unless it should be in volatile liquid form. Thus,
sample preparation of fire residues is the utmost
step and hence multiple ways have been stated for
it and has been accepted by ASTM.

Passive Headspace Concentration with Activated
Charcoal (ASTM E1412) the standard and most
widely employed isolation method for ignitable
liquid residues from fire debris.® This type of
isolation has been adopted by U.S. majorly whilst
isolating using solid phase micro extraction using
Tenax as sorbent has been known in European
countries. ASTM E1412, despite being the most
sensitive, non-destructive and easier method to
process with it holds a limitation of working only
with the availability of solvent to extract volatile
compounds from the activated charcoal strips
followed by the injection of the solvent into the
GC system.®® Apart from the adsorbent employed
earlier, St. Pierre et al in his recent study shown the
use of zeolites as the most reliable adsorbent for
the extraction of oxygenated ignitable liquids from
fire debris samples as it demands only 4 hours of
heating at 120 degree celsius which is quite rapid

than the ASTM E1412.* Similar to ASTM E1412 it
also requires a solvent (MeOH) only for oxygenated
ignitable liquids.

Solid Phase Micro-Extraction (SPME) has been
considered as the best alternative to the activated
charcoal strip method as it is more reliable, rapid
in nature, more sensitive and above all does not
require any of the solvent for extraction.®*! American
Society for Testing and Materials International has
endorsed SPME as the screening test for fire residue
analysis. SPME despite of the alternative developed
stated unfavorable because of the low robustness
of the fibers, known to be useful for shorter period
and also difficult to automate when the extraction
time is minimal.**

Nevertheless, of the preconcentration
method described above, the major analysis
of the accelerants involved remains associated
with the most indispensible and versatile gas
chromatography that provides visual pattern
recognition of the total ion chromatogram (TIC),
extracted ion chromatograms (EIC), and target
compound analysis.® Inspite of the fact that the
following stated method works well, it is laborious
and also interpretation of results are totally
dependent on analyst knowledge and experience as
it does not holds any automation. So, this drawback
seeks the employment of chemometric tools in
order to help the analyst to identify and classify
accelerants easily in a shorter span. With respect
to chemometric tools, such as hierarchical cluster
analysis (HCA), linear discriminant analysis (LDA)
or soft independent modeling of class analogy
(SIMCA) the combination with total ion spectrum
(TIS) enables set procedures to differentiate and
classify the fire debris sample and prepared an
automated database search tool for fire analyst.>*

Hs-Ms As E-Nose

Studies have incorporated many forms of GC-MS
making it varied number of hybrids by associating
it with multiple techniques in order to acquire
better efficiency and surpassing the limitations
that the previously established instruments holds.
Recently, researchers have brought headspace-
mass spectrometry (HS-MS) also known as E-nose
into existence.®* In the E-nose based MS detection
system, the pattern obtained is basically the
summed ion spectrum quite similar to that obtained
from TIS but with quick response as it does not
demands chromatographic separation. Also, the
E-Nose technique was optimized for the analysis of
fire debris samples not even including any kind of
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adsorbent to isolate the ILRs and using as the pre-
concentration method where the gas syringe takes
the headspace from the vial and directly injecting
into the mass spectrometer without any prior
chromatographic separation.*

Gonzalez et al. were the first to proposed direct
analysis of ILRs without performing extraction and
adsorption processes.® For his study, six different
samples i.e. pine wood, cork, paper, newspaper,
cardboard, and cotton sheet were initially burned
without any ignitable liquid and later with the
commonly available petrol, kerosene, diesel,
citronella, paraffin, and ethanol. For the analysis
of sample, E-Nose system composed of an HS 100
static headspace auto sampler along with Kronos
quadrupole mass spectrometer (MS) was used
performing different sets of burning experiments
with each liquid and the burned pine wood sticks
from the different sets but same ignitable liquid
were used with the objective of ensuring that all of
the burned samples contained the same ILRs.®

Results

The study carried out by Gonzalez et al. showed
E-Nose as the preferred alternative because it
does not require any solvent unlike the ASTM
E1412 and turned to be safer for the users, eco-
friendly and cheaper as well as it does not
even require any absorbent.® Its sensitivity and
selectivity is also higher as it provides different
and specific fingerprints that would be beneficial
for the discrimination of different Ignitable Liquid
Residues.®

Future Perspectives

Recent studies have made arson analyst to form
a different perspective for the arson inquest by
evolving from the conventional, destructive gas
chromatography and shifting to the non-destructive
and better alternatives techniques for fire debris
analysis.* To deal with every limitation a fire
debris analysis holds, the spectroscopic techniques
has came into light keeping in mind the nature of
the burnt sample.

Infra-red spectroscopic techniques

It is based on the absorption of radiations by the
molecules of a substance. The absorption takes
place when the frequency of the radiations equals
the energy difference between the two vibrational
energy states of that molecule. As the frequency
that get absorbed is specific for different vibrational
energy states will thus helps to elucidate the

77

structure of the molecule.®

Raman spectroscopic techniques

It is based on the scattering of the radiation.
Around the nucleus an electron cloud exists that
gets polarized by the radiation of single frequency
that in turn creates an unstable excited virtual state
that immediately radiates photons. Due to nuclear
motion energy transfer takes place because of which
the photons consist of more or less energy than the
incident radiation. This difference of energy in the
scattered radiations is known as Raman scattering.*

Discussion

Due to the destructive and less availability of
the desired sample from the arson scene has
made ASTM to stretch its limits and reframe the
standard protocol by making sample preparation
an important asset of investigation. Amongst
activated charcoal strip method and solid phase
micro-extraction, SPME has been preferred and
used with varied GC- detectors.

Almirall, et al, (1996) performed the recovery of
accelerants in aqueous samples from fire debris
using solid phase micro extraction with GC-FID
and inferred that high sensitivity of solid phase
micro extraction(SPME) in comparison to solvent
extraction procedure for light petroleum distillate
and petrol while solvent extraction of diesel did not
produce identifiable chromatograms.”

Bodle, et al, 2007 performed the multivariate
pattern recognition of petroleum based accelerants
by solid phase micro extraction with GC-FID and
inferred that soft independent modeling of class
analogy (SIMCA) to be effective class predictor of
accelerants.*

Further studies are making way to carry out
the identification and classification using non-
destructive techniques-

Rodriguez, et al, 2011 performed fire debris
analysis on carpet, a DVD case, nylon, foam
packaging and CD cases using Raman spectroscopy
by burning them with petrol, kerosene, diesel and
ethanol. The better results were obtained for the
samples burnt with petrol and kerosene.*

Gonzalez, et al, 2015 on the basis of difference
in research octane number discriminated two
different petrol samples. Near Infra-red radiation
spectrophotometry along with hierarchical cluster
analysis (HCA) and linear discriminant analysis
(LDA) were used to classify the gasoline samples
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and found LDA as the better analysis tool than
HCA®

Kerr, et al, 2017 conducted a study using exhibits
involving high density polyethylene i.e. bottle,
low density polyethylene ie. a bag, polyvinyl
chloride i.e. a panel, polymethyl methacrylate i.e.
flooring, cotton i.e. towel. And tried to investigate
the presence of accelerants from fire debris and the
results were concluded using Principle Component
Analysis (PCA).»

