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Editorial

Dr. A K Jaiswal

In the ever-evolving landscape of forensic
science, the disciplines of forensic chemistry and
toxicology stand out for their critical contributions
to criminal justice, public health, and safety. As
we navigate through the complexities of modern
forensic investigations, it becomes imperative to
acknowledge both the remarkable advancements
and the persistent challenges that define our field.
As we publish this issue of the Journal of Forensic
Chemistry and Toxicology, we invite our readers
to explore the diverse array of research articles,
reviews, and case studies that reflect the current
state and future directions of our field. Together,
let us continue to push the boundaries of forensic
science and strive for excellence in our pursuit of
truth and justice.

In this edition through the article "Stature
EstimationfromForamenMagnumMeasurements
in North Indian Population using Postmortem
Multidetector Computed Tomography," the
author presents a novel approach to stature
estimation using the dimensions of the foramen
magnum in the North Indian population. By
employing postmortem multidetector computed
tomography (MDCT), the authors provide a
non-invasive and precise method for forensic
anthropologists and pathologists. This research
not only enhances the accuracy of biological
profiling in forensic cases but also underscores the
importance of population-specific standards in
forensic analysis.

Through the article "Forensic Examination of
Paint Samplesusing Thin Layer Chromatography,
Fourier Transform Infrared Spectroscopy,
and Atomic Absorption Spectroscopy", the
writer explores the combined use of thin-layer
chromatography (TLC), Fourier transform
infrared  spectroscopy (FTIR), and atomic
absorption spectroscopy (AAS) to characterize
paint samples. The integration of these techniques
offers a comprehensive analytical framework,
improving the reliability and discriminatory
power of forensic paint analysis.

@@@@ This work is licensed under a Creative Commons
BY

[METM Attribution-NonCommercial-ShareAlike 4.0.

Through the article "Comparative Analysis of
DNA Extraction Techniques and Their Analysis
from Blood-Stained Clothes", theauthor compares
various DNA extraction techniques to determine
their efficacy in retrieving genetic material from
blood-stained clothes. By evaluating the yield,
purity, and quality of DNA obtained, the authors
provide valuable insights that can guide forensic
practitioners in selecting the most effective
methods for processing biological evidence in
criminal cases.

Through the article ""H-NMR based Metabolic
Fingerprinting in Forensic Investigations", the
author highlights the potential of proton nuclear
magnetic resonance ('H-NMR) spectroscopy in
metabolic fingerprinting for forensic purposes.
The authors demonstrate how 'H-NMR can be
used to identify and quantify metabolites in
biological samples, providing a powerful tool for
forensic toxicologists. The study emphasizes the
role of metabolic profiling in detecting substance
abuse, poisoning, and other forensic toxicology
applications.

In the review article "Flavored Hookah Abuse:
An Alarming Toxicity of Concern among
Youths", the increasing popularity of flavored
hookah among youths poses significant public
health concerns. This review article examines the
toxicological implications of hookah smoking,
focusing on the harmful effects of flavoring agents
and the associated risks of addiction and disease.
The author calls for heightened awareness and
regulatory measures to address this emerging
threat to youth health.

The Case Report "Natural Death Turned
Unnatural", details a seemingly natural death
that, upon further forensic investigation, revealed
elements of foul play. The authors discuss the
investigative process, the forensic evidence
gathered, and the conclusions drawn, highlighting
the importance of thorough forensic examinations
in uncovering hidden truths.



In the case report "Don't Cry Over Spilled Milk:
A Case Report on Intoxicating Mystery for Forensic
Chemistry", the authors unravel a perplexing case
of intoxication involving a seemingly innocuous
substance-milk. Through meticulous chemical
analysis, the forensic team identifies the presence of an

46060000

intoxicant, demonstrating the critical role of forensic
chemistry in solving unusual poisoning cases.

We hope these contributions will inspire further
research and collaboration, ultimately enhancing
our ability to serve justice and public safety.

Journal of Forensic Chemistry and Toxicology / Volume 10 Number 1/ January - June 2024
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Stature Estimation from Postmortem Multidetector Computed
Tomography (PMCT) Foramen Magnum Measurements in
North Indian Population

Karthi Vignesh Raj K!, Abhishek Yadav? Sudhir K Gupta’,
Abilash S* Swati Tyagi’, Gokul G, Manju Kumari’
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Abstract

Background: The present study is an attempt to estimate stature from the measurements
of Foramen Magnum using postmortem multidetector computed tomography (PMCT)
in the North Indian population. Foramen Magnum Length (FML) and Foramen Magnum
Breadth (FMB) measurements for every skull were taken using the PMCT of 100 North
Indian people.

Materials and Method: PMCT examination was performed using a 16-slice MSCT
spiral scanner, Cannon Medical Systems, results were evaluated with the Vitrea
software v.6.9.1. The images were viewed using Multiplanar Reconstruction and Volume
Rendering technique (MPR-VRT). STAT, FML, andFMB were measured and analyzed

Results: The study population comprised 57 males and 43 females with a mean age
of 38.3 years, respectively. Regression analysis was used in stature estimation from FML
and FMB. The standard error of estimate (SEE) of the FML was 6.18 and FMB was 6.64 for
the combined population while SEE ranged from 4.77 to 5.21 cm for the male population
and 6.18 to 6.30 cm for the female population respectively.

Conclusions: This study is the first to provide a metric and statistical analysis of the
Foramen Magnum measurements in Northern India using PMCT and concluded that
stature estimation is highly possible with minimum SEE from the Foramen Magnum
measurements. Furthermore, the equations derived to estimate stature in this study can
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INTRODUCTION

Forensic medicine is “the application of the
principles and knowledge of medical science
along with circumstantial evidence, to legal
investigators and proceedings in courts of law to
help in the administration of justice”.! Forensic
anthropology is the application of anthropological
methods and theoretical knowledge in matters of
legal concern.? Forensic anthropology is mainly
concerned with creating a biological profile of
the retrieved unknown skeletal remains. This
biological profile is formed from the “BIG FOUR”
i.e., Stature, Race, Sex, and Age of an individual. In
other words, BIG FOUR helps the legal authorities
in the circumstantial identification of an unknown
individual. Identification is defined as “the
determination of the individuality of a person”.?
Absolute identification is highly dependent on
DNA profiling and Fingerprinting while Partial
identification is the “ascertainment of only some
features like stature, race, sex, age.*

The previous studies had concluded that long
bones are the better predictor of stature®’, however,
newer studies are being conducted to prove the
efficiency of other smaller bones of the body.*"* The
probability of retrieving the intact long bone when
compared to other parts, particularly in scenarios
involving mass disasters, burns, or mutilated
skeletal remains is less common demanding the
researchers to conduct newer studies on the smaller
bones which helps in better prediction of stature
and thus increasingthe chances of identification
of the unknown individuals. In comparing the
methodologies used to conduct the study, earlier
researchers performed the traditional methods
of using measuring tapes and vernier caliper to
measure the bones either in a percutaneous manner
in the case of living subjects or by measuring
from the bony landmarks after dissection in case
of deceased subjects. However, the application of
evolving Postmortem Multidetector Computed
Tomography (PMCT) has helped researchers to
a great extent that any part of the body can be
studiedin both living and dead subjects without
mutilation in the case of dead subjects and
maintaining the dignity of the dead.

The foramen magnum is the most vital structure,
observed to have various shapes situated in the
occipital bone of the skull base surrounded by
many soft tissues. It helps in holding the face and
ensures communication between the brain and
other parts of the body."'® The shape and size of
the Foramen Magnum (FM) are one of the criteria
in clinical assessment for various surgeries related

to several pathological conditions. Even though the
skull has various other orifices and foramen, FM has
a significant role both for clinicians for treatment,
and diagnosis purposes, as well as for the forensic
anthropologist for identification purposes.”
The literature available to estimate stature from
FM is very less, however, very few authors had
studied the sex determination from FM based on
morphometry. Hence, the author’s main objective
was to provide a metric and statistical analysis of
the FM measurements in Northern India using
PMCT which is the latest advancement in Indian
Forensic Medicine.

METHODS

1. Sample collection

This cross-sectional study was conducted
under the project of the Center for Advanced
Research and Excellence in Virtual Autopsy at the
Department of Forensic Medicine and Toxicology,
All India Institute of Medical Sciences (AIIMS),
New Delhi. This is a collaboration established
by the two-premier institutes of the country i.e.
Indian Council of Medical Research, New Delhi,
and AIIMS, New Delhi. The PMCT functioning
commenced on the 10th of August 2021 and by the
end of the year, almost 597 PMCT examinations
were completed. The data utilized in the present
study were obtained from the deceased who
underwent routine PMCT examination before
conducting of autopsy examination. There was a
variety of cases like road traffic accidents, falls from
height, gunshots, electrocution, railway accidents,
poisoning, hanging, strangulation, sudden death
cases, etc. Northern India has the following states:
Delhi, Haryana, Himachal Pradesh, Jammu and
Kashmir, Uttar Pradesh, and Uttarakhand.Almost
all the bones altering the stature fuses by 21 years,
the deceased who were more than and equal to 21
years of age were included in the study. The study
participants who had sustained a fracture of any
bones of the body modifying the stature, had any
deformity of spine altering the stature, with notable
gross congenital cranial defects or skull fracture
altering the measurements of the foramen magnum
were excluded from the study. A total of 100 study
participants were recruited for the study who were
born and brought up in different states of Northern
India abiding by the inclusion and exclusion
criteria. A temporary identification consisting of
details like serial number, postmortem no, age,
sex, and locality was created in a data collection
proforma before collecting the data.
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2. Anthropometric measurements

PMCT examination was performed using a
16-slice MSCT spiral scanner, Cannon America
Medical Systems, Inc Aquilion Lightning TSX-035A
CT. Scanning parameters were 120kV and 70 mAs.
16 x 1 mm collimation was used for all the cases
for data acquisition. All the raw data was processed
into slices of Imm thickness. The results of the
study were evaluated with the Vitrea software
v.6.9.1. The images were viewed using Multiplanar
Reconstruction and Volume Rendering technique
(MPR-VRT). Three variables were measured from
the reconstructed imagesas shown in Fig. 1(a):
Stature (STAT), Fig. 1(b) Foramen Magnum Length
(FML), and Foramen Magnum Breadth (FMB). All
the variables were measured using the electronic
cursor (distance tool) available in the software and
data were entered directly into a data collection
proforma initially followed which was updated in
Microsoft Excel 2016 Spreadsheet.

STAT

The starting point on the head end was from the
most distal part of the vertex and the ending part
in the lower limb was the distal-most part of the
calcaneum.

FML

It is measured as the distance between opisthion
and endobasion.

FMB

It is measured as the maximum width of the
foramen magnum. Measured perpendicular to
FML (Fig. 1).

bt Y ////f-
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3. Statistical Analysis

All these measurements were assessed twice by
the investigator to ensure the intra-rater reliability
of the measurement. Inter-rater reliability was
assessed by measuring the parameter of randomly
selected 20 cases by an independent person. All
lengths were measured in centimeters to the
nearest 0.Imm. The obtained data were tabulated
and analyzed with the Kruskal-Wallis H test. The
data on STAT, FML & FMB obtained from PMCT
images was expressed as mean with SD and range.
The linear relationship between the STAT and
FML, STAT and FMB had been explored by using
correlation analysis. Regression analysis both linear
and multiple was used to establish the relationship
between STAT and FML, STAT and FMB. All
statistical analyses were carried out at a 5% level of
significance using IBM Statistical Package for Social
Sciences (SPSS)(v.23.0).

RESULTS

1. Intra-observer error and Inter-observer

The intra-observer reliability (consistency)
was assessed by using the test-retest method by
measuring the length 2 times by the observer and
the mean values were considered for analysis. Inter-
observer reliability was carried out by measuring
the length by two independent observers. The
reliability was explored by using Cohen’s kappa.
It was observed that both intra and inter-observer
reliability on the measurements were found to be
98% for STAT, 97% for FML, and 98% for FMB.