Conclusion

Despite of having the best of knowledge as well
as the equipments, there exist a number of other
factors that unintentionally left unconsidered and
sometimes leave the expert with empty handed.
The Crimes like arson and its investigation itself
holds a baggage of limitations and surpassing of
which is a way difficult task to deal with. Despite
of all the odds, a forensic expert always tries to
stretch its potential by carving the most novice
ways to investigate such crimes in which even
traces of fire debris can tell us what the fire scene
actually reflects. From stating whether the fire is
natural, accidental or deliberate to stating the every
specification like the origin, cause as well as the
rationale behind setting up of fire by considering
the psychological aspects as well, in order to
exonerate the innocent. Its investigation is the most
strenuous task that can be successfully executed
by using gas chromatography which is the most
versatile instrument that can act as an asset to the
inquest. For the identification, characterization
and analysis of accelerants from suspected arson
cases the preferred instrument has been the Gas
Chromatography. Gas chromatography has
been used with varied detectors mostly FID and
MS amongst which MS has always topped the
list with more susceptible methods in terms of
sample collection to sample preparation in order
to provide the detailed study of arson debris. To
maintain the standard of testing American Society
for Testingand Materials International (ASTM
International) has contributed by establishing set
guidelines to operate and process before subjecting
to GC instrument. New minds and innovation has
bumped into better and more approachable forms
of GC by making hybrids of it and the most talked
in the recent years is E-nose i.e. headspace-mass
spectrometry a strategic mass spectrometry based
instrument with both qualitative and quantitative
applications surpassing the bygone separation

process. This technique emerges out as the most
promising tool and an apt alternative hybrid GC
technique to carry out the identification of ignitable
liquids from the fire debris opening varied ways
to conclude the arson investigation. From the
beginning to till now GC has ruled in arson inquest
but revolutionary ideas and implementations are
making way for spectroscopic techniques such as
infrared and Raman spectroscopy with an aspect
of them being non-destructible in nature. Yet, more
studies are required and also in queue to make it
reliable and susceptible among the analytical world.
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Abstract

Epigenetic processes have an important role in gene expression which is affected by living environments conditions.
Occurrence of epigenetics is conciliated by two major molecular mechanisms which includes histone modification
and DNA methylation. DNA methylation is an epigenetic channel action, this is a natural process where transmission
of a methyl group on the C5 position of the cytosine to form 5-methylcytosine at genome. So, epigenetic change is
normal and continual fact that may be influenced by many factors including age, the environment / lifestyle, and
disease state. The normal process of aging causes a span of transformation of tissues and organs which gathered over
life time. Now this could be possible to be examined through molecular based method. In view of this methylation
levels of age associated marker have been used for highly accurate age prediction in this area and depicted that
an age associated methylation marker on specific gene location found to be useful with marginal lapse. In Indian
scenario there are no such study published on epigenetic markers for age estimation. In future for forensic cases
work Molecular biomarkers may be significant to estimate age.

Keywords: DNA methylation, Epigenetics, Age prediction, Age associate CpGs

Introduction

DNA methylation is an epigenetic action that
regulate gene expression and involves adding
methyl group to a cytosine base. The study of
inheritable modification in gene activity or its
function due to alteration of point mutation,
deletion, insertion and translocation of base on
DNA sequence is called genetics. In contrast of this
epigenetic is also a constant heritable change in
gene activity or function that is not associated with
any modification of DNA sequence itself. In this
phenomenon all cells in an organism contains the
same genetic information that means not all genes
are expressed simultaneously by all cell types.

© Red Flower Publication Pvt. Ltd.

Unlike genetic, epigenetics is the study of inheritable
alteration in gene expression which do not modify
DNA sequence rather change in phenotype
without a change in genotype. Epigenetic
alteration are those changes which affects directly
gene expression by means of DNA methylation,
histone modifications, acetylation and chromatic
remodelling. An epigenetically re-programming
of the gene is express by removal or addition of
methyl group, the process of a removal of methyl
group from DNA is known as demethylation
where agene can be activated by removal of methyl
group and leads to gene expression by promoting
transcription. In non-coding region of DNA, GC
(Guanine-Cytosinebases) rich DNA is highly
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Fig 1. Conversion of Cytosine to 5-methylcytosine

methylated where 5" carbon of cytosine base is
more prone to methylation which convert into the
5-methylcytosine (5mC). Basically, where these
5mC commonly occurs in CG rich region called
CpG island in somatic cells and in embryonic
cells these 5mC is occurred at non-CpG region.At
post replication modification in which addition of
methyl group happened to the CpG island then
this process deactivates the gene activity. In this
phenomenon an active gene can be deactivated by
additional methyl group on its promoter region, by
doing this it inhibits the binding of proteins and
enzymes involved in regulate gene expression.
Promoter region of gene are non-coding CG rich
region of DNA which are more prone to DNA
methylation.

In multicellular organism epigenetic action are
determined in the diversified gene expression
profiles in different types of cells and tissues.' So,
epigenetic change is normal and continual fact
that may be affected by many factors including
age, environmental conditions, heredity, lifestyle,
treatment history, autoimmune diseases and certain
disorders. So, DNA methylation is the genetic
process by which methylation of DNA molecule
can differ the activity of DNA segment without
changing in the sequence. DNA methylation is
necessary for normal development and is related
with many crucial processes including genomic
imprinting, X-chromosome inactivation, repression
of transposable element, aging and carcinoma.
When this present on gene’s promoter region it
supresses the gene transcription. An abnormal
methylation pattern has been affiliated with many
conditions and disease.>* After the development of
whole genome bisulfide sequencing, this technique
has been applied to epigenetic studies.In this
article, age associated DNA methylation marker
are reviewed for future aspect of investigation in
forensic field.

Role of DNA Methylation
DNA methylation involves the addition of a methyl

group (CH3) at 5"position of cytosine residue, which
occurs mainly in CpG dinucleotide.The CpG is the
region of genomic DNA where a cytosine nucleotide
is coming after guanine nucleotide in the linear
form of bases at 5 — 3’ direction and that CpG is
shorthand for this nucleotide sequence order, when
CpG present in higher frequencies in a genomic
region than they know as CpG island. The whole
human genome contains 30 million dinucleotides,
which exist in methylated and unmethylated state.
It is estimated that 30-90% of CpGs are methylated
in mammals and these methylated CpGs found in
CpG Island in human genome.*”> Advancement in
research is consistently finds the role of epigenetics
in a various fatal disease and genetic disorders of
humans. In thisregard various research studies have
shown that the age-associated CpGs are specific
in tissue, and DNA methylation patterns present
widely divergent among tissues. Therefore, over
the last decade it has become clear that epigenetic
markers can be significant for age estimation in
forensic investigation.®’

Human tissues change as grow older and this
age process is regulated by DNA, many researchers
have been successfully used this ageing process
to predicts individual’s age. The determination
of potential change in DNA methylation forms
could help in various forensic investigations, such
as differentiating monozygotic twins, identifying
the tissue source or determining the age of tissue
donors.® Age prediction is an important part in
forensic field. Traditionally age determination is
used by morphological method based on bone
ossification, chemical analysis of tooth dentine and
radiocarbon analysis. Age estimation based on such
method has very less accuracy i.e estimation error
margin >10 years, these techniques require expert
medical experienced anthropologist.The normal
process of aging causes a range of alteration of
tissues and organs which accumulate over life time.’
Now this is possible to be examined at molecular
level from small remains of biological samples.

Methodology for Methylation

It is an essential task to developing an accurate,
sensitive and robust method which could be
analyses the age associated CpG sites in forensic
samples. Though predicting age across a broad
spectrum of human tissue and cell types might
be very challenging task but it would be very
advantageous to translate and observed age
associated DNA methylation differences in the
chronological age of an individual. In view of
this, for analysis of DNA methylation, currently
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researcher have used methodologies of gene
specific number of CpG sites on cell types.*

Most of the researcher have calculated age,
based on targeted methylation detection by
the molecular technology such as Bisulfited
conversion pyrosequencing, qPCR, EpiTYPER
system and massive parallel sequencing. Among
all Pyrosequencing found to be gold standard for
DNA methylation. Apart from this base on genome-
wide profiling has lad more extensive followed for
gene regulation epigenetic mechanism. [llumina’s
Human methylation bead Chip technology is one of
the most commonly used method for methylation
which allows for simultaneous measurements
of the methylation status of 27,578(27K chip) or
482421(450K Chip) CpG site in the genome at single
resolution. To minimise prediction errors and
increased accuracy, other statistical software has
also been used together for regression analysis."

Age associated - methylation marker on specific
gene location have been reported useful with
marginal lapse of 3.75 years in blood samples and
4.86 years from teeth.”? Such techniques may be
significant in police investigations to determine
the age of criminal and unidentified bodies that
can leads to identification. In Indian scenario there
are no such study published on epigenetic markers
for age estimation. Extensive research has been
done on the effects of age upon DNA methylation
by various working groups in order to address
forensic investigation and its importance.”

Analysis of DNA methylation from Age-
associated CpGsin various tissues

Bocklandt et. al 2011 reported first age predictive
model base on DNA methylation data of saliva
samples using Illumina 27K from 34 pairs of twin
subject aged ranged 21 to 55 years. The model
was composed of three age associated CpGs of
the EDARADD, NPTX2, and TOM1L1 genes and
showed an average precision of 5.2 years."

Koch and Wagner 2011 identified epigenetic age
signature which is applicable for various tissue
to predict age of donor. The Illumina’s Human
Methylation 27 Bead Chip array (Illumina 27K)
were used which represents 27,578 CpG sites. They
used 19 CpG hyper-methylated sites with aging
from five public data sets, which were generated
from 20-30 samples dermis, epidermis, uterine
cervical smear, T-lymphocyte, and monocyte.
Among 19 CpG sits four CpGs sites in the NPTX2,
TRIM58, GRIA2, and KCNQIDN genes, and
another hypo-methylation site in the BIRC4BP
gene were chosen to carried out an age prediction.

83

The developed predictive model that showed mean
absolute deviation from chronological age of 12.7
years in eight validation sets with an accuracy.
In that study total of 766 samples were collected
for validation which includes mainly peripheral
blood (PB) leukocytes, saliva, breast tissue, CD34
+ hematopoietic progenitor cell, PB monocytes, PB
lymphocytes, buccal epithelial cells and cord blood
monocytes. DNA methylation were found to be
lower in breast tissue in comparison to other cell
types used at the CpG site of the BIRC4BP gene and
the prediction accuracy increased by11.4 years. The
workers of this study were performed and focused
on most significant CpG sites in the KCNQ1DN,
NPTX2, and GRIAZ2 for age prediction.”®

DNA methylation were investigated at the
specific locus (IGF2/H19) by C. pirazzini etal. in
2012 for age of homogeneous individuals (males
of restricted age range between 30-50 years)
who belonging to four Italian districts as well as
representative of the major genetic clans. Similarly
in a companion of monozygotic (MZ) and dizygotic
(DZ) twins of different ages (22-97 years). The
analysis of twins' personal life histories suggests
that the all-twin pairs difference is likely the result
of the aging process, because they sharing a same
environment for long periods had no effect on
DNA methylation divergence. He reported aging
more than population genetics is responsible for
the inter-individual variability in DNA methylation
patterns in humans; DNA methylation variability
appears to be highly region-specific.'®

The study of Johansson A 2013 reported that age
alters DNA methylation at around one third (29%)
of the sites (Bonferroni adjusted P-value <0.05), of
which 60.5% turns into hypomethylated and 39.5%
hypermethylated with growing age. They examined
DNA methylation in genome of white blood cells
from a community group (N=421) age ranging
from 14 to 94 years at 476,366 sites throughout the
genome.Their study suggested that the methylation
sites on DNA are more often convert into hyper-
methylated within CpG islands in compared to sites
outside anisland. It appears that the change in DNA
methylation partially overlap with segment that
change histone modifications with age. Naturally
happened epigenetic correction and change in
gene expression throughout the time generally
reflects normal process of aging and variation
between individuals. It indicating an interaction
between two major epigenetic mechanisms which
aid to the elaborate of age-related phenotypes and
diseases such as cardiovascular, type II diabetes
and autoimmune disease."”
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Bekaert B 2015. have studied the age-associated
genes (ASPA, ELOVL2, EDARADD and PDE4C)
from the published literature and demarcated CpG
methylation levels from 206 blood samples of both
living and deceased personal’s (age upto 91 years)
and to understand chronological age prediction
they used both linear and non-linear regression
models with an accuracy. Their report suggested
that methylation levels of ELOVL2 showed
highest accuracy with quadratic regression model
with a Mean Absolute Deviation (MAD) between
chronological age and predicted age of 3.75 years.
There was no difference in accuracy among both
living and deceased personals including among
two genders. They also analysed 29 teeth samples
from other personals whose age ranged 19-70 years,
using same set of age associated markers resulting
MAD between age 4.86 years. On validation of both
types of samples, results from blood demonstrated
the more powerful and reproducible assay. They
suggested that set of these 4 CpG DNA methylation
markers is capable of producing highly accurate
age predictions for blood samples in both living
and deceased individuals.'®

Giuliani. C et. al. 2016 have conducted a study to
analyze DNA methylation status at specific CpGs
location in FHL2, ELOVL2 and PENK gene and
corelates with age in modern teeth (cementum,
dentine and pulp) by using Mass spectrometry.
They considered 21 modern teeth samples from
17-77 years old subjects to get methylation data
and develop a mathematical model that able to
utilize DNA methylation values to predict age of
an individuals. They reported that the methylation
status of the examined regions in the FHL2,
ELOVL2 and PENK genes could be used to predict
age from modern teeth. Given the accuracy of such
approach, these biomarkers promise to be highly
informative also when applied to paleo-epigenetics
investigations, where teeth are commonly available.
This study has suggested DNA methylation is a
robust method to predict age for anthropological
applications. Based on their work cementum and
pulp has 1.25 £ 2.5 years, cementum is 2.45+3.3
years and dentine age 7.07 £ 7 years."”

A study was carried oud out by Naue ] et.al
2017 using massive parallel sequencing (MPS)
and random forest regression on chronological
age prediction based on DNA Methylation. This
has reported that MPS allowed accurate DNA
methylation determination of pre-selected markers
and neighbouring CpG sites are best age predictive
markers for the age prediction tool. From 208
individuals blood samples were used for training of
the algorithm and another 104 individual’s samples

were used for model evaluation with known age
ranged 18-69 years. For this prediction fifteen age-
dependent markers of different loci were chosen
form publicly available 450K microarray data, and
then thirteen were finally selected for the age tool
based on MPS which includes DDO, ELOVL2,
F5, GRM2, HOXC4, KLF14, LDB2, MEIS1-AS3,
NKIRAS2, RPA2, SAMD10, TRIM59, and ZYG11A.
This study reported that the validation of the
training set leads to a mean absolute deviation
(MAD) of 3.21 years and a root-mean square error
(RMSE) of 3.97 years. On further evaluation of
model were conducted using the test set showed a
MAD 3.16 years and RMSE 3.93 years respectively.
On considering a reduced model based on only 4
markers (ELOVL2, F5, KLF14, and TRIMS59) the
result was found RMSE of 4.19 years and MAD
of 3.24 years for the test set whereas for cross
validation training set: RMSE were 4.63 years and
MAD 3.64 years were observed. In this model
of study,no statistical difference was found for
accuracy of age prediction.® Similarly in another
study M. Spoélnicka et al have analysed DNA
methylation profile for calculation of forensic age
estimation in three groups of individuals who
diagnosed with three types of medical conditions
by observing five markers from five different genes
(ELOVL2, Clorf132, KLF14, FHL2, and TRIM59). A
converted DNA methylation profile and adjusted
age prediction accuracy were reported in all medical
conditions. The results of their work demonstrated
that the preferred age related CpG sites have found
unaffected age prediction capacity in Alzheimer’s
disease subjects at late onset. Abnormal hyper-
methylation and weakened prediction accuracy
were found for TRIM59 and KLF14 markers in the
group of early onset Alzheimer’s disease suggesting
increased aging of patients. In the Graves’ disease
subjects, aberrant hypermethylation observed on
TRIM59 and FHL2 for the former and aberrant
hypomethylation for the latter. Their study has
emphasized high efficacy of the ELOVL2 and C1
or f132 markers for estimation of chronological
age in forensics by demonstrating unchanged
prediction accuracy in affected individuals
by three systematic diseases. Their study also
demonstrated that artificial neural system could
be a suitable alternative for the forensic predictive
DNA analyses.?" In 2019 a study was conducted by
Jung SE considering that the age associated DNA
Methylation marker are tissue specific, in view of
this a total of 448 samples of various tissue types
(blood, buccal swab, saliva) were examined for age
prediction at 5CpG sites from ELOVL2, C1 or 132/
MIR29B2C, FHL2, KLF14 and TRIM59 gene. DNA
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Tablel: Age -Related DNA methylation based other studies for age prediction

Age-related

Author CpG marker Sample types Agerang Technique Findings
- Accuracy are +5.75 years,
Zbiec¢-Piekarska . ] : .
R et.al 2015 (27) ELOVL2 Blood 2-75 pyrosequencing hlgh Corre.latlon with
increasing age.
Accuracy +3.156 years
Park JL etal ELOVL2,ZNF 423, Blood 11-90 rosequencin & markers ae useful
2016 (28) CCDC102B pyroseq & for analysis in Asian
population
Accuracy are 4.3 years
Eipel M etal. PDE4C, ASPA, Complete blood, Bisulfite-converted m tram.mg S?t an.d £7.03
2016 (29) ITGA28, CD6, Buccal epithelium b pyrosequencing years in validation set
SERPINB5 and £5.09-5.12 years in
specific cell combination
ELOVL2 ASPA Control:19-101,
Freire-Aradas A PDE4C.FHL2, Blood, Peripheral Peripheral Flanking Sequencing Epi Accuracy with +3.07
etal. 2016 (30) CCDC1028 blood, cell lines ~ 0100¢: 18104, TYPER ears
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methylation were measured by SNaPshot assay
and age prediction models were built separately
for each samples type. Their results showed high
accuracy for age prediction with Mean absolute
deviation from chronological age of 3.478 in blood,
4293 years in buccal swab and 3.552 years in
saliva. This study supports their model is useful for
forensic analysis.?