Fig. 1(a): Stature estimation using PMCT, Fig. 1(b): Measurements: FML & FMB
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2. Sexual Dimorphism

The Kolmogorov-Smirnov test and Shapiro-Wilk
test were conducted on FML and FMB to check for
the normality of the population. The results reported
that both were not normally distributed. Hence,
the Kruskal-Wallis H test and Mann-Whitney test
were performed. It was concluded that there was
a significant difference in FML and FMB between
male and female populations (p<0.05).

3. Descriptive statistics

100 subjects participated in this study, among
which 57 (57%) were males and 43 (43%) were
females. The randomly collected 100 population
subjects, were further segregated according to

age and gender. The descriptive statistics for
the entire population, males and females are
presented in Table 1. The independent variable
age was mentioned in years, all the other outcome
variables were measured in cm. The mean FML
(anteroposterior diameter) of the study population
was higher than the mean FMB (transverse
diameter). Similarly, the mean anteroposterior
diameter was greater than the mean transverse
diameter in both the male and female populations.
The male population had a higher mean FML and
mean FMB than the female population. However,
the maximum transverse diameter was the same
in both male and female populations while the
females showed a lesser value of minimum FML,
maximum FML, and minimum FMB.

Table 1: Descriptive Statistics [* age in years, all measurements are in cms]

Sex/ Combined Male Female
Parameters Mean (SD) Range Mean (SD) Range Mean (SD) Range
Age 37.3(14.94) 21-77 37.14(13.88) 21-70 39.97(16.28) 21-77
STAT 159.25(8.85) 138.5-179.4 163.9.25(6.49) 150.3-179.1 153.1(7.74) 138.5-179.4
FML 3.71(0.65) 2.21-5.97 3.95(0.65) 2.21-5.97 3.40(0.52) 2.24-4.92
FMB 3.17(0.60) 1.86-4.97 3.36(0.58) 2.49-4.97 2.91(0.53) 1.86-4.97

STAT - Stature, FML - Foramen Magnum Length,
FMB - Foramen Magnum Breath, SD - Standard
Deviation

4. Correlation analysis

The correlation coefficient determines the strength
and the direction of a linear relationship between
two variables. Pearson correlation was used to
determine the association between FML and STAT.
There was a significantly higher correlation (p<0.01)
observed between STAT and FML, STAT and FMB
for both combined and gender-wise populations.

There was a significant positive correlation with a
higher correlation coefficient for the anteroposterior
diameter than the transverse diameter. After
clustering the sample population based on gender, a
significant positive correlation was observed between
STAT and FML measurements (p<0.05). Pearson
correlation coefficients of the male population were
greater than the female population. Similarly, the
Pearson correlation between STAT and FMB showed
a significant positive correlation (p<0.05). The male
population had a better correlation than the female
population. (Table 2).

Table 2: Pearson Correlation Coefficient and Linear Regression Equations (LRE) for estimation of stature (cm)

Sex LRE SEE R R P
Combined $=123.15+9.71* 6.18 052 0.72 P<0.001
(n=100) (FML)
S=12832+9.77* 6.64 0.44 0.67 P<0.001
(FMB)
Males S=136.92 + 6.82* 477 047 0.69 P<0.001
(n=57) (FML)
S=14134+6.71* 5.1 037 0.61 P<0.001
(FMB)
Females S=121.62 +9.25* 6.18 0.38 0.62 P<0.001
(n=43) (FML)
S=127.73 + 8.71* 6.30 0.36 0.60 P<0.001
(FMB)
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5. Multiple regression analysis

The accuracy of estimating the stature can be
increased by the application of numerous regression
equations.” Thus, the authors formulated multiple
regression equations to examine the human height
estimation accuracy presented in Table 3. This study

achieved a higher stature estimation accuracy in
multiple regression equations in all cases due to
higher values of R (R: 0.75 for the combined dataset,
R:0.71 for males, and R: 0.67 for females). In addition,
lower SEE values (+ 5.93 cm for the combined data
set, £ 4.66 cm for males, and + 5.92 cm for females).

Table 3: Multiple Regression Equations (MRE) for estimation of stature(cm)

Sex R R SEE MRE P
Combined (n=100) 0.75 0.56 593 120.07 + 6.74(FML) P<0.001
+4.46 (FMB)
Male (n=57) 0.71 0.50 4.66 134.32 +5.09 P<0.001
(FML)+2.82 (FMB)
Female (n=43) 0.67 0.44 5.92 118.54 + 5.92(FML) P<0.001
+4.93 (FMB)

DISCUSSION

The sole purpose of performing metric analysis of
the bones of the human body is to find the stature of
an individual from an unknown bone. This would
be helpful in scenarios where a skeletonized body is
received for identification purposes. However, the
stature estimation will be a million-dollar question
particularly if the sex of the bone is not known.
Hence, the researchers suggested that stature
estimation should succeed the sex determination.”
The stature is estimated purely based on regression
equations derived from the metric analysis of the
various bones. The present study confirms that the
foramen magnum can be utilized for the estimation
of the stature of an abandoned skull from the North
Indian population. The stature can be correlated
even though gender is unknown, with the help of
the regression equation specific to the population
with a minimal SEE (6.18 for FML and 6.64 for
FMB) and higher coefficient of determination (0.52
for FML and 0.44 for FMB). Yaming Cui et al in their
study on metric analysis of the foramen magnum
region on the Chinese population observed a SEE

of 7.03(FMB) for the regression equation specific
to their population. They observed a correlation
coefficient of 0.31(FMB), p<0.01 and 0.71(FML),
p>0.01 while the authors of this study observed
0.67(FMB), p<0.01 and 0.72(FML), p<0.01. The wide
variation in the results could be due to the variation
in the procedures undertaken in the study. The
present study performed the measurements
with the help of the PMCT software without any
treatment of the bones and the electric cursor
was used to measure the most exact dimensions.
However, the authors of the Chinese study used
vernier calipers to measure the measurements of
the foramen magnum. The other difference could
be the reduced sample size in the present study
as the authors of the Chinese study analyzed 276
subjects.'

The comparative analysis of the correlation
coefficient and SEE of the present study with a
few other studies showed that the current study
had a higher correlation, better coefficient of
determination and lesser SEE in both gender with
a P value <0.001 [Table 4].

Table 4: Comparison of the present study with other studies - Males & Females

Author, Place (year) Variables Correlation P Value SEE R?
(Sample size) Coefficient
Males

Babu et al., South India FML (51) 0.063 0.471 - -
(2014)

FMB (51) 0.344 0.001 - -
Villarreal M, FML (117) 0.18 (0.05) 0.059 - -

i i 2
American White (2015)* FMB(117) 0.30 0.001 582 -
Zhan M J et al., FML (200) 0.15 0.035 6.28 -
7 1
Chinese (2019)* FMB (200) 0.34 <0.001 5.97 -
Table Cont...
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Gilbe PSetal, FML (81) 0.69 - 5.6 0.48
Western India (2020)* FMB (81) 075 ) 51 056
Present Study (2021) FML (57) 0.69 <0.001 4.77 047

FMB (57) 0.61 <0.001 5.21 0.37

Females

Villarreal M, American FML(115) 0.14 0.14 - -
White (2015)*

FMB(115) 0.15 0.11 - -
Zhan et al., Chinese FML (200) 0.12 0.120 5.79 -
(2019)

FMB (200) 0.26 0.261 5.63 -
Gilbe PSetal., FML (55) 0.45 - 6.9 0.20
Western India (2020)*

FMB (55) 0.68 - 5.6 047
Present Study (2021) FML (43) 0.62 <0.001 6.18 0.38
Present study (2021) FMB (43) 0.60 <0.001 6.30 0.36

However, these differences in results observed
among the studies listed could be due to differences
in region, race, occupation, socioeconomic and
nutritional factors as stated by the previous
researchers?2¢ in addition to differences in sample
size between the present study and other studies
compared. The correlation coefficient of FMB
with STAT was better among Nagpur males and
females when compared with the North Indian

males and females of the present study.” The
comparison of the morphological pattern of FM
observed in the current study when compared
with other studies”? confirmed the presence of
variation in the anteroposterior diameter and the
transverse diameter. The morphological results of
the present study showed that the anteroposterior
diameter is more than the transverse diameter
(Table 5).

Table 5: Comparison of FML and FMB various studies with present study-Population Specific, Male Population and Female

Population.
FML FMB

Study (year)

Min Mean Max Min Mean Max

Population Specific
Cui Y et al., Chinese (2013)* 2.32 3.57 451 2.51 3.03 4.03
Cui Y et al., South Chinese (2013)* 2.32 3.56 4.51 2.62 3.04 3.68
Cui et al., North Chinese (2013)* 3.08 3.57 4.22 2.57 3.06 4.03
Moodley M et al., South Africa (2019)* 2.63 3.52 415 2.36 2.87 3.71
Kumar A et al., Northern India (2018)* 3.22 3.41 3.62 2.58 2.82 3.08
Present study (2021) 221 3.71 5.97 1.86 3.16 497
Male Population
Kanchan T et al., Mangalore (2013)% 2.70 3.45 410 2.30 2.73 32
Babu ef al., South India (2014)* 3.3 3.89 49 2.9 3.32 4.6
Villarreal M, American White (2015)* 2.87 3.77 4.58 2.76 3.21 3.92
Table Cont...
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Zhan et al., Chinese (2019)" 2.83 3.45 4.23 240 293 3.49
Moodley M et al., South Africa (2019)% 2.84 3.57 4.16 2.47 2.94 3.51
Gilbe P S et al., Western India (2020)* 1.9 31 3.8 2.3 29 3.5
Present study (2021) 221 3.95 5.97 2.49 3.36 4.97
Female Population
Kanchan T ef al., Mangalore (2013)* 2.70 3.36 3.90 2.2 2.67 3.1
Villarreal M, American White (2015)* 2.57 3.65 4.58 2.39 3.13 3.92
Zhan et al., Chinese (2019)™ 2.89 3.35 4.07 2.39 2.89 351
Moodley M et al., South Africa (2019)% 2.67 3.43 3.87 2.38 2.79 3.71
Gilbe P S et al., Western India (2020)* 1.5 2.7 3.3 21 2.6 3.1
Present study (2021) 2.24 3.40 492 1.86 291 4.97
However, several researchers had studied  of both the FML and FMB dropped down from

various shapes of the foramen magnum and
estimated sex”, which the authors of the present
study would explore in the future. An age-wise
analysis concluded that the anteroposterior
diameter continued to be greater than the
transverse diameter as aging happened. However,
the mean FML and mean FMB in the second decade
were lesser when compared to the mean FML and
mean FMB in the third decade. The mean values

the fourth decade onwards (Table 6). This finding
was contradictory to the observations of Hoyte®
and Scheuer and Black® that bone resorption in
the older stages of life causes an increase in the
dimension of the foramen magnum region as the
present study reports a decrease in the diameter as
the aging happens. However further studies on the
Indian population should validate our findings for
a better understanding.

Table 6: Comparison of FML and FMB age-wise; Males and females separately

FML FMB
Years N Min Max Mean SD Min Max Mean SD
21-30 41 2.67 5.49 3.73 0.60 2.39 497 3.24 0.65
31-40 22 2.82 5.97 3.89 0.79 1.94 4.87 3.61 0.72
41-50 15 221 447 3.46 0.59 2.39 4.05 3.28 0.39
51-60 12 2.86 4.35 3.38 0.68 1.86 3.78 3.15 0.59
>60 10 2.79 414 3.15 0.40 2.68 3.71 3.04 0.34

The derived regression equation was validated
by applying it to 10 randomly selected males and
females respectively from the study population.
The calculated stature observed on the application
of the FML equation showed less difference in
values than the FMB equation. The magnitude of
the difference between observed and calculated
stature is less than 2cm when FML equations were
applied and less than 4cm when FMB equations
were used. On applying the FML equation, 40% of
males showed a difference of less than 0.5cm, 20%

showed a difference in the range of 0.5-1cm, and
40% showed a difference of 1-1.5cm. The female
population using the FML equation showed a
similar result however 10% of the females showed
a difference of 2.2cm. On the other hand, when
the FMB equation was used, 80% of both males
and females showed a difference of less than 3cm
and 20% of both males and females respectively
portrayed a difference in the range of 3cm to 4cm.
Hence, the inference from the validation of the
equations suggested that four proposed equations
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for estimating stature based on the FML and FMB
are of practical value when the gender of the skull
was known.

CONCLUSION

Linear regression equations for stature estimation
from FML and FMB were established in this study.
The correlation coefficients between STAT and
FML, and STAT and FMB were highly significant
and strongly correlated. The authors conclude that
foramen magnum measurements in the North Indian
population can be considered a reliable predictor of
stature. Thus, in scenarios where an isolated skull
is retrieved, the linear regression equations can still
assist in measuring the possible stature.
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Abstract

The advancement of forensic DNA analysis has revolutionized criminal investigations,
providing crucial evidence for identifying suspects and establishing their involvement in
various crimes. The extraction of DNA from blood stains is a fundamental step in forensic
investigations, enabling the profiling of individuals for identification and genetic analysis.
The objective of this research is to evaluate and compare the DNA extraction methods on
different fabric types, which is cotton, and silk. Blood stains were spotted in both the cloths
and incubated for a certain period of time. After which, DNA extraction was done using
phenol chloroform method. The quality and quantity of the extracted DNA are assessed using
established techniques such as Gel electrophoresis and qPCR amplification. The results of
the experiments indicate variations in the efficiency of DNA extraction methods depending
on the fabric type. Ideally both the fabrics have shown similar pattern of DNA recovery but
Cotton fabrics demonstrate higher DNA recovery rates, of DNA recovery but Cotton fabrics
demonstrate higher DNA recovery rates, compared to silk fabric but this is non-significant. In
conclusion, provides valuable insights into the challenges and opportunities associated with
DNA extraction from blood stains on different fabrics for forensic investigation profiling. The
research findings contribute to the advancement of forensic DNA analysis and offer practical
guidance for forensic scientists to optimize their methods when handling blood-stained fabric
evidence. Further research and development in this field will undoubtedly strengthen the
forensic community’s ability to solve crimes and administer justice with greater accuracy and
reliability.

Keywords: DNA Extraction; Human DNA; Forensic DNA.
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way, forensic analysis is a specialty that studies
psychological, physical, chemical, and biological
phenomena that can affect humans including
aspects of human identification, criminal, civil,
labor, and administrative image examinations,
forensic investigation etc.? Watson and Crick,
identified the double helix structure of DNA. DNA
can be found on clothes even by brief skin contact,
clothing articles from crime scenes are frequently
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submitted for trace DNA analysis to identify
someone other than the wearer.® Numerous
research has examined the intricacy of DNA
transfer in recent years,* beginning with the active
transfer of DNA from a human to an object. To the
best of our knowledge, exposure to bodies of still or
moving water was not one of these circumstances.
Only tests using a washing machine have been
used to evaluate whether epithelial or blood DNA
remains after coming into contact with water.”!
For instance, it is necessary for DNA isolation
from scientific crime scene materials to be efficient
in eliminating a varied range of environmental
impurities/inhibitors that impede subsequent
PCR operations, such as denim dyes, humic acid,
and tannins. The DNA extraction procedure is less
complicated and may even be bypassed entirely for
eg blood or buccal samples in order to save time.'!?
Although, usefulness of a sample in criminological
background is ultimately defined by the capacity
to construct a DNA profile, DNA quantification is
typically performed to control the efficacy of the
extraction stage. To avoid overloading the PCR
master mix with too much DNA, the information
on the quantity of DNA is utilized to estimate the
right amount of DNA to be added. Contrary to
particular DNA-based hybridization tests, common
quantification approaches employ photometric/
fluorometric assessment of the DNA amount,
which are indifferent to the source of DNA."**> The
experiment is carried out using a device that can
measure fluorescence at each PCR cycle straight
through the cover of the reaction tube, allowing for
online detection. In the annealing phase, the probe
precisely binds to the product as the amplicon
builds up during the reaction. Taq polymerase
uses its 5'-exonuclease activity to cleave the probe
during the extension phase, separating the quencher
and fluorochrome molecules in the process.'*"
Fluorescent signal is now being detected and
released. By computing the actual template copy
number from the calculated Ct value, this line can
be used to determine the assay’s active range and
to quantify the amount of starting specified DNA
from an unidentified sample.

METHODOLOGY

Requirement

Reagents: Solution B, 20% SDS, Proteinase K
enzyme, Phenol chloroform Isoamyl alcohol
mixture (25:24:1), Sodium acetate (5M, pH 5.2),
Chilled Isopropanol (IPA), 70% ethanol, Nuclease
free water, Eppendorf tubes 2 ml, Micropipette.

Agarose 1% agarose, 10X TAE buffer, Loading dye
- 0.25% bromophenol blue, 0.4 M tris, 48.5g per L,
Ethidium bromide (10mg/ml).

Equipment: AgaroseGel Electrophoresis, Real-
Time Polymerase Chain Reaction.

Standard preparation

i. Solution B (pH 8.0): Dissolved in 15ml, 1M
NaCl in 40ml, 1M trisHCI (pH 8), and added
10ml of 0.5 M EDTA in 95ml distilled water.
Autoclaved the content and cooled it at room
temperature. Then, 5ml of 20% SDS solution
were added to this mixture and mixed it
well.

ii. 20% SDS: Added 20g SDS in 100 ml of distilled
water. Mixed it well and gently.

iii. Proteinase K: 10mg of Proteinase K was
added in 1 ml autoclaved distilled water.

iv. Phenol-Chloroform Isoamyl Alcohol Mixture
(PCI): 25 ml saturated phenol with 24 ml of
chloroform and 1 ml of isoamyl alcohol.

v. 5M Sodium Acetate: 41g sodium acetate in
100 ml distilled water (pH 5.2).

vi. Isopropanol: Kept the IPA in -200C before
use.

vii. 70% Ethanol: 70 ml absolute ethanol dissolved
in 30 ml distilled water.

Sample collection: blood stains of 150 pl each
were taken on silk and cotton cloth, collected
from a single person. a total of 30 bloodstains
were collected. The samples were stored at Room
temperature (RT). Spots from silk cloth were
coded VS1-VS15 and spots cotton were coded
as VC1 - VC15. The samples were incubated at
respective temperatures for 15 days before further
processing.

Sample Pretreatment: 6 samples were processed
every alternate day for DNA extraction.
Procedure

DNA extraction from blood stain on cloths:
i. Weighed the cloth and cut it in pieces.

ii. 1.5 ml Solution B, 50 pl 20% SDS and 5 pl
Proteinase K was added to the cut cloth.
prepared mixture incubated at RT overnight.
After 24 hours again incubate the mixture
56°C for 45 mins.

iii. Transfer a fresh tube and 250 pl of Sodium
acetate and 500 pl of PCI mixture were added
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in the tube, and mixed it well.

iv. Centrifuged the mixture at 10,000 rpm for 15
minutes.

v. Threelayers were formed. Carefully the upper
layer which contains DNA was transferred in
a fresh tube.

vi. 500 pl of chilled IPA was added to precipitate
the DNA. Incubate the mixture at -20°C
overnight.

vii. Centrifuged the mixture at 10000 RPM for 10
min. Discarded the supernatant.

viii. Pellet was washed with 500ul 70% ethanol
by centrifuging the content at 10000 RPM for
5 mins. Supernatant was discarded and the
pellet was air dried.

ix. After air dry the DNA pellet was dissolved in
15 pl of Nuclease free water.

x. The dissolved DNA was visualized under UV
in agarose gel electrophoresis.

Agarose Gel Electrophoresis

i. Diluted 10X TAE buffer to 1X for gel
formation. (Mixed 3 ml TAE with 27 ml d/w
to make it 1X). Mixed 300 mg agarose with 30
ml 1X TAE buffer in a flask.

ii. Heated the flask and dissolved the agarose.
Heat protecting gloves were used when
heated the agarose.

iii. The agarose when dissolved, but not in a
boil. Once fully melted and allowed it to cool
without setting and the edges of a gel-casting
tray was sealed with tape.

iv. 0.5 pl of ethidium bromide added to the
agarose solution at about 60°C and gently
mixed then a fine comb inserted into the
casting tray.

v. Poured the agarose to a depth of about 1 cm
and allowed it to solidify and removed the
tape and 10pl of a 500pul DNA sample were
taken 2.5 pl loading dye as added.

vi. 1pl of 1kb ladder (in refrigerator), 9pl water,
and 2.5 pl loading dye was used as a marker.

vii. Filled the tank to adjust above the gel bed
using 1X TAE buffer and gel was placed in
the tank ensured that the gel was submerged.

viii. Samples wells were filled with samples and
run at 80V for about an hour until the front
dye reached the bottom of the gel.

ix. electrodes are bubbling indicated that the

circuit was complete.

x. After the electrophoresis photographed the
gel under UV trans-illumination.

Real-Time Polymerase Chain Reaction

g-PCR is a method for the quantitative detection
of specific DNA or complementary DNA (cDNA)
regions by selective amplification.

Preparation of master mix for g-PCR and running the
gPCR: Reaction mixture was prepared for the total
volume of 10ul.The amplification cycle was carried
out for 45 cycles leading to the last stage of PCR
which was melting.

Table 1: Reaction mixture for g-PCR

Content Volume (ul)
2X gPCR Mix 5

Fw Primer (n65) 05

Rv Primer (n65) 0.5
RNAse free water 3.8
Sample (DNA) 0.2

Table 2: Steps in q-PCR

Contents Temp(°C) Duration
Pre-denaturation 95 3 mint
Denaturation 95 10 sec
Annealing & 60 20 sec
Melting 72 3 min

RESULTS AND DISCUSSIONS

From theresults obtained after gel electrophoresis
it can be clearly seen that the blood samples from
both the cloths have yielded similar intensity
of DNA. So, it can be inferred that DNA can be
retrieved from the both types of cloths.

| Cotton cloth silk cloth
| !

1 2 3 a 5

Fig. 1. Gel image of DNA bands under UV
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qPCR Analysis: The technique most frequently
used for DNA quantification and quality analysis in
the past was spectrophotometry, which allows for
the assessment of the amount and purity of DNA
in a sample in respect to possible impurities like
proteins.” The appropriate n65 primer was used to
amplify the gDNA.

Bl Run

Amplification Data

Fig. 2. Raw Data Plot of qPCR

The CT Value and Fold Change of first five
samples were 21.09 and 77.8. The CT Value and
Fold Change of next five samples were 20.47 and
77.7

CONCLUSION

The present study explored the extraction of
DNA from two different cloth samples using phenol
chloroform method. The results obtained through
in study indicated that DNA can be successfully
retrieved from both the cloths (cotton & Silk)
during forensic investigations. Also, qPCR analysis
has proved that the DNA extracted is functional
and can be used for future forensics studies.

REFERENCES

1. Anzai EK, Ozaki A, Nunes FD, Hirata
M, Oliveira RN. Extracio de DNA de
saliva humanadepositadasobre a pele e
suaaplicabilidadeaosprocessos de identificagdo

individual. Odontol Soc. 2001;3(1/2):5-7.

2. Anzai EK, Hirata MH, Hirata RDC, Nunes FD,
Melani RFA, Oliveira RN. DNA extraction from
human saliva deposited on skin and its use in
forensic identification procedures. Braz Oral Res.
2005;19(3):216- 22.

3. Wickenheiser RA (2002) Trace DNA: a review,
discussion of theory, and application of the transfer
of trace quantities of DNA through skin contact. J

Table 3: CT value and fold change of n65

Well CT Value (Mean) Fold Change (Mean)
E1-E5 21.09 77.8
E6-E10 20.47 77.7
et b . ——
’ e Q2
[
) / -3
Do
)ty
— --——/'/
ER Ess —

10.

11.

Fig. 3. Melting curve of qPCR

Forensic Sci 47:442-450.