Correia Dias H etal in 2020 have reported
DNA methylation in blood samples of living and
deceased subjects for age estimation by SNaPshot
assay. They used 5CpG sites located on 5genes
(ELOVL2, FHL2, KLF14, C1 or {132 and TRIM59)
to compare DNA methylation status between two
populations(Portuguese and Korean individuals)
previously investigated apart from living and
deceased subjects. For that 59 blood samples
includes male & females with age ranged 1-94
years, and 62 deceased subjects age ranged 28-86
years from both male & females were examined.
They used linear regression model for relationship
between methylation level and chronological age.
The results showed that for living subject 3CpG
sites at ELOVL2, FHL2 and C1 or f132 genes were
425 years with mean absolute deviation from
chronological age (96.3% of age variation). In
deceased subjects 4CpG site at ELOVL2, FHL2 and
Clor f132 and TRIM59genes were 4.97 years with
MAD (92.5% of age variation). In comparison of
Korean and Portuguese population there were some
differences found in the extent of age association
at targeted locations. Their study suggested
usefulness of multiplex methylation by SNaPshot
assay for forensic analysis in blood samples. In case
of population there is possibility that markers can
be population specific.?

In 2021 a study was conducted by Zapico SC and
co-workers to identify methylation pattern from the
erupted third molar dental pulp samples of healthy
individuals and correlated this pattern with age.
They wanted to understand the current age-at-
death estimation for Forensic anthropological point
of view as age estimation is less accurate in adult
individuals based on degenerative changes in bones
and teeth. They collected samples from individuals
whose age were 22-70 years. The ELOVL2, FHL?2,
NPTX2, KLF14, and SCGN marker at CpG sites
of genes were used to predict chronological age
by different multivariate regression models and
reported that mean absolute error (MEA) of 1.5-
213 years for age-at-death estimation in adult
personals. This study suggested excellent accuracy
and potential maker for age estimation.*

DNA methylation is the most usable and

described part of the chromatin marks that formed
epigenome. It is a specific chemical conversion
of highly stable biological macromolecule. The
DNA methylation is an attractive detection and
diagnostic biomarker on chosen gene that can
serving as an ideal target for epigenetic studies in
human populations.® The age associated CpGs
have been located in a specific tissue as well as
across tissues, as DNA methylation profiles are
highly dissimilar in different tissues.Among all
possible age dependent marker, ELOVL2 is found
to be most promising age predictive marker at CpG
sites of genes in blood samples, which showed high
association of age with DNA methylation by using
the 450K Bead Chip array.*

Conclusion

Determination or prediction of age of individuals
in forensic investigation is an important and
difficult aspect. DNA analyses have facilitated
scientists to accomplish particular genetic profiles
of individuals from DNAs isolated from biological
specimens, apart from identify, predictions of age
and gender also important part in the investigation.
Current approach for age prediction relies on
examining the structure and composition of teeth
and boneresulting imprecise estimation. DNA
methylation presents another sensitive molecular
approach to age prediction.Scientist has identified
genomic regions whose DNA methylation patterns
is age sensitive. Molecular biomarkers may be
significant to estimate age in future for forensic
cases solving. Epigenetic approach provides new
perspective for using biomarkers. Using such loci
will attribute more precise biological age prediction.
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Abstract

Wildlife crime, defined as the illegal capture, disturbance, ownership, exchange, or movement of animals and / or
their derivatives, is a rising international problem that poses a threat to many species' survival. The ‘crime scene' in
such investigations can range from an animal carcass to terrain with topography as diverse as woodland or desert, as
well as a variety of natural and man-made structures. The location of a wildlife crime scene is frequently remote, with
insufficient facilities for thorough investigation and evidence collecting. These characteristics may pose particular
issues in poorer sections of the world and countries suffering societal turmoil. Working at a wildlife crime scene
necessitates the use of tools, investigation procedures, and scientific technologies that are all suited for the situation
and the best available. A combination of portable and easy-to-use laboratory equipment, as well as current data
gathering and information transmission systemes, is likely to be required for effective inquiry in the field. It is critical
to use an interdisciplinary approach. These tactics can be used to combat wildlife crimes and punish those involved
in the illegal trafficking of animals, flora, and fauna, as well as their products. Footprint analysis, morphological
and anatomical studies, microscopic inspections of bodily components, and molecular biology techniques such as
serological, mitochondrial DNA, rRNA, and protein analysis are among these techniques. The well-documented
methodology and techniques, as well as their disadvantages and advantages, have been thoroughly examined in
this review, and will undoubtedly aid the court of law and scientists working in this field to reduce wildlife crime
rates through scientific investigations.

Keywords: Wildlife crime, Illegal trade, Species determination, Sex identification, Molecular marker

Introduction

Wildlife crime encompasses illicit wildlife
trafficking, ownership of wildlife animals, plants,
and their products, as well as other violations
of national and international law. It can also be
defined as the unauthorized capture, ownership,
trading, or movement of animals, plants, or their
derivatives in violation of international, regional,
or national law. Some also include cruelty to wild
animals, both free-living and in captive, as well

as persecution. lllegal wildlife flora and fauna
trading is currently taking place all throughout the
country. International trade poses a serious threat
to the world's population, with at least a 50 percent
reduction anticipated in the last 47 years. India's
legal and policy framework for regulating and
restricting wildlife trading is strong. In the current
Indian environment, however, strong policies and
implementation are critical.! After narcotics and
guns, wildlife items are the third most illegally
traded item. Wildlife crime is on the rise, and the
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scope of the problem is unknown. Illegal trade in
elephant ivory, wildlife animal skin, sport, food,
and clothing are the leading cause of exploitation
of wildlife natural resources. More than 60 to
70 percent of the world's population relies on
herbal medication for their health needs.? The
Tibetan Antelope (Pantholops hodgsonii) has been
reclassified as Near Threatened from Endangered.
Commercial poaching for the shahtoosh, which
is used to produce shawls, is the main cause. The
Bornean Yellow Muntjac (Muntiacusa therodes) is
on the verge of extinction. Hunting for meat, skins,
and traditional treatments are the main dangers.
In 2016, the Grey Parrot (Psittacus erithacus) was
upgraded from Vulnerable to Endangered on the
IUCN Red List.3*

Poachers are increasingly sophisticated tactics
financed in many cases by covert or corrupt
organisations, and countries facing what could
be seen as a war on their environments often lack
the manpower in terms of conservation officers,
rangers, or law enforcement personnel to act as
a deterrent or to handle the often overwhelming
need.’ Furthermore, poor countries face a severe
lack of funding for military operations. There
is frequently a lack of understanding, if not
outright ignorance, of what is required in terms of
investigative procedures. Even in countries with
sufficient financial, personnel, and regulatory
assistance, there is frequently a lack of experience
and understanding of how to properly evaluate,
investigate, document, and present these crimes in
court.®’