Goray M, van Oorschot RA (2015) The complexities
of DNA transfer during a social setting. Leg Med
(Tokyo) 17:82-91.

Phipps M, Petricevic S (2007) The tendency of
individuals to transfer DNA to handled items.
Forensic Scilnt 168:162-168.

Van Oorschot RA, McArdle R, Goodwin WH,
Ballantyne KN (2014) DNA transfer: The role of
temperature and drying time. Leg Med (Tokyo)
16:161-163.

Kamphausen T, Fandel SB, Gutmann ]S, Bajanowski
T, Poetsch M (2015) Everything clean? Transfer of
DNA traces between textiles in the washtub. Int J
Legal Med 129:709-714.

van den Berge M, Ozcanhan G, Zijlstra S,
Lindenbergh A, Sijen T (2016) Prevalence of human
cell material: DAN and RNA profiling of public
and private objects and after activity scenarios.
Forensic Scilnt Genet 21:81-89.

van Oorschot RA, Glavich G, Mitchell R] (2014)
Persistence of DNA deposited by the original user
on objects after subsequent use by a second person.
Forensic Scilnt Genet 8:219-225.

Voskoboinik L, Amiel M, Reshef A, Gafny R,
Barash M (2017) Laundry in a washing machine as
a mediator of secondary and tertiary DNA transfer.
Int J Legal Med. https://doi.org/10.1007/ s00414-
017-1617-3.

Ensenberger, M. G., Hill, C. R, McLaren, R. S,
Sprecher, C. ., &Storts, D. R. (2014). Developmental
validation of the PowerPlex® 21 system. Forensic

Journal of Forensic Chemistry and Toxicology / Volume 10 Number 1/ January - June 2024



12.

13.

14.

15.

Vardiya Vaishali, Yadav Anita, Dheer Tanushree ef al. Comparative Analysis of DNA Extraction 25
Techniques and their Analysis from Blood Stained Clothes

Science International: Genetics, 9, 169-178. https:/ /
doi.org/10.1016/]J.FSIGEN.2013.12.005.

Park, S. J., Kim, J. Y., Yang, Y. G, & Lee, S. H.
(2008). Direct STR amplification from whole
blood and blood- or saliva-spotted FTA without
DNA purification. Journal of Forensic Sciences,
53(2), 335-341. https://doi.org/10.1111/j.1556-
4029.2008.00666.x.

Waye, J. S., and Willard, H. F. (1986). Structure,
organization, and sequence of alpha satellite DNA
from human chromosome 17: evidence for evolution
by unequal crossing-over and an ancestral pentamer
repeat shared with the human X chromosome. Mol.
Cell Biol. 6, 3156-3165.

Waye, J. S., Presley, L. A., Budowle, B., Shutler,
G. G., and Fourney, R. M. (1989). A simple and
sensitive method for quantifying human genomic
DNA in forensic specimen extracts. BioTechniques
7, 852-855.

Walsh, P. S,, Varlaro, J., and Reynolds, R. (1992). A
rapid chemiluminescent method for quantitation of
human DNA. Nucleic Acids Res. 20, 5061-5065.

16.

17.

18.

19.

20.

Heid, C. A,, Stevens, J., Livak, K. J., and Williams,
P. M. (1996). Real time quantitative PCR. Genome
Res. 6, 986-994

Holland, P. M., Abramson, R. D., Watson, R,,
and Gelfand, D. H. (1991). Detection of specific
polymerase chain reaction product by utilizing
the 5’-3" exonuclease activity of Thermusaquaticus
DNA polymerase. Proc. Natl. Acad. Sci. USA. 88,
7276-7280.

Livak, K. ]., Flood, S. J., Marmaro, J., Giusti, W., and
Deetz, K. (1995). Oligonucleotides with fluorescent
dyes at opposite ends provide a quenched probe
system useful for detecting PCR product and
nucleic acid hybridization. PCR Methods Appl. 4,
357-362.

Lyamichev, V., Brow, M. A., and Dahlberg, J.E.
(1993). Structure-specific endonucleolytic cleavage
of nucleic acids by eubacterial DNA polymerases.
Science 260, 778-783.

J.A. Glasel, Validity of nucleic acid purities
monitored by 260 nm/280 nm absorbanceratios,
Biotechniques 18 (1995) 62-63.

6060000

Journal of Forensic Chemistry and Toxicology / Volume 10 Number 1/ January - June 2024



26

REDKART.NET

(A product of Red Flower Publication (P) Limited)
(Publications available for purchase: Journals, Books, Articles and Single issues)
(Date range: 1967 to till date)

The Red Kart is an e-commerce and is a product of Red Flower Publication (P) Limited.
It covers a broad range of journals, Books, Articles, Single issues (print & Online-PDF) in
English and Hindi languages. All these publications are in stock for immediate shipping
and online access in case of online.

Benefits of shopping online are better than conventional way of buying.
Convenience.

Better prices.

More variety.

Fewer expenses.

No crowds.

Less compulsive shopping.

Buying old or unused items at lower prices.

Discreet purchases are easier.

PN WD =

URL: www.redkart.net

L

Journal of Forensic Chemistry and Toxicology / Volume 10 Number 1/ January - June 2024



Original Article

Journal of Forensic Chemistry and Toxicology
Volume 10 Number 1, January-June 2024
DOI: http:/ /dx.doi.org/10.21088/jfct.2454.9363.10124.4

'H-NMR based Metabolic Fingerprinting in Forensic Investigations

Pradeep Kumar', AK Jaiswal? Sujeet Kumar Mewar®

How to cite this article:

Pradeep Kumar, AK Jaiswal, Sujeet Kumar Mewar. 'H-NMR based Metabolic Fingerprinting in Forensic Investigations. |

Forensic Chemistry Toxicol. 2024;10(1):27-33.

Abstract

Nuclear Magnetic Resonance (NMR) spectroscopy plays a crucial role in forensic sciences
by providing detailed chemical information about substances present in biological samples
such as blood. NMR spectroscopy is a versatile tool in forensic sciences, offering non-
destructive and high-resolution analysis of biological samples like blood. Machine learning
tools are increasingly employed in forensic investigations to enhance data analysis, pattern
recognition, and decision-making processes. These tools aid in processing vast amounts of
forensic data efficiently and uncovering hidden insights from complex datasets. Its ability to
provide detailed chemical information aids in substance identification, quantitative analysis,
and understanding of NMR data interpretation, making it invaluable in criminal investigations
and forensic pathology.

Keywords: Nuclear Magnetic Resonance spectroscopy; machine learning tools; Blood

sample; Metabolites, 1D CPMG; 2D TOCSY.

INTRODUCTION

orensic science is the application of several

fields of science, such as biology, chemistry,
physics, and medicine, to the domain of criminal
investigation.! Through the forensic application
and validation of scientific processes originally
designed for diverse aims in a more confined
framework, such as the legal medicine situation, it
focuses mainly on providing evidence to be utilized
in forensic science.!
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Since the scientific instruments available had been
insufficient, forensic science has addressed several
challenges in recent decades that were unfulfilled in
the past.! The development of gas chromatography,
liquid chromatography, and mass spectrometry
(MS or MS/MS) methods for the quantification
of several drugs and their metabolites in human
biological fluids.?Otheradvanced imaging tools like
computed tomography with or without contrast
medium and magnetic resonance imaging or MRI
in the identification of the cause of death, have all
contributed to the solution of challenges such as
human individuality, and toxicological analysis on
different biological fluids.?

The qualitative and quantitative study of low
molecular weight compounds found in biological
systems is known as metabolomics, and it offers
insights into the metabolic changes brought on
by external stimuli.* Metabolism enables one to
get a global profile of the metabolome or execute
a specific study, depending on the information
needed. One significant benefit of metabolomics for
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forensics is the ability to combine data from several
bodily compartments and biological fluids.>”

NMR spectroscopy exploits the magnetic
properties of atomic nuclei, particularly those
of hydrogen atoms in the context of blood
analysis. When placed in a magnetic field and
subjected to radiofrequency pulses, nuclei such
as protons within blood molecules absorb and re-
emit electromagnetic radiation at characteristic
frequencies.!”" By detecting these signals, NMR
spectroscopy can generate detailed spectra that
reveal the chemical composition and molecular
structure of the sample under investigation.
The data obtained from NMR spectroscopy is
quantitative, allowing for precise measurements
of concentrations and providing insights into the
interactions between different components within
the blood sample.”””™ NMR spectroscopy can
identify and quantify various drugs and metabolites
present in blood samples, even at trace levels. This
capability is particularly critical in cases involving
drug-related offenses or incidents where substance
abuse is suspected. By analyzing metabolic profiles,
NMR spectroscopy can provide information about
an individual’s physiological state, including
factors such as nutrition, health status, and
exposure to environmental toxins.* NMR can
complement traditional DNA profiling techniques
by providing additional information about the
chemical environment of nucleic acids, which can
aid in confirming the identity of individuals from
blood samples. NMR spectroscopy enables the
identification and quantification of toxic substances
in blood, such as heavy metals or poisons, which
can be crucial in cases involving poisoning or
environmental exposure.’>"”

Advantages of NMR in forensic investigations
include some important advantages Non-
destructive Analysis using NMR spectroscopy
minimal sample preparation and not consuming
the sample, allowing for subsequent analyses if
necessary."” Thus, high sensitivity and Specificity
with NMR can detect substances at very low
concentrations, enhancing its utility in forensic
toxicology and drug detection. Furthermore,
quantitative analysis to quantify concentrations
of substances in blood samples makes NMR
spectroscopy highly reliable for forensic applications.
The versatility of NMR spectroscopy applies to
a wide range of forensic analyses beyond blood,
including other bodily fluids and tissue samples.**

Many studies areattentiveto the
pathophysiological effects of acute and long-term
alcoholic toxicity on the metabolomes profiling

of humans.'*® Furthermore, several studies have
focused on using NMR-based metabolomics of
biological fluids or tissues to identify putative
PMI biomarkers and track changes in endogenous
metabolites brought on by death.!*?

We mainly investigated the potential use of
NMR as an analytical platform for forensic blood
metabolomic, or metabolic fingerprinting in the
present study. Additionally, 1D and 2D NMR
investigations were used to characterize and identify
the metabolites in blood samples. This analysis was
performed extensively for forensic purposes, where
'H-NMR metabolic fingerprinting was presented as
a new or alternative analytical approach.

Synopsis

NMR spectroscopy plays a critical role in
forensic sciences by providing precise chemical
analysis of biological samples, aiding in drug
identification,  toxicological  screening, and
determining causes of death. NMR spectroscopy
was employed to screen blood samples collected
fromindividuals. The technique detected and
identified various metabolites simultaneously,
providing comprehensive information vitalrole
in metabolic fingerprinting. The integration of
machine learning tools enhances the capabilities
of forensic investigations by enabling advanced
data processing, pattern recognition, and decision
support. The referenced machine learning
applications underscore the combined potential
of NMR spectroscopy and machine learning in
modern forensic science practices.

MATERIAL AND METHODS

Sample preparation

Blood samples were collected from each subjectin
the morning pre-prandial after overnight fasting in
a heparinized vacutainer on the day of endoscopy.
Blood plasma was immediately separated by
centrifugation at 5000rpm for 10 minutes at 4°C and
was stored at -80°C until NMR-based fingerprinting
analysis. For NMR spectroscopy, 200 pl of plasma
was diluted with 400 pl of D,0O, containing 0.5
mM of TSP and 0.5 mM of sodium formate. Blood
samplesone-dimensional (1D) 1H NMR spectra
were obtained using a CPMG pulse sequence that
pre-saturated the H,O peak. A spin-echo delay of
15 ms and a relaxation delay of 70 s was used for
the experiment. A total of 64 scans were collected
with 32K data points over a spectral width of
9124.1 Hz.A 70-second relaxation delay was used.
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To facilitate chemical shift assignments, additional
2D NMR studies (2D TOCSY) were carried out. A
typical parameter for the TOCSY experiments was
acquired with a spectral width = 9124.1 Hz, data
points = 2K in F2 dimension, 400 increments with
16 scans per increment, relaxation delay of 2.5 s,
and mixing time of 80 ms.

NMR spectroscopy

All the NMR spectra were acquired at 700
MHz spectrometers (Agilent Technologies) at the
Department of NMR, AIIMS, New Delhi. 1D (presat
followed by CPMG) and 2D (TOCSY) NMR spectra
were acquired for the assignment of metabolites.

The peaks observed in the 1D spectrum were
assigned with the help of 2D NMR experiments. A
conventional method was utilized to acquire a one-
dimensional spectrum. Some important metabolites
were assigned using 1D and 2D NMR.

NMR data analysis using machine learning tool

Free induction decay (FID) signals were
processed by applying an exponential function
with a line-broadening factor of 0.3 Hz before
Fourier transformation. Then, the 1D 'WH-NMR
spectra were manually phased and -carefully
corrected for baseline distortion. Chemical shift
correction was referenced to the methyl group
of TSP at 0.0 ppm. Each NMR spectrum was
binned by 0.02 to 0.04 ppm and integrated using
the Mestre Nova software (Version 9.0; Mestrelab
Research S.L., La Coruna, Spain). Subsequently,
the water resonance spectral area (85.5-4.5 ppm)
was eliminated from the whole spectrum (810.0-
0.5-0 ppm) to remove the skewed baseline caused
by lacking water saturation.

The identification and characterization of blood
metabolites and determined by comparing the
intensity of metabolites isolated from peaks obtained
by integration of the signal with that of formate.

The concentration of only those metabolites, that
showed well-resolved peaks in the 1D spectrum of
will be determined using the Chenomx software
(Chenomx NMR Suite 7.1).

Statistical investigation was accomplished using
SPSS (SPSS Inc., Chicago, IL, USA). The data were
normalized and subjected to multivariate pattern
recognition analysis using Metabo Analyst 6.0
software. Metabolites were considered significant
at VIP >1.0 for further analysis of metabolomic
data analysis. Partial least square discriminant
analysis (PLS-DA) and orthogonal partial least
square discriminant analysis (OPLS-DA) loading
plots were carried out for significant metabolite
identification. = Metabolites corresponding to
significant spectral features were identified and
characterized using the chemical shift and splitting
patterns of metabolites reported in the literature, %
two-dimensional NMR spectra.

RESULTS AND DISCUSSION

Spectral assignments and identification of
metabolites of blood spectra

The resonance assignment of various metabolites
detected in the blood plasma was carried out using
2D 'H-NMR while the quantitative analysis of
metabolites was carried out using peak integrals
from the 1D 'H-NMR spectra. Representative 1D
'H-NMR spectrum of blood samples obtained from
healthy individualsare shown in Fig. 1.

1D-NMR BLOOD SPECTRA Lac

Phe _ His Tyr

0+
0
N
o)

pPpm

IN
wH
N

CHEMICAL SHIFT (ppm)

Fig. 1: Shows the representative of the one-dimensional (1D) Carr-Purcell-Meiboom Gill (CPMG) of 'H-NMR (700 MHz)
spectra in D20 at 25 °C of the blood sample. HDL: High-density Lipoproteins; LDL: Low-density lipoproteins; VLDL:
Very low-density lipoproteins; Leu: Leucine; Ile: Isoleucine Val: Valine; Lac: Lactate; OHB; hydroxybutyrate; Ala: Alanine;
Ace: Acetate; NAG; N-acetyl glycoproteins; Glu: Glutamate; GIn: Glutamine; Pyr: Pyruvate; Cit: Citrate; Cr: Creatine; PCr:
Phosphocreatine; Cho: Choline; GPC: Glycerophosphocholine; Glc: glucose; Gly: Glycine; Crn: Creatinine; Tyr: Tyrosine; His:

Histidine; Phe; Phenylalanine.
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The resonance assignments were made based
on coupling connectivity observed in 2D spectra
(TOCSY) and compared well with the chemical
shift values of metabolites in blood samples. As
an advantage of TOCSY, cross-peaks are formed
between every component of a connected network.
In all, metabolites could be unambiguously
assigned in the blood plasma sampleusing 1D and
2D TOCSY spectra.

The 1D 'H-NMR spectrum of blood plasma
showed peaks due to metabolites such as amino
acids, sugars phospholipids, organic acids, and
other compounds.® Representative 2D TOCSY
spectra obtained from blood used for metabolite
assignments are shown in Fig. 2.

F1 - Lipidl
(ppm) . P

Lipid2 P43
< Z
1.0 .

& Lipid2
0

" 4 Lindl

m
Val

F2 (ppm)

Fig 2: Shows representative region (0.7-4.6 ppm) of the
two-dimensional total correlation (2D TOCSY) 1H NMR
spectrum of the blood acquired at 700 MHz at 25 °C and
assigned cross peak of various metabolites. VLDL: very
low-density lipoproteins; Leu: Leucine; Ile: Isoleucine;
Val: Valine; p-OHB: -hydroxybutyrate; Lac: Lactate; Glu:
Glutamate; Gln: Glutamine; Cit: Citrate; Glc: Glucose.

1D and 2D NMR spectra

Representative 1D proton NMR spectra of blood
samples obtained from a healthy individual are
shown in Fig. 1. In all, metabolites were assigned
unambiguously using 1D and 2D TOCSY spectra
are shown in Fig. 1 and Fig. 2, respectively, and
by comparing with the chemical shift values
reported in the literature. The identification of
metabolites that gave well-resolved signals in the
1D proton NMR spectrum was determined. In
the 1D NMR spectrum, chemical shift and spin
multiplicity are the most important parameters
for resonance assignment. In 2D experiments, the
resonances assignment is primarily dictated by
the observation of cross peaks between coupled
protons.’¥ 2D TOCSY experiments provide a
particularly powerful combination that may
be sufficientto identify most metabolites in

the blood. Various metabolites assigned and
respective chemical shift positions of resonance
arising from chemical entities, and blood are
presented in Table 1.

Resonance peaks arising from ten amino acids
could be identified unambiguously in the spectra
ofthe blood sample. Between 0.90 and 1.00 ppm,
the methyl protons of isoleucine (Ile), leucine
(Leu), and valine (Val) were identified. The other
protons of Ile, Leu, and Val were assigned using
cross-peaks observed in TOCSY. IsoleucineCH,
protons at 0.95 ppm showed coupling with its
Gamma y-CH, at 1.25 and 1.46 ppm, respectively.
The methyl protons of alanine (Ala) at 1.48 ppm
showed connectivity to its CH at 3.76 ppm. The 1D
spectrum shows the resonances caused by the CH2
protons of glutamate (Glu) and glutamine (Gln)
as a multiplet at 2.36 and 2.45 ppm, respectively.
At 3.57 ppm, a glycine (Gly)-related singlet was
detected. Furthermore, resonance was found in
aromatic amino acids, such as tyrosine (Tyr) and
phenylalanine (Phe). To identify Tyr’s resonances,
an unambiguous cross peak between H3, H5
(6.91 ppm) and H2, H6 (7.18 ppm) was identified.
Similarly, H2, H6 resonances of Phe which were
degenerate at 7.33 ppm showed coupling with its
H3, H5 protons resonating at 7.43 ppm.

Resonances due to various organic acids such as
lactate (Lac) and pyruvate (Pyr) were also observed.
The doublet corresponding to methyl protons of Lac
at 1.33 ppm showed connectivity with itsCH proton
at 412 ppm in TOCSY. The CH; proton of Pyr was
detected at 2.37 ppm. The AB pattern of citrate (Cit)
was identified in the 1D spectrum by characteristics
doublet of doublets cantered at 2.54 ppm and
Formate (For) singlet at 8.46 ppm was observed.

The N (CH,), of choline (Cho) wasdetected at 3.21
ppm. The cross peaks due to glycerophosphocholine
(GPC) were seen clearly in the TOCSY. The N
(CH,;) protons of GPC were observed at 3.23 ppm.
A singlet peak at 1.91 ppm was assigned to the
methyl protons of acetate (Ace). The signals due
to hydroxybutyrate (BHOB) were observed at 1.20
ppm as a doublet. The connectivity between the
CH,; group at 1.20 ppm and CH resonance at 4.14
ppm of BHOB was observed.**”

The H1'of-glucose(a-Glc) was assigned at 5.23
ppm which showed coupling to its H2" proton at
3.53 ppm in TOCSY. Similarly, the H1" of glucose
(B-Glc) was observed as a doublet at 4.64 ppm.
Resonances fromGlc were assigned following the
connectivity pattern of H1" (4.64 ppm) with H2" (3.24
ppm), H4" (3.41 ppm) and H5" (3.47 ppm) protons.
Other Metabolites Assignment Several resonances
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Table 1: List of identified metabolites in the blood sample of healthy individuals using NMR spectroscopy and their
chemical shift (ppm)position so fresonancesl H of metabolites. Code (identifiers) of the metabolites of data sets was
searched indifferent metabolites Data bases (KEGGID and HMDB).

Metabolites Multiplicity (8) ppm KEGG ID HMDB
Isoleucine (Ile) 3.62 (a-CH), 1.97 (B-CH), 1.26 C00407 HMDB0000172
(y CH2), 1.48 (y'-CH2), 0.94
(6-CH3)
Valine (Val) 3.52 (a-CH), 2.21 (p CH),1.00 C00183 HMDB0000883
(y-CH3), 1.04 (y'-CH3)
Leucine (Leu) 3.72 (a-CH), 1.72 (B-CH2), 1.69 C00123 HMDB0000687
(y-CH2), 0.96 (56-CH3)
Alanine (Ala) 3.77 (a-CH), 1.48 (B-CH3) C00041 HMDB0000161
Glutamate (Glu) 3.65 (a-CH), 2.04 (B-CH2), 2.36 C00025 HMDB0000148
(y-CH2)
Glutamine (Gln) 3.65 (a-CH), 2.08 (p-CH2), 2.45 C00064 HMDB0000641
(y-CH2)
Methanol (MeOH) 3
Glycine (Gly) 3.56 (CH2) C00037 HMDB0000123
Histidine (His) 3.14 (B-CH2), 7.06 (H4), 7.83 C00135 HMDB0000177
(H2)
Tyrosine (Tyr) 7.20 (H2, H6), 6.88 (H3, H5) C00082 HMDB0000158
Phenylalanine (Phe) 7.33 (H2, H6), 7.40 (H3, H5) C00079 HMDB0000159
Choline (Cho) 3.21 N(CH3)3, 3.52 (NCH2), C00114 HMDB0000097
4.07 (CH20H)
Glycerophosphocholine (GPC)  3.23 N(CH3)3, 3.52 (NCH2) C00670 HMDB0000086
Acetate (Ace) 1.92 (CH3) C00033 HMDB0000042
Acetoacetate (AcAc) 2.23 (CH3) C00164 HMDB0000060
Creatine (Cr) 3.03 (NCHS3), 3.93(CH2) C00300 HMDB0000064
Phosphocreatine (PCr) 3.04 (NCH3) C02305 HMDB0001511
Creatinine (Crn) 4.06 (CH2) C00791 HMDBO0000562
Lactate (Lac) 412 (a-CH), 1.33 (B-CH3) C00186 HMDB0000190
Pyruvate (Pyr) 2.37 (CH3) C00022 HMDB0000243
Glucose (Glc) 5.23 (H1'), 4.64 (H1"), 3.53 C00031 HMDB0000122

(H2)), 3.72 (H3'), 3.42 (H4'),
3.24 (H2))

such as methyl, methylene, allylic and olefinic
protons from different lipids and triglycerides were
also observed in the 1D CPMG spectra of lipids in
blood plasma. The resonances from the terminal
CH; protons of low-density lipoprotein (LDL) and
very-low-density lipoprotein (VLDL) overlapped
at 0.90 ppm. In TOCSY, a prominent cross peak
was seen between the CH; and CH, protons of
LDL and VLDL. The resonance corresponding to
CH; of HDL was assigned at 0.84 ppm. Similarly,
the resonances of Gly, Tyr, histidine (His), and Phe
were assigned using TOCSY.