The illegal wildlife trade in mammals, birds,
insects, and reptiles is well-connected all over the
world, and thousands of wild animals, birds, insects,
and fish are sold every year. In India, projects to
protect wild animals such as sea turtles, crocodiles,
hangul (red deer), tigers, elephants, and one-horned
rhinos have beenlaunched. The horns of one-horned
rhinos are poached. The Ministry of Environment
and Forests recently developed the Indian (One
Horn) Rhino Vision 2020.% The goal of this initiative
is to increase the number of participants by 2020.
Seahorses and pipefish are illegally traded in Tamil
Nadu, Kerala, Maharashtra, and Karnataka, India.
The usage of it in anti-aging drugs, asthma, high
cholesterol, goitre, kidney problems, skin ailments,
and infertility is the main reason for exploitation.’
Footprints analysis at crime scenes, morphological
studies of the species, microscopic investigations
of body parts, anatomical studies, and serological
procedures are all diagnostic markers for species
identification in wildlife forensics around the

world. Hair, lengthy bones, species-specific tooth
morphology, and other traits are used to make
this determination. Cooked and dried meats, dried
shark fins, egg shells, animal hairs, bone, ivory,
rhinoceros’ horns, turtle shell, feathers, and fish
scales are among the evidences used to identify
species in wildlife forensics.*"

Crime Scene Investigation, Collection, And
Preservation of The Sample

The primary goal of a wildlife crime scene inspection
is to identify the species and cause of death, i.e., to
connect the suspected wildlife criminals, victim,
and crime scene. The essential precautions are to
demarcate the search area, avoid congestion, put
on sterile gloves before collecting samples, create
a crime map, preserve, package, and forward the
evidence. This section focuses on the measures that
should be followed during the collecting of samples
before they are sent to a forensic laboratory.'?

With the advancement of DNA analysis
technology, there is a significant benefit for wildlife
inquiry. The identification of biological evidences
for determining the species, gender, individual
identity of samples, population, molecular
taxonomy, and animal relationship or relatedness
is a major challenge for wildlife DNA forensics.
Because DNA evidences are often contaminated
and degraded in the environment, it is critical to
be cautious while sampling biological evidences.
As a result, it's best to gather samples from a crime
scene as quickly as feasible. During sampling,
careful work is required so that things can be
properly documented, sized, packed, and kept for
inspection at wildlife laboratories. Samples should
be appropriately labelled with digits or alphabets,
and their descriptions should be included in the
forwarding notes, along with a crime scene sketch
that shows where the samples were obtained.
Samples must be appropriately packed and
sealed. In addition, a sample of the seal should be
included in the sending message. To verify that no
tampering has occurred throughout the transit of
items, maintaining chain of custody is a vital aspect
of crime investigation.''s

Contamination Precaution

Contamination is the most critical concern
associated with the handling of biological DNA
samples. During the collecting and transfer of
evidence, there is always a substantial potential
of DNA contamination. As a result, precautions
must be taken to avoid contamination during the
collection and preservation of DNA evidence.
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The most important Pollution in DNA evidence
occurs when other biological sources are mixed
in with relevant DNA evidence, or when surface
contamination comes into contact with the sample,
or when faulty collection and preservation result in
a significant danger of biological activity destroying
the DNA authenticity.’ To avoid and limit DNA
contamination, the following principles should be
followed.

Secure the area and restrict access to only the
most important people. Always use sterilized,
high-quality gloves and replace them frequently.
As much as feasible, handle the evidence with
care. Avoid touching any areas where there is a
chance of finding DNA evidence. Before or after
sampling, use disposable or single-use objects, as
well as clean sterilized non-disposable things. It's
best not to tread on or over evidence. As much as
possible, avoid speaking, sneezing, or coughing
near the crime scene or over evidence. Individual
scientific evidence should always be recorded
and stored in sealed envelopes or containers
with suitable documentation. Before packaging,
thoroughly air dry the evidence. For any forensic
biological evidence, it is recommended that you
avoid using plastic packaging for the inner or outer
covering and instead use paper bags, envelopes,
cartons, or other comparable materials. To avoid
cross contamination, each piece of evidence was
packed separately. If you are hurt, get out of there.
A sufficient care is made to avoid direct bodily and
mouth contact with investigation tools that may
have come into contact with contaminated surfaces.
Avoid eating, drinking, chewing gum, smoking,
or using tobacco around a crime scene as much as
possible.'” 1

Sampling

When sampling biological material for genetic
analysis in a wildlife crime investigation, the same
chain of custody, labelling, transport, and storage
processes and protocols must be followed as with
other samples. All collection material and tools
must be free of “external” DNA from the collector
or other potential sources of contamination during
sampling. It is suggested that you use sealed and
disposable tools.

Sampling should be done by qualified and trained
persons in general. To avoid cross-contamination,
personal protective equipment (PPE) must be used,
and gloves should be replaced between sampling
of various materials and/or samples.®

Toavoid material degradationand contamination,
storage and transportation are critical, and various

91

materials require different circumstances. If you
have any doubts, you should always contact the
laboratory that performed the genetic analysis for
more information.

A large range of commercial kits for collecting
genetic material is now accessible.*

In wildlife crime situations, using these kits is
highly advised because it decreases the danger of
inappropriate sample collection and processing. All
directions from the manufacturer regarding usage,
storage, and shipment mode must be followed.

°,

% Soft Bodily Tissue: Any soft bodily tissue
(organs, muscles, etc.) from a carcass can be
retrieved for genetic study. Except for samples
of very degraded remains, a minimal amount
(5 gram) is usually sufficient. Tissues should
be stored at -20°C in an airtight, shatter-proof
container. Samples should be sent in a cooler
with ice packs by express postal service.®

% Bone, Teeth, Eggshell: Bones, teeth, antlers,
and eggshells should not be cleaned or
bleached before being processed. DNA
extraction works best with large molar teeth
or large bones (humerus, femur). These items
can be stored and sent at room temperature.>

% Hair/ Feather: Hair/Feathers: Gloved hands
remove a quantity of hairs and feathers from
the body. Do not cut the hairs with scissors
or other tools because the best effects are
obtained by cutting the hair roots, adhering to
the sample. Hairs and feathers must both be
removed. Kept and sent at room temperature
in a paper envelope or bag. Putting these
together, Degradation is increased by placing
samples in a tight-sealing plastic container.
Mold has infected the samples, rendering
them unusable for genetic study.”

% Blood: Blood can be obtained from very fresh
carcasses using sterile veterinary equipment
and preserved in an anticoagulant tube.
Blood tubes should be kept at a temperature
of +4°C or less. Avoid thawing and refreezing
multiple times since DNA deterioration
will occur. Samples should be sent in a
cooler with ice packs by express mail.
However, in the vast majority of wildlife
crime situations, taking blood samples on the
spot will be impossible. Blood may be taken
during necropsy in such circumstances. Wet
blood can be transferred to swabs or specific
filter paper and stored at room temperature
in a swab tube or a paper envelope.
Dried blood on the carcass or any other
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object of interest can be collected with
a slightly dampened swab and dried
in a swab tube or paper envelope.
Blood stains on ice or snow can be collected
in a tightly sealed container with the original
material. The samples should be kept frozen
at all times. Avoid thawing and refreezing
multiple times since DNA deterioration will
occur. Samples should be sent in a cooler with
ice packs by express mail. 5>

% Saliva: Swabs can be used to sample saliva on
any object or a wound of an animal allegedly
killed by a predator. The swab should be
inserted in the swab tube after air drying at
room temperature and stored and delivered
at room temperature.®

% Urine: Fresh urine should be collected in a
tight-sealing container (minimum 50ml) and
frozen as soon as feasible at -20°C. Samples
should be sent in a cooler with ice packs by
express mail. Dried urine on any object can be
collected with a slightly moistened swab and
dried at room temperature in a swab tube or
paper envelope. Urine on snow or ice should
be collected in the same way as blood stains
are collected on these surfaces.®

% Feaces: Wet faeces should be sampled as
soon as possible and frozen at -20°C in a
tight-sealing, shatter-proof container. Dry
faeces should be stored and sent at room
temperature in a paper bag or a breathable
container.*

Wildlife Crime Analysis And Technique Used

The identification of confiscated materials
and protected species must be sent to forensic
laboratories that deal with wildlife crimes or
research institutions that deal with wildlife. In
forensic laboratories, several unique traits of
species or confiscated materials are used to identify
wildlife species. Footprint analysis at crime scenes,
morphological research of the species, serological
approach, and molecular biology techniques are
currently used for animal species identification.”