CONCLUSION

In conclusion, NMR spectroscopy represents
a powerful analytical technique that has

revolutionized forensic investigations, particularly
in the analysis of blood samples. Its ability to
provide detailed chemical information with high
sensitivity and specificity makes it invaluable in
determining crucial aspects of criminal cases,
ranging from drug detection to DNA analysis.
As technology continues to advance, NMR
spectroscopy is expected to play an increasingly
prominent role in forensic science, contributing
to enhanced accuracy and reliability in criminal
investigations worldwide.
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Abstract

DNA analysis is used in forensic investigations to identify individuals and solve crimes.
Important pieces of evidence are frequently found at crime scenes, including bloodstains.
However, both the quantity and the quality of the extracted DNA can vary depending on the
conditions in which bloodstains are exposed before analysis, such as different temperatures.

This study, to evaluate the genome potential for performing short tandem repeat (STR)
analysis on bloodstains collected from three different temperature settings: -20°, 4%, and room
temperature. The study will evaluate how temperature affects DNA extraction and typing.
Previous studies have demonstrated that burns and high heat can cause DNA to degrade
and lower DNA quantities in bloodstains. Additionally, research has shown that even after
being heated to specific temperatures, cleaned bloodstains can still produce sufficient DNA for
analysis. This research will help to clarify the challenges and limitations involved in conducting
STR analysis on bloodstains exposed to a range of temperatures by examining the effects
of various temperatures on DNA quantity and quality in bloodstains. The results will help
investigators in the forensic field increase DNA recovery techniques and raise the accuracy of
DNA profiling in criminal investigations.

Keywords: Short Tandem Repeat (STR analysis on bloodstain); Temperatures; DNA

extraction; Criminal investigations.

INTRODUCTION

Forensic DNA analysis is crucial in criminal
investigations, with Short Tandem Repeat (STR)
analysis being a widely used method. However,
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temperature changes can affect the quality and
quantity of DNA extracted from blood stains. This
thesis aims to investigate the impact of temperature
variations on STR analysis in blood stains and
develop reliable estimation models. The research
will involve collecting samples under controlled
temperatures, aiming to improve the accuracy and
reliability of forensic DNA analysis in criminal
investigations.'? Blood’s history spans millions
of years, with scientific understanding evolving
from ancient beliefs to modern discoveries.
Microscopy in the 17th century revolutionized
blood circulation, while Karl Landsteiner’s 1901
discovery revolutionized transfusion treatment.
Hematology advanced in the late 19th and early
20th centuries, with specialized magazines like
“Blood” promoting interdisciplinary collaboration.
Blood has significantly impacted medical practices,
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particularly in transfusion medicine.?** Blood is a
crucial biological evidence found at crime scenes,
serving various functions such as transporting vital
materials, removing waste, protecting the body
from pathogens, regulating body temperature,
transporting hormones, and preventing excessive
bleeding. It is composed of cells, enzymes,
proteins, water, and inorganic substances. Blood
stains provide information on the circumstances
surrounding violent crimes, driving criminal
investigations and supporting the conclusion of
criminal cases. Blood detection in forensic science
can help determine the source of blood, such
as foetal blood, pregnancy and abortion blood,
menstrual blood, and arterial blood. Bloodstain
analysis from clothing is a crucial technique in
forensic science for extracting valuable information
from bloodstains in criminal investigations.®”®
It helps in reconstructing details, identifying
patterns, and developing conclusions by examining
the size, shape, distribution, and characteristics of
bloodstains.”!®" Proper documentation, careful
collection, and storage of garments are essential
for maintaining the integrity of evidence. Ageing
of blood can be determined by colour changes over
time. Bloodstain analysis provides valuable data for
criminal investigations and judicial actions. Factors
affecting genomic potential for STR analysis include
DNA degradation, detection rate, and quantitative
PCR assays. Experimental data and analysis are
required to determine the impact of temperature
on DNA degradation and the success rate of STR
analysis.'*?

METHODOLOGY

Material Required

Chemicals: 1x TAE buffer, Sol. B (pH 8.0), 20%
SDS, Proteinase K, Phenol-chloroform-Isoamyl
alcohol mixture (25:24:1), 5M Sodium Acetate
(pH 5.2), Chilled Isopropanol (IPA), 70% ethanol,
Nuclease free water, Primers, dNTPs + Buffer
etc.

Instruments: Microcentrifuge, Autoclave,
Refrigerator, PCR Machine, RT-PCR Machine,
Pipette/Tips, Eppendorf tubes 2ml, Scissors,
Forceps etc.

Sample Collection: Blood collected from a single
person after taking consent, a total of 30 samples of
bloodstains were spotted in a cotton cloth/fabric.
Out of which 10 blood stains were kept at Room
temperature (RT), 10 at -20°, and 10 at 4°. The
samples were incubated at respective temperatures
for 11 days before processingfurther.

Sample Pretreatment: The sample was collected
on 25th April 2023 and kept each 10 samples at
three temperatures Room Temperature (RT), -20°,
4° for 10 days. From 11th day DNA extraction from
each sample was done having an interval of one
day between three samples.

Procedure

DNA extraction from blood stains

The study involved cutting a stain-free cloth and
adding 1.5ml of Solu. B, 50% SDS, and Proteinase
K. The mixture was incubated overnight and
centrifuged at 10,000 RPM for 15 minutes. The
supernatant was transferred to a fresh tube, mixed
with Sodium Acetate and PCI, and incubated
overnight. The pellet was washed with 70% ethanol,
air-dried, and dissolved in nuclease-free water. The
dissolved DNA was visualized under UV light
using agarose gel electrophoresis.

Agarose Gel Electrophoresis

Agarose gel was created by diluting 10X TAE
buffer to 1X and mixing 300 mg of agarose with 30
ml of 1X TAE buffer. The flask was heated, and the
agarose was dissolved, while boiling was avoided.
A gel-casting tray was sealed with biohazard tape.
To the cooled agarose solution, 0.5 pl of ethidium
bromide was added. The agarose was poured to
a depth of 1 cm and allowed to solidify. A 500 pl
DNA sample, 2.5 pl loading dye, and a marker
were added to the gel. The gel was placed in a tank
filled with TAE buffer. The electrophoresis was
run at 80V for an hour until the front dye reached
the gel’s bottom. The electrodes were checked for
bubbling, and the gel was photographed under UV
transillumination.

DNA Quantification

The quantification was done using the Qubit
3.0 fluorometer kit and its instructions. The assay
tubes for the standards and one assay tube for each
user sample were set up. The working solution
was prepared by diluting the Qubit reagent 1:200
in Qubit buffer. The assay tube and standard tubes
were prepared according to the table given below.

Table 1: Assay tube and standard tubes protocol

Components Standard Assay Sample assay
Tubes (ul) tubes (ul)
Working solution 190 199
(from step 2)
Standard (from 10 -
kit)
Table Cont...
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Vol. of sample - 1
Total volume in 200 200
each tube

The tubes were vortexed for 2-3 seconds and
incubated for 2 minutes at room temperature (RT).
The tubes were inserted into the Qubit Fluorometer,
and readings were taken. The readings were in ng/ pl.

g-PCR

Procedure:Reaction mixture is prepared by
adding all the components in one tube except
sample and dividing the content equally in all wells
and then adding sample in last. Reaction mixture
was prepared for the total volume of 10ul.

Table 2: Table Reaction mixture for q-PCR

S/No. Content Volume (ul)
1 2X qPCR Mix 5
2 Fwd. Primer NEAT 1 0.5
3 Rev Primer NEAT 1 0.5
4 RNAse free water 3.8
5 Sample (DNA) 0.2

Running of q-PCR: The 2-step q-PCR involved
a hot start at 950°C for 5 minutes, followed by
denaturation, primer annealing, and extension at
600°C for 20 seconds. The amplification cycle was
45 cycles, culminating in melting.

Table 3: Steps in q-PCR

Sr/No. Content Temp (°C) Duration
(sec)
Pre-denaturation 95 3 min
Denaturation 95 10
Annealing 60 20
&Extension
4 Melting - e

STR Analysis: STR analysis compares allele
repeats at specific DNA loci in samples, used in
forensic analysis, human sample authentication, and
cell line authentication. It detects and measures short
tandem repeat sequences, 2-7 base pairs long.'¢

Procedure

DNA Extraction: The DNA is extracted from
the biological sample of interest using established
protocols.

Primer Design:Primers target specific STR
loci for amplification, allowing repeat sequence
amplification.

Polymerase Chain Reaction (PCR): PCR
amplifies targeted STR loci using primers,
generating multiple copies of the STR region
through denaturation, annealing, and extension
cycles.

Fragment Separation: PCR products are
separated using electrophoresis or

capillary electrophoresis to determine STR repeat
lengths.

Data Analysis: Using software or genetic
analysers, separated fragments are analysed to
identify STR locus repeat units and establish links.

STR analysis is utilized in forensic science for
human identification and cell line authentication,
enabling discrimination and accuracy in unrelated
individuals.

RESULTS AND DISCUSSION

Gel-Electrophoresis Results RT-PCR Results

Fig. 1: 1-12 Gel-Electrophoresis samples visible as
bands in results
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Fig. 2: Melt curve (Fold change) of NEAT 1 gene expression

Note: CT values range from 17.49 to 19.32, indicating NEAT1
gene expression in all samples, with lower values indicating higher
abundance.

In the given dataset, the CT values for the NEAT1
gene range from 17.49 to 19.32. Sample B3 (S3) has
the lowest CT value of 17.49, suggesting the highest
expression level of NEAT1 among the tested
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samples. Sample Bl (S1) and B10 (S10) have the
highest CT values of 19.04 and 19.32, respectively,
indicating relatively lower expression levels of
NEATI.

2.
Table 4: Statistical Summary of qPCR Data.
Parameters CT values Fold change
values
Mode 18.21 745
Median 1.245 75.25 5.
Mean 18.25 74.85
Range 17.49 - 19.32 69.5-76 6.
STR Analysis Results
7.
/ Sample number \
DNA 8
[oRe s1 s3 s1s o
10.
11.
12.
13.
Fig. 3: Amplification of human genome STR region from 14.
blood-stained cloth samples using molecular marker-based
primer set yields easily distinguishable bands, providing
baseline data for forensic purposes 15
CONCLUSION
The study investigates the application of Short
Tandem Repeats (STRs) for temperature-dependent 16.
blood stain analysis. For locating genetic variations
and mutations in Mendelian illnesses, researchers
found STR analysis to be reliable. The effect of 17.
temperature on the degradation of DNA and
detectable loci was also investigated. The results of 18-
these investigations have implications for forensic
research, improving methods for diagnosis and
treatment, and benefiting society.
19.
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Abstract

The hookah use among present day generation creates an alarming need considering
its negative health effects. Hookah tobacco (also known as water pipe tobacco, maassel,
shisha, narghile, or argileh) is a type of combustible tobacco that is smoked with a
hookah (waterpipe). It is popular among the youths as these hookah smokers smoke
at hookah lounges as well as in private homes, bars, cafes and restaurants. In all the
flavored products of tobacco, nicotine is the most potent and one of the addictive drug
present including hookah tobacco. The concentration show a variation although the
average nicotine content ranges between 1.8-6.3%of 3.4 mg/g tobacco depends upon
the brand. In this article efforts have been made to highlight the toxic effects of Flavored

Hookah abuse among youths.

Keywords: Flavored Hookah; Toxicity; Youths; Tobacco; Alarming.