Analysis by Footprints

Footprints of wildlife species are crucial evidence
in species forensic investigation. Footprints are the
imprints of an animal's foot on surfaces where it
walks or in captivity. The pattern of the footprints
and their size are used to determine the species
type and age. The main issue with using footprint
imprints to identify species is that they are typically
unnoticeable on hard surfaces, and these footprint

locations are frequently contaminated by the
presence of other animals.?

Morphological Analysis

The easiest form of wildlife forensic procedure
in the identification process of evidences and the
least expensive forensic analysis is morphological
or physical characteristics. Important hints based
on external appearance are provided in the
identification of species based on morphological
characteristics of wildlife flora and fauna. Different
species have different physical characteristics
such as skin coat colour, pattern of coloration,
eyes, pinna, tails, ivory, and so on. Ivory is a type
of dentine that has a distinct pattern known as
schreger that is illegally trafficked from Asian
or African elephants.” It also features an angled
pattern that serves as a means of distinguishing it
from other species. When a whole skin or skeleton is
given as evidence, morphological, anatomical, and
microscopic study can aid in species identification.
In morphology-based identification, experience and
a database of known or reference samples become
extremely important. When animal skin evidence is
seized, for example, hair analysis and comparison
with a reference sample are critical in determining
the species of origin.?? This type of evidence is
examined and compared to existing reference
materials such as taxonomic keys and species
monographs. The lack of availability of the whole
animal or its intact components preserved as such
is a fundamental challenge with morphological
identifications, and morphological analysis is again
limited to the level of genus or its higher taxonomic
level.?

Examination by Microscope

The morphology, elemental analysis, and cuticular
scale pattern of the hair are all included. Hair is an
important feature that can be utilised to identify a
species. The identification of animals based on hair
evidence can be done using a scanning electron
microscope. Scanning electron microscopy gives
a larger magnification range and linked Energy
Dispersive Spectra, allowing elemental analyses
such as sodium, potassium, calcium, and sulphur
to be used to identify geographical regions. For
mammalian species, hair scale patterns of various
species have been documented in Australia and
Europe. The fundamental drawback of microscopic
techniques is that they require well-preserved
samples for microscopic inspection.?

Serological Techniques
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Serological approaches, like the lock and key
paradigm, are based on the interaction between
antibodies and their corresponding antigen.
Species-specific antibodies are employed to identify
the biological evidence's species of origin. The lack
of species-specific antibodies in our laboratory is
one of the most worrying issues with serological
techniques. Antibody cross-reactions in non-target
species have also been shown to give favorable
outcomes. As a result, in forensic analysis, it is only
used as a presumptive test.

Infra Red Techniques

Spectroscopies such as mid-infrared, near-infrared,
and Raman, in combination with chemometric
approaches, have been shown to be particularly
effective in distinguishing species and in identifying
the geographical origins of herbal remedies.
Because of its great dependability, low cost, and
ease of examination of biological evidence such
as soil, food, and beverages, NIR spectroscopy is
widely used. Wildlife can be identified using near-
infrared spectroscopy. Nuclear DNA, mtDNA,
and DNA fingerprinting are among the molecular
technologies used to determine the origin of species,
which aids in the enforcement of wildlife protection
laws. Geographic origin has also been determined
using genetic approaches. The provenance has
also been determined using assignment tests and
microsatellites.?*

Radio Isotrope Tracer Technique

Inwildlife forensics, thisapproachisused to discover
trace components in the evidential remnants.
Radioisotopes are more plentiful in different
places, and the presence of such radioisotopes
indicates their most likely origin based on isotope
abundance maps. Essential and trace elements are
the two categories of elements assimilated into the
body. Aluminum, arsenic, beryllium, cadmium,
chromium, molybdenum, nickel, lead, and tin are
examples of non-essential elements. Increased
levels of trace metals in the body can be caused
by intake and inhalation of trace metals from the
diet and environment. As a result, radioisotope
tracer techniques are being used in the discovery
of species origin. Mt-DNA markers have also been
used to determine a person's geographic origin.
In such instances, identification based on DNA
analysis becomes crucial in wildlife forensics when
physical traits of species are lost. Forensic mt-DNA
markers like as 165rRNA, 125 rRNA, Cytochromeb,
and Cytochrome Oxidase are employed in wildlife
for identification, as well as phylogenetic study.
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Interspecific variation can be seen in these mtDNA-
based markers. Interspecific variation can be seen in
these mtDNA-based markers. The genetic marker
that is available for many species and subspecies
from various geographical ranges is useful in
wildlife forensics, but much work has to be done
in the present and near future to build a marker
of DNA sequence repository of wildlife flora and
fauna_28,29,30

Laboratory Investigation in Wildlife Crime

General Pathalogical Investigation

In any situation involving visible dead wildlife,
veterinary pathology tests are essential. The
pathologist can determine not only the cause
of death, including the manner and reason for
death, but also any underlying pathology and any
cause of illness. In addition, forensic pathologists
are professionals who may analyse and evaluate
the need for additional investigations based on
pathological results. As a result, in suspected illegal
homicides, a detailed and thorough pathologic
investigation at a recognised laboratory is critical!
Remember that corpses are more than just dead
bodies; they're also bundles containing valuable
knowledge and prospects for the future.?*

Species Determination

While determining unique species in mammals
such as the wolf, bear, and lynx is simple, correctly
identifying birds of prey by physical traits can
be difficult. In some species, such as harriers,
this is especially true for young individuals aged
three years or less. Although various field guides
are available to help with bird and other animal
identification, the examiner may consult biologists,
particularly ornithologists, if in doubt. If you don't
have a working relationship with these experts
yet, any natural history museum or a university's
biology department can help you find one. If
morphological criteria, such as the corpse being
badly decomposed, do not allow for a correct
species classification, a genetic examination of any
tissue from the carcass will provide the necessary
information.®

Age Determination

In a rare circumstance, determining the age of an
individual victim may be simple if the person is
"known." Thiscould be thesituationif theanimal was
collected and marked during scientific research and
then released as part of a reintroduction campaign.
The age of an individual is usually determined
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over the course of these projects/studies, therefore
contacting the project directors is beneficial. In all
other circumstances, determining one's age might
be difficult, and experts may be consulted. Various
physical traits are utilized depending on the species,
just as they are for species identification:*

Individual size and weight; pelage/plumage
colour;ossificationofvariousbonesand bonesutures;
ossification of various chondral tissues; dimension
of bony structures; dentition, eruption, and tooth
wear (in mammals). The dental characteristics of
large carnivores, particularly the incisors, show
regular changes with age and so allow assigning an
individual to at least different age categories, such
as 1 year, 1-2 years, 3-6 years, 7-9 years, 10-13
years, and 14 years in lynx. Microscopic analysis of
the so-called cementum annuli rings of the incisors,
canines, or premolar teeth can yield very precise age
determination findings in wolves, bears, and lynx,
but this approach is only used by a few specialised
laboratories. With the exception of some species
of birds of prey, whose plumage displays distinct
coloration until they are about three years old, age
determination in birds is often limited to simply
classifying them as juvenile or adult due to the lack
of distinct morphological characteristics that allow
for a more precise age classification. It's important
to remember that genetic testing won't help you
figure out your age.**

Determination of Post Morteum Interval

Many chemical and physical processes begin
in a carcass shortly after death, leading to
decomposition and, in most cases, eventual
skeletisation if left undisturbed. The autolysis
and, in rare cases, the putrification processes are
both involved in decomposition. Mummification,
or the drying of the corpse, may occur in specific
circumstances. During necropsy, the pathologist
may be able to ascertain at least a reasonable
estimate of the time since the individual's death
based on the sequence of events. All of these
processes, however, are highly varied and are
influenced by a variety of intrinsic and extrinsic
factors, such as the animal's species and size, ante-
mortem activity, cause of death, and environmental
conditions, among others. Enormous creatures,
such as a bear with thick winter fur and large fat
depots, cool more slowly than starving birds.*”
Postmortem cooling models have been established
in human forensic sciences during the first few
hours after death, however there is very limited
data on different animal species, and human data
cannot be easily generalised to each animal species.