INTRODUCTION

he problem of smoking tobacco in form of

cigarettes, hookahs is the major concern among
youths in relation to its adverse effects on health.
It is well known fact that tobacco being one of the
most widely abused substancein the world because
of presence of a highly addictive major alkaloid
stimulant nicotine in it. This nicotine abuse leads
to the problem of adverse health effects including
cancer, pulmonary and cardiovascular diseases.
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The hookah use among present day generation
creates an alarming need considering its negative
health effects.Hookah smokers smoke at hookah
lounges as well as in private homes. Hookah
tobacco (also known as water pipe tobacco, maassel,
shisha, narghile, or argileh) is a type of combustible
tobacco that is smoked with a hookah (waterpipe).
Water pipe tobacco smoking obsession has again
spread worldwide. Especially, the younger
generation is besotted with mu’assel (shisha) and
avidly use these for smoking.>®

Flavors profiling in flavored hookah tobacco is
an issue of increasing scrutiny for the health sector
owing to its adverse effects on humans, especially
being heated to produce smoke. Tobacco smoke
comprises a large number of chemicals and
brand-specific flavors included hundreds of
volatiles complex mixture attributed towards
its toxicity and carcinogenic properties. These
additives added in commercial brands of mu’assel
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(shisha) imparts diverse taste with amusing
aroma.*

Hookah (water pipe) smoking is the inhaling
of hookah tobacco smoke that has been generated
by heating hookah tobacco with burning charcoal
and passed through a partially filled water jar.
The mechanism of hookah tobacco smoking is
unique. First, the tobacco is heated indirectly
with charcoal, then the smoke passes through a
water bowl and finally is inhaled by the smoker
through a rubber hose fitted with a mouthpiece.
Hookah tobacco products come in different flavors,
such as apple, mint, cherry, chocolate, coconut,
licorice, cappuccino, and watermelon, paan, raas,
strawberry, orange, paan masala, etc."’

: Tobacco bow!
-
~ Ashtray

Fig. 1: Hookah (water pipe) Smoking Apparatus.
Source: (Middha and Negi Egyptian Journal of
Forensic Sciences (2019) 9:39 https:/ /doi.org/10.1186/
541935-019-0146-2)

Toxic Effects on Human Health

Generally it is thought that smoking non -
tobacco hookah is safe and does not causes toxicity
but it is reported by researchers and scientists
during their experimental studies conducted that
even non-tobacco hookahs released smoke in the
environment same like that of tobacco products.*®

In all the flavored products of tobacco, nicotine is
themost potentand one of theaddictive drug present
including hookah tobacco. The concentration show
a variation although the average nicotine content
ranges between 1.8-6.3% of 3.4 mg/g tobacco
depends upon the brand.

In contrast to the misleading false ingredient
statement “0.05% nicotine’ that is portrayed on most
hookah tobacco packages. The hookah smokers
smoke 10-20 g hookah tobacco head per one hookah
smoking session which leads to an average amount
from 36 to 126 mg."?

The major chemicals attributed to toxicity
are fragranced ones, synthetically derived from
petroleum the smoking of them leads to major
health hazards. The common signs of toxicity
among youths involves cancer, birth defects,
Central Nervous System (CNS) disorders and
allergic reactions. Some of these chemicals are
addictive in nature for ex-menthol which increases
the nicotine receptor density.?

In fact, research shows that waterpipe smokers
may absorb even more of the harmful chemicals
found in cigarette smoke because smoking sessions
are typically longer. A typical one-hour hookah
session involves inhaling 100-200 times the volume
of smoke from a single cigarette.> Hookah tobacco
smoking has been associated with increased risk for
lung and oral cancers, coronary heart disease, and
pulmonary disease, cough, respiratory problems,
reduced lung function and decreased fertility. The
heating of charcoal not only create smoke but it also
leads to production of highly toxic gases like carbon
monoxide, certain metals and other carcinogenic
chemicals which can increase the risk of cancers
and heart problems.?*

The burning of these flavored items not only
produces smoke but also releases a small amount

CAREFUL WHATRYOUISMOIKE!

» Contrary to popular

belief that hookah smoke
goes through water and is
harmless, pulmonologists

say it is far more harmful
than cigarette

» The charcoal needed to
heat hookah contains high
level of carbon monoxide,
metals and carcinogen.

These can cause lung,
urinary bladder and

mouth cancer f

> It may lead to low
fertility rate in both men
and women

» Hookah smoking after
40 can cause irreversible &
chronic obstructive
pulmonary disease (COPD)

THE MIND STIMULATOR

» Hookah smoking stimulates
the brain’s limbic centre
(also called reward centre) . hall

I » Addiction may lead
to symptoms of sudden
excitement & sadness,

n and hosi

Fig. 2: Harmful Effects of Smoking Hookah

Source: (Doctors caution youngsters on peril of Smoking
Hookah - By RiyanRamanathan V)

(http:/ /timesofindia.indiatimes.com/ articleshow/95900704.
cms?utm_source=contentofinterest&utm_medium=text&utm_

campaign=cppst)
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of secondary smoke consisting of very fine particles
spreading in air and pose serious toxicity to persons
present in vicinity.

These Hookah pipes may leads to clotting in
the pulmonary and coronary arteries and thereby
obstruct the blood supply which results in Chronic
Obstruction Pulmonary Disorder (COPD). The
same pipe being used multiple times by multiple
people may also increase the chances of oral herpes
and other infectious diseases.’

Continuous Abuse leading Problems among
Youths

The continuous and prolonged use of present
day well known non-tobacco hookahs or flavored
hookahs are prevalent among youths and adults.As
per the data presented by National Adult Tobacco
Survey (NATS) in year 2013-2014, 20.2% of the
youth population between the age group of 18-24
years used hookah ‘every day’, ‘some days’, or
‘rarely’

The abuse of these items increased manifolds in
the younger generation as per the report published
on “Smoking and Tobacco Use” by Centre for
Disease Control and Prevention, United States as
the studies showing a vast increase between 22%
to 40% from the past-year. There occurs a great
upsurge in the abuse among youths aged from
19-30 years. The studies are not limited to this as
the surveys conducted reveals a significant rise in
the hookah abuse i.e. nearly 1 in every 13 (7.8%)
high school students in the United States had used
a hookah to smoke.”

The young adults who are not currently enrolled
in college may also show similar behaviour and
risk perceptions as do college students who are
abusing it. Hence, young population are at the
apex of abusing these addictive substances due to
a large number of factors including motivational,
socialization and many more which may pose an
alarming threat to their life.

CONCLUSION

Researchers and scientist according to a report
published on internet by Express News Service
on 12" February, 2021 states that present day
widely available substances in the form of herbal
cigarettes, bidis, a blend of certain herbs rolled
in tendu leaves etc. marketed with the tagline of
‘safety” and considered as a healthier alternative
to traditional cigarettes are unhealthier and poses
serious risk to the user.®

Usually the packets of all the varieties of these
flavored items of hookah does not contain any
detail regarding the chemical constituents and
other multiple flavoring additives.*

The chemical constituents of these products is
not been completely known to the users because
the manufactures remain silent about mentioning
the chemical ingredients of the flavoring agents.
The short falls in the measures owing to technical
procedures for identification these additives are
masking the data showing the presence of these
carcinogenic flavored additives in such toxic herbal
compounds and hookahs and thereby increase the
hazard potential for human health. The need of the
hour is to unequivocally establish a technique for
chemical profiling of the flavoring additives using
state of art.*

Henceforth, directives must be taken by various
state and central bodies and conventions must be
made, policies must be framed to regulate tobacco
products production in form of these Flavoured
Hookahs and their abuse especially among youths
to protect public health because “Health is Wealth”
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Abstract

Acute airway obstruction or choking is reportedly commoner in children than adults.
Most commonly aspirated material among the children is either vegetable matter or
inorganic objects such as a toy.Foreign body aspiration (FBA)amounts to the fourth
leading cause of death occurring at either home or community places, in the United States
of America.The death rate in cases of FBA in adults is seven times higher among people of
age >65 years than in children, though the prevalence of it is less. Cardiovascular diseases
(CVD) including ischaemic heart disease and cerebrovascular such as stroke account for
17.7 million deaths. Such a case where the diagnosis of cardiovascular disease was much
eminent, turned out to be of choking on autopsy is discussed in this case report.

Keywords: FBA; Choking; Elderly; CVD.

INTRODUCTION

Out of the exhaustive list of emergency health
conditions, acute airway obstruction is a
condition which is first handled by the general
public at the time of occurrence and later by the
health care providers. Literature suggests that
the outcome of such a condition can be positively
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increased by proper public education.! The
aetiology behind this condition is varying according
to the age group and so are the methods to handle
it. Strategies followed by the other developed
countries can be of use in India, in spite of the lesser
available data on the condition.

Acute airway obstruction or choking is
reportedly commoner in children than adults. Most
commonly aspirated material among the children is
either vegetable matter or inorganic objects such as
a toy. Foreign body asphyxia (FBA) is a well-known
aspect to the physician.

FBA is the fourth leading cause of death at
home or community places in the United States of
America. As compared to children FBA in adults
occur due to aspiration of food particles, medicine
tablets, loose dental implants or other inorganic
materials.? The death rate in cases of FBA in adults
is seven times higher among people of age >65 years
than in children, though the prevalence of it is less.

60% of all deaths occur due to non-communicable
diseases such as cardiovascular disease (CVD),



48 Kamalkant Sahu, Dheeraj Abhaykumar Binodkumar. Natural death turned Unnatural.

various cancers, chronic respiratory illnesses,
and diabetes.Cardiovascular diseases including
ischaemic heart disease and cerebrovascular such
as stroke account for 17.7 million deaths.*

CASE PRESENTATION

A 60-year male was brought to the casualty of a
tertiary care hospital, by his son in an unconscious
state, for the last 30 minutes (Image 1). As per
the history provided by the relatives, he was a
known case of hypertension for the last 15 years,
diabetic for the last 10 years and was on regular
prescribed medication. All of a sudden he collapsed
complaining of chest pain at night time. During
the period of resuscitation, he was tested for
Troponin-T, which turned out to be non-significant.
Also, there were no obvious changes on the

Image 3: Choking material in Trachea

electrocardiogram and normal blood sugar level.
Resuscitation attempts were made but were futile.
He was pronounced dead after the examination by
the on-duty doctor. Since the cause of death could
not be established, the body was subjected to a
post-mortem examination.

On post-mortem examination, the heart weighed
378 grams. Ondissection of the heart, 50% narrowing
of the lumen of the left anterior descending artery
was noted. The rest of the coronaries, valves and
walls were unremarkable [Image 2]. The lungs were
then examined, the right lung weighed 487 grams
and the left weighed 468 grams. On dissection of the
trachea, greyish-coloured soft gelatinous material
was noted obstructing both primary bronchi, with
hyperemia [Image 3]. On further dissection of the
lungs, the greyish-coloured material was found till
the terminal bronchus [Image 4].

Image 2: Heart

Image 4: Choking material inside Lung
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DISCUSSION

In 1963, Haugen was the first to coin the term
“Café Coronary”.” FBA at the time of eating
presents with severe dyspnoea. Hence, even after
this long duration passed after the coining of the
term, people still do not suspect choking and
wrongly label them as coronary artery disease,
when the patient is of old age.Home is the most
common place where FBA occurs other than the old
age homes in cases of elderly patients.® This may
due to the non- affordability of trained personnel at
home to take care of elderly people in India.

Berzlanovich AM et al. found in their study that
among the cases brought to the emergency during
their research study period, observers were present
near the patient of FBA in 63% of cases. Moreover,
only in 8% of cases, the fatal emergency was
correctly identified. Most commonly misdiagnosis
related to symptoms of FBA are epileptic seizures,
and cardiac arrest in adult patients.” The special
aspect of FBA in the elderly is still at large not
investigated in elderly patients in the current
medical textbooks.

Elderly individuals take a long time in processing
the food in their mouth before the small pieces can
be swallowed.®® Hence, life-threatening conditions
can occur if the feeding rate is increased leading
to the overloading of deglutition. Thus, such fatal
events may be preventable, subject to knowledge
of the nature and frequency of FBA and its causes.
The data to which can be collected from the medical
health care centres and providers maintaining
records of all such sudden and unexpected deaths."