Scavenger activity and mummification after death
might also be mistaken as stages of decomposition.
As a result, determining the post-mortem interval
simply based on the parameters listed above is not
well established scientifically, and no practical field
application exists. When analysing the findings, use
caution! The pathologist must, however, carefully
analyse and document the post-mortem alterations
detected in a carcass. The intraocular pressure has
recently been discovered to be a good predictor for
brief (less than 12 hours) post-mortem intervals,
and this method could have future promise if
verified in a variety of animal species. Other
strategies, such as differences in various body
fluids properties, have failed to work in humans, let
alone animals. Carcasses are frequently discovered
later in the post-mortem period in animal forensic
cases, rendering the methods indicated above
worthless. In such circumstances, entomological
examinations of the insects and various stages of
larvae that occupy a carcass after death may yield
useful information on the time since death.*%

Pathalogical Finding Due to Electrocution

Birds that cut the electricity when perching on
and, especially, lifting off from electrical lines are
nearly exclusively electrocuted. Due to the low
strength of current, electrical fences used to fence
off a pasture, for example, will not harm ground-
dwelling animals. From the contact point to the
point of exit, electrical current normally takes the
quickest path through the body. The current runs
through the body's least resistant tissues, which
include neurons, blood vessels, and moist tissues.
Acute cardiac fibrillation, cardiopulmonary arrest,
or brain injury are the most common causes of
death.*

Pathological results can range from severe
thermal burns to hardly visible local markings,
especially when the tips of feathers were the only
areas of contact.

Due to the current disturbing the neurological
system, traumatic amputation of wings, legs, or
digits may occur as a result of extreme muscular
contractions. During necropsy, look for burnt
feathers on the wings and wrists. However,
because these might be difficult to tell apart from
dirt, a dissecting microscope is suggested. Using
an additional light source at 530 to 570 nm through
a red filter, burnt feathers and skin can also be
identified. Look for any discolorations on the
feet. Additionally, inspect the whole skin of the
carcass for current entry and exit holes. Only minor
charring may be visible in these holes.*#?
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Internal damage might include serious thermal
burns if the current is present in the body for an
extended length of time. Muscles may show signs
of fatigue.

Cooked appearance, discoloration, and visceral
ruptures are possible. Internal damage, on the
other hand, is essentially non-existent in several
situations when the electrocution was quite brief.

Intheskin, histopathology may reveal coagulation
necrosis and intra-epidermal separation.®

Pathalogical Finding Due to Collision With
Vechicles

Vehicles and trains may crash with a variety of
mammals and birds. A frontal collision in a small
species will result in various and severe traumatic
lesions, largely blunt force, such as bone fractures,
luxations, laceration, and ruptures of interior
organs and tissues. There will be a lot of bleeding
in different tissues. Due to projection of the animal,
coup-contrecoupe effects caused by the quick
acceleration/deceleration process in accidents, and
other factors, injuries to body parts outside of the
immediate impact location may occur. Collision
victims frequently have several abrasions on their
skin and dirt embedded in their fur.*

When large crash victims with vast muscles
and/or thick layers of fat, such as bears, are hit
in the peripheral region, only minor pathological
alterations such as bleeding in the skin and
musculature may occur. Although there may
be no visible wounds on the outside, look for
vehicle paint chips. However, due to the pressures
involved in crashes, death can result from the
rupture of internal organs and subsequent internal
haemorrhage. Larger or faster-moving vehicles can
also kill flying birds by creating a downdraft, so
there is no direct hit.*>4¢

Lung lacerations are a common occurrence in
windmill victims.

Genetic Investigation

Human forensics has used DNA analysis, the
molecules that carry genetic information, since the
late 1980s. The linear shaped nuclear DNA found
in the nucleus of a cell and the circular shaped
mitochondrial DNA found in the cell's mitochondria
are found in practically every cell of an animal.
Mature red blood cells are a significant exception
to DNA-carrying cells. Because linear shaped
nuclear DNA is very sensitive to deterioration
in disintegrating tissue, mitochondrial DNA
is frequently better suited for forensic reasons.
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Furthermore, mitochondrial DNA can be found in
hundreds of copies in a single cell, compared to only
two copies in nuclear DNA. While nuclear DNA is
transmitted down by both parents, making it more
susceptible to recombination, mitochondrial DNA
is only carried down through the maternal line,
making it more stable. However, in each forensic
case, the genetic lab will determine which DNA to
utilize, as this will be determined by the question
that the forensic genetic inquiry is addressing.**

Species Identification

Blood stains, traces of saliva, faces, feathers, and
hairs (all materials that, with the exception of hairs
and feathers, cannot be conclusively identified to
a single species) are frequently used in wildlife
crime investigations. Furthermore, because organic
tissues deteriorate to the point where it is hard
to identify the species from which they originate
based on physical traits, genetic analyses may aid
in the identification of various species. Most species
and subspecies now have publicly accessible
genetic reference databases, allowing examiners to
compare the DNA profile of a sample in issue to the
unique profiles of species in the databases.*

Population Origin

Animal or animal parts may be traced back to
their source using genetic analysis. To do so, a
reference database is required to match a sample's
DNA profile to the known diverse DNA profiles of
animals from different areas and/or populations.
Because the various DNA profiles of the nine main
populations in Europe are known, wolves can be
assigned to the population and location from where
they originated.*

Individual Identification

Reference DNA profiles of the unique individual
are required for allocating, for example, a hair
sample to a single individual or identifying an
animal found dead individually. For this reason,
it is advised that all individuals treated during
conservation initiatives, such as those bred in
captivity for release or animals taken for marking,
be sampled for genetic analysis.>

Sex Determination and Sample Matching

Male and female mammals have different DNA
sequences (for example, the XX chromosomes in
female mammals vs the XY chromosomes in male
mammals), genetic study can easily determine
the individual's gender. Genetic studies can be
performed to identify if two or more samples are
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from the same person, such as whether blood spots
on a car were from a found carcass, whether antlers
match a certain individual, and other concerns.>?

Discussion

The lack of species-specific antibodies in serological
analysis, undetectable footprints and erosions by
other animals in footprint analysis, the need for
samples in well-preserved form in microscopic
analysis, and the lack of taxonomic keys and
wild animal monographs are all major limitations
in wildlife forensics. In the current situation,
wildlife conservation is critical in order to limit
or prevent the illegal trade in wildlife flora and
fauna. Poaching, encroachment into forest areas,
and wildlife-related crimes must all be avoided.
Wildlife forensics aids law enforcement agencies
in prosecuting wildlife criminals and smugglers.
Wildlife forensics in India is still underdeveloped,
and animal officers are undertrained in applying
forensic scientific approaches to wildlife crimes.
Having a basic understanding of wildlife forensics
will greatly improve their ability to handle wildlife-
related offences. A single feature of a species, such
as hair morphology, may be shared by closely
related species. It is advisable to combine the results
of more than one technique in the case of any doubt
in species identification. Although molecular
approaches can identify a species by themselves
and are quite exact and specific, species-specific
characteristic markers are not accessible for all
species.
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Abstract

Dyadic death is a scenario of two persons dying in a series in a different manner, usually Homicide followed by
suicide. Shooting, poisoning, and hanging are the methods used for committing dyadic death. Dyadic deaths by cut-
throat methods are rarely reported in the literature due to the extremely painful and violent nature of the injury. The
interpretations of cut-throat wounds and other incised wounds could fit into both homicide and suicide. Therefore,
a thorough analysis ofthe crime scene is required for corroboration with post-mortem findings. A crime scene is a
cluster of evidence like fingerprints, footprints, bloodstains, patterns, etc. The author’s report a case of Dyadic death
involving cut-throat, stab and incised wounds. The authors intent to highlight the importance of correlating the
crime scene findings, which unveiled the sequence of events thereby helping the investigating agency.

Keywords: Murder-suicide, Dyadic death, Homicidal cut-throat, Crime scene, Defense wound.

Introduction

Dyadic death is the term used when a person kills
another and then commitssuicide.'* These deaths
happen in series, with variants, like Homicide-
suicide or Suicide-Suicide (suicide pact).> The
frequency of dyadic deaths is less in the world.® It
is commonly seen among relations like husband-
wife, husband-wife-children, brothers etc. The
common reasons being infidelity in case of couples,

while other reasons are property disputes, poverty,
and unemployment.” “Honour Killing”- a term
used in India is similar to dyadic death generally
involving homicides when son/daughter goes into
a relationship or desires to marry a person against
their family wishes out of their caste, statusor
religion. The perpetrator in the dyadic death is a
person who is in a moral or emotional relationship
with the victim like a father, brother, spouse, lover,
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co-worker, etc while the perpetrator in an honour
killing are family members.®'!

Shooting, poisoning, and hanging are the
methods in the decreasing order used for
committing dyadic death.>*'°? The perpetrator
generally uses the same weapon or method to end
their life.?*!° Cut-throat methods in dyadic death
sareless frequently reported in the literature due
to painful and violent nature of the injury.** In
case of dyadic death due to cut-throat wounds,
the autopsy surgeon significantly contributes in
establishing the sequence of events. The findings
of the homicidal and suicidal cut-throat wounds
overlap each other, as highlighted by Knight and
Saukko.'*” Hence differentiating between them
is an important part of Medicolegal investigation,
which would be difficult without proper crime
scene examination.The crime scene is a cluster with
shreds of evidence like fingerprints, footprints,
bloodstains, patterns, etc. Previous case studies
also highlight the consideration of crime scenes, to
arrive at a better conclusion regarding the sequence
of events.® The authors, performed a thorough
autopsy examination and correlated the findings
observed with the crime scene, and unveiled the
sequence thereby helping the investigating agency.

Case Report

A university student living in a rented
accommodation was not responding to multiple
phone calls. His room was broke open by his friends.
The boy along with a girl was found dead. The entire
scene of occurrence was having different patterns
of bloodstains. The girl’s body was found lying
on a king-size cot and the boy’s body was found
lying on the floor nearby. During the preliminary
assessment by police, both of them were found to
have deep cut throat injuries. Two sharp, blood-
stained kitchen knives were discovered at the scene
of the crime. Fingerprints, footprints, and samples
of bloodstains were collected by the forensic crime
team experts. Then both bodies were transferred to
Department of Forensic Medicine & Toxicology, All
India Institute of Medical Sciences (AIIMS), New
Delhi for conduction of autopsies.

Autopsy findings of the deceased girl

There was a single deep cut-throat injury on the
front aspect of the neck, with dried bloodstains on
the face depicting an arterial spurt. Vital structures
including bilateral common carotid arteries, jugular
veins, vagal nerves, esophagus, and trachea were
severed showing clean-cut edges (Fig. 1A). The
anterior aspect of corresponding vertebral bodies
showed imprinted shallow transverse sharp cuts

Fig 1A:1 - Severed upper ends of left and right common carotid artery.

2 - Horizontal cuts are also noted over the underlying vertebra.

3 - Severed upper and lower ends of Trachea.

Fig 1B: An incised wound was present at the inner aspect of the left thumb
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Fig 2A: A shallow cut-throat wound was present at the anterior aspect of the neck.

Fig 2B & C: The wound is shallow on the left side of the neck and became deeper towards the right

Fig 2D: A stab wound over the left hypochondriac region.

Fig 2E: Cadaveric spasm depicting the stab towards the left chest.

(Fig. 1A). There was air embolism to the right side
of the heart, sub-endocardial hemorrhages over the
anterior surface of the left ventricle, severe pallor,
and aspirated blood in lower airways. An incised
wound suggestive of self-protection / defense
injury was present on the inner aspect of the left
thumb (Fig 1B). She was wearing a pair of pink
socks devoid of bloodstains.

Autopsy Examination of deceased boy

A cut-throat wound was present at the anterior
aspect of the neck of the boy (Fig 2A). The wound
was shallow on the left side of the neck and became
deeper towards the right with a clean cut edge
(Fig 2B). The external jugular vein on the right
side, the airway at the level of the thyrohyoid
membrane was severed (Fig 2C). A single deep
transverse incised wound on the front of the left
forearm transecting all flexor muscle bellies and
tendons was present. Multiple linear superficial
incised wounds suggestive of hesitation cuts were
present in front of the left lower forearms. A stab
wound just piercing the diaphragm was noted in
the left hypochondriac region (Fig 2D). Both the
layers of cloth worn by the boy showed fresh cuts
corresponding to the stab injury. Air embolism
and aspiration of blood into the lower airway, and
generalized pallor were observed.

Discussion

A cut-throat injury could be a homicide, suicide, or

an accident on rare occasions.” Thus, an autopsy
surgeon needs to analyze every single factor while
framing an opinion. In our case both the girl and
boy were known to each other, studying in the same
college and allegedly in a relationship, indicating a
possibility of a suicide pact. The door was locked
from the inside ruling out outside interference. The
literature review suggested that the perpetrators
in extra familial homicides suicides could either be
adults or adolescents. Adolescents when compared
with adults were less likely to complete suicide
following the homicide.’

There were no hesitant cuts on the body of the
girl. The cut-throat wound was a single sharp clean
cut, severing both the carotids. Two horizontal
cuts were also noted over the underlying vertebra.
Homicide wounds are deeper, extending to the
vertebra due to the excessive use of force by
the assailant.” The same was also observed in
the present case. An incised wound suggesting
defensive action of the deceased was also present
onthe inner aspect of the left thumb. Défense
wounds were more commonly present in homicide
cases contradictory to hesitation cuts which are
characteristic of suicidal cases.”* According to
Taylor, defense injuries arose when the victim tried
to defend themselves and the palmar surface of
the hand was the most commonest site to occur.?
Knight and Saukko pointed out that web space
between the base of the thumb and the index finger
to bea most common site for defense wounds due
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to the pincer action. Kumar* had reported the
presence of hesitation cuts in a homicidal cut-throat
to the neck. They justified that on the repeated
cutting of the neck by the assailant, hesitant cuts
can be produced. However, our case finding
corresponds to Yadav et al. with the presence of a
combination of a cut-throat wound and a défense
wound."” The presence of defense wounds on the
girl’s hand and horizontal cuts at the vertebra ruled
out the possibility of a suicide pact.

The cut-throat wound found on the boy’s
neck was muscle deep severing the thyrohyoid
membrane and external jugular vein with less
severity when compared to the girl’s wound. The
findings observed followed the mechanism as
depicted by Knight and Saukko as well as Taylor.
22 There was no injury found to the carotid arteries
due to the hyper extension by the boy at the time
of severing the neck which protected the carotids
in the carotid sheath, as it lied posterior to the
sternocleidomastoid, even though, a cut was noted
on both sternocleidomastoid muscles.

A single stab injury over the left chest pierced
the diaphragm without any damage to the heart
and lung. The manner was concluded as a suicidal
stab wound considering the number and site which
was congruent with literature. The deceased had
stabbed the chest through his clothing while the
literature highlighted that the deceased removes
the clothing before stabbing. Also, there were
multiple horizontal fresh tentative cuts noted over
the inner aspect of the left wrist joint and forearm.
The incised wound at the wrist joint was deeper to
transect the tendons. The cadaveric spasm of the
right hand depicted the posture of the deceased
stabbing his left chest. The posture was flexion at the
wrist with all fingers incompletely flexed enough
to hold the knife recovered from the crime scene
(Fig 2E). All the above-mentioned points favoured
that the boy had completed the homicide suicide
act. Further, the secured crime scene was visited
post autopsy by autopsy surgeons. The room was
locked from the inside during the incident as per
the investigating officer and evidence of a broken
lock was present. The arterial spurt pattern was
observed on the wall corroborating with the girl’s
head position,who was lying on the bed. Blood
stained footprints of the boy were identified due to
the evident disparity in dimensions of the foot of
both, which was noted during the autopsy. Later,
police also recovered a vague suicide note written
in the boy’s personal diary.

Conclusion

The detailed workup of the case helped in unfolding
the sequence of events that occurred during the
death circumstance. In such cases, there is a thin
line of demarcation in interpreting the incised
wounds and cut throat wounds into homicide
or suicide and needs cautious approach. Hence,
proper correlation of findings at autopsy along
with crime scene findings should be done like in
the present case which helped in unveiling the role
of the assailant.
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