Various  neurological  conditions  such
as Parkinsonism, Alzheimer’'s disease, or
haemorrhagic stroke leading to difficult mastication
and incoordination can lead to increased incidences
of FBA. Also, the usage of sedative drugs in
certain conditions, with anti-dopaminergic or
anticholinergic activity has been directly linked to
an increased incidence of FBA."12

Heimlich manoeuvre is life-saving in cases of FBA
where the obstruction is at the level of the glottis
and supra-glottic region. ** Simple insertion of
fingers or specially designed curved plastic forceps
insertion into the mouth and hypopharynx can
also be used to remove the obstruction.” The range
of possible outcomes from the tracheobronchial
foreign body includes self-resolution, pneumonia,
lung abscess, asphyxia and death.

India is the fifth contributor to the world’s death.
Among the causes, cardiovascular disease (CVD)

is the most common. Moreover, among Indians
CVD occurs a decade earlier compared to the
western population. The conventional risk factors
fail to explain the increased risk of Indians towards
cardiovascular diseases.' 28% of deaths and 14 % of
total disability-adjusted life years in 2016 were due
to CVD as compared to 15% and 6.9% respectively
in 1990.7

CONCLUSION

Most incidences of FBA occurring in presence
of the public is preventable. Proper training of the
general public in applying the Heimlichmanoeuvre,
can prevent the fatal outcome of choking. Thus, it
is suggested for all first-handphysicians be well-
oriented and trained to differentiate between
choking and CVD. Both being fatal to the individual
warrants urgent management.
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Abstract

Under the Bharatiya Nyaya Sanhita 2023, Section 274, adulterating milk with
hazardous chemicals including hydrogen peroxide is a punishable crime. This caustic
chemical poses significant health risks, particularly to children, causing corrosive harm
to their developing bodies. The law explicitly targets those who endanger public health
by adulterating food or drink intended for sale, imposing strict penalties to deter such
malicious practices. Ensuring the safety and integrity of consumables, especially milk, is
crucial for protecting innocent children and maintaining public trust.
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INTRODUCTION

Mﬂk adulteration has long been a concern
in India, impacting public health and
undermining trust in essential food supplies. One
alarming practice is the deliberate adulteration of
milk with hydrogen peroxide, a caustic chemical. In
some countries hydrogen peroxide is added to milk
as an adulterant for shelf-life extension. However,
in most countries the concentration of hydrogen
peroxide in milk is limited or it is even prohibited
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to add this substance to the product.! Under the
Bharatiya Nyaya Sanhita (Indian Penal Code)
2023, Section 274, addresses this issue explicitly,
criminalizing the adulteration of food or drink
intended for sale. This legislation underscores the
severe repercussions of such actions, particularly

due to the corrosive harm caused to innocent
children.

Hydrogen peroxide, a powerful oxidizing agent,
is sometimes added to milk to extend its shelf life by
preventing bacterial growth. However, this practice
is not only unethical but also highly dangerous.
Hydrogen peroxide can cause significant health
issues when ingested, including irritation and
damage to the gastrointestinal tract, vomiting, and
abdominal pain. In children, whose bodies are still
developing, the impact is even more severe, posing
risks of long-term health complications or even life-
threatening conditions.

The adverse effects of hydrogen peroxide in milk
are particularly pronounced in children, who are
more vulnerable to the toxic effects of chemicals. The
ingestion of adulterated milk can lead to immediate
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symptoms such as burns in the mouth and throat,
difficulty swallowing, and severe digestive issues.
Long-term exposure can impair organ function and
stunt growth, underscoring the critical need for
robust legal protections.

By criminalizing the adulteration of milk with
hydrogen peroxide, Section 274 of the Bharatiya
Nyaya Sanhita 2023 plays a pivotal role in ensuring
the safety and well-being of the population,
particularly children. It sends a strong message to
milk producers and distributors about the serious
consequences of compromising food safety. This
legislative measure is part of a broader effort to
enhance food safety standards in India, promoting
public health and reinforcing consumer confidence.

CASE REPORT

In the midnight, a 4-year-old child was brought
by his parents with alleged history of hazardous
chemical poisoning, in acute distress and crying
state, with profuse transparent secretions from
oral cavity, compromising his airway. On arrival,
he was immediately received in resuscitation bay
in our emergency department in Medanta the
Medicity, sector 38, Gurugram. As per Pediatric
resuscitation guidelines, Airway was secured, and
breathing supported by mechanical ventilator.
On local examination, the mucosa in oral cavity
was reddened, sluffed and fragile, with whitish
deposits adherent to the airway. ABG reported
severe metabolic acidosis with raised lactates. For
suspected foul play, medicolegal report prepared,
and the concerned police authority informed for
further medicolegal investigation of the case. A
detailed history was noted, in which the parents
of child stated that they are owner of a milk dairy
commercially, working from home, and there they
have kept a hazardous chemical: concentrated
Hydrogen peroxide (H,O,) in liquid jar, which is
accidently ingested by their child, while playing
with it. When enquired further for why H,O, is
kept in their home, the patient’s father explained
that they used H,O, as an adulterant to increase the
quantity of buffalo’s milk, for commercial gains.
The patient was shifted to the Intensive Care Unit
and underwent Upper Gastrointestinal Endoscopy,
which reported corrosive caustic lesions in the
stomach and food pipe. The patient started on
antibiotics, proton pumpinhibitorswithintravenous
fluids and kept Nil per orally. In the meanwhile,
we requested the patient’s father to bring the
chemical jar of concentrated Hydrogen peroxide,
which was consumed by the patient, so that the jar

was sent to chemical analysis for identifying the
hazardous chemical, in the biochemistry laboratory
at Medanta Hospital, where the senior Biochemist
reported that it contains concentrated Hydrogen
peroxide. Later the alleged chemical Jar and blood
samples were sent to the Forensic Science Lab and
medicolegal investigation. After intensive therapy
and closed monitoring of vital parameters, the
patient recovered and was discharged in stable
condition.

CASE DISCUSSION

Worldwide, 80% of caustic ingestions occur in
young children.? Adulterated milk in circulation
and consumption poses a bigger threat to
regulators, consumers, and the milk industry
equally in the implementation of food safety
standards. Adulteration in most food products
is a rising challenge and a matter of concern in
front of the authorities of countries, especially the
developing ones.* Adulteration of Buffalo milk,
white in colour with similar looking but hazardous
caustic chemical: Hydrogen peroxide, which turns
white in contact with urea and water. Although
it looksalike the white milk, and to make it taste
sweet, an artificial sweetener is added. Hydrogen
peroxideis an oxidizing agent, butitis very unstable
and readily breaks down to oxygen and water.
Generation of oxygen gas in closed body cavities
can potentially cause mechanical distension that
results in gastric or intestinal perforation, as well as
venous or arterial gas embolization.

H,0, is acidic, not an alkali

Hydrogen peroxide typically has a pH between
3 and 6, influenced by its concentration and
production method. In aqueous solution, H,O,
releases two hydrogen ions, whereas water releases
one. Because H,O, protonates more extensively
than water, it has a higher acid dissociation
constant (Ka), making it a stronger Brensted-Lowry
acid compared to water. Acids cause coagulation
necrosis, forming an eschar that limits further
damage, primarily affecting the stomach more
than the esophagus. In contrast, alkalis cause rapid
liquefaction necrosis without forming an eschar,
allowing damage to persist until the alkali is
neutralized or diluted, and they typically affect the
esophagus more than the stomach.’

Hydrogen peroxide is commonly used in dental
products like mouth rinses and tooth whiteners, as
well as in skin disinfectants, hair treatments, and
earwax removers. It also has numerous industrial
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applications. In veterinary medicine, it is used to
induce vomiting. Hydrogen peroxide for household
use is available in 3-5% solutions and causes only
mild throat and gastric irritation with ingestion
of less than loz.® However, gas embolization has
occurred with low concentrations used in surgical
irrigations.” Hair-bleaching solutions may contain
hydrogen peroxide concentrations above 10%, which
can be corrosive. Most reported fatalities involve
ingesting undiluted 35% hydrogen peroxide, sold
as “hyperoxygen therapy” in health food stores or
labeled “food grade” in industrial settings.

Consult an expert pediatric gastroenterologist
for a potential Upper Gastrointestinal endoscopy
after children ingesting corrosive agents like
concentrated hydrogen peroxide or potassium
permanganate. Most ingestions are benign, causing
only mild, self-limited irritation. However, for
gas emboli resulting from concentrated peroxide
ingestion, consider hyperbaric oxygen treatment.

Concentrated hydrogen peroxide solutions
(20-30%) are strong irritants to the skin and mucous
membranes, causing significant irritation upon
contact. Even at lower concentrations, such as 6%,
it acts as a weak irritant, releasing 20 vol% oxygen
on contact with skin or mucous membranes. When
used in colonic lavage, hydrogen peroxide can
cause severe complications like gas embolism and
intestinal gangrene, even at concentrations as low
as 0.75%.

For treating hydrogen peroxide ingestion, it is
crucial to immediately provide water to dilute the
substance. Using a gastric tube is recommended to
prevent increased internal pressure and mitigate
potential damage. Given the risks associated with
concentrated hydrogen peroxide, particularly for
medical or cosmetic uses, handling should always
be cautious, and appropriate protective measures
should be taken. Additionally, seeking prompt
medical attention is vital to manage any adverse
effects effectively, especially in cases of high-
concentration exposure or internal use.

Legal aspects of Adulteration of edible natural
product with hazardous chemical

As per BNS (Bharatiya Nyaya Sanhita) 2023,
Section 274: Whoever adulterates any article of
food or drink, so as to make such article noxious as
food or drink, intending to sell such article as food
or drink, or knowing it to be likely that the same
will be sold as food or drink, shall be punished
with imprisonment of either description for a term
which may extend to six months, or with fine which
may extend to five thousand rupees, or with both.®

During the recent legal update by the Parliament, the
cost of penalty is increased from one thousand,’ to
five thousand rupees, although it’s still peanuts for
anyone adulterating milk, who are earning in lakhs
every month,'® by illegal act, harming the others.

Section 274 of the Bharatiya Nyaya Sanhita 2023
is a critical piece of legislation designed to protect
consumers from such hazardous practices. The
section stipulates strict penalties for anyone found
guilty of adulterating food or drink with harmful
substances. By explicitly mentioning “adulteration
of food or drink intended for sale,” the law
aims to safeguard public health and ensure that
consumables meet safety standards. This provision
is especially pertinent in the context of milk, a staple
in the diet of children across India.

The inclusion of hydrogen peroxide in milk
constitutes a clear violation of Section 274. The law
recognizes the act of adding harmful substances
to food as a deliberate and malicious attempt to
deceive consumers and endanger their health. The
perpetrators of such acts are subject to stringent
legal consequences, reflecting the gravity of their
offenses. This legal framework serves as a deterrent,
aiming to curb the prevalence of food adulteration
by imposing severe punishments on offenders.

Toxic Detective’s analysis of intoxicating idiom:
Do not cry over spilled milk!

The phrase ‘Don’t Cry over Spilt Milk" means
there’s no use in worrying over past events which
cannot be changed, to feel sorry or sad about
something that has already happened." Toxic
Homonyms are similar sounding words with
different meanings, causing impact in thoughtful
investigation by a toxic detective. The title of
the riddle is very titillating, for the youth, as it
indicates revenge by injuring an eye for an eye. But
as preachers like Mahatma Gandhiji said, injuring
an eye for an eye, in revenge and the whole world
will go blind. So, forgiveness is a bigger way of
forgetting the harm suffered than taking petty
revenge. But nature has its own way to handle the
balance of right and wrongs done by greedy people,
who adulterate the food supplied for commercial
purposes, and make easy money, after diluting its
contents, not only reducing the nutritional value,
but increasing its harming capacity. As mostly
cheap adulterants are synthetic chemicals, which
are hazardous for ingestion. Don’t Cry Over Spilled
Milk: A Case Report on Intoxicating Mystery for
Forensic Chemistry says it all about its adulteration,
thus creating toxic emergencies, from time to time,
resulting in untimely deaths of innocent population.
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Table 1. Toxic Riddle in Rhymes

Toxic Proverb in Rhymes: Tit for Tat.!

Do U know an intoxicating Case Scenario to Chat!

A strategy for iterated Prisoner’s Dilemma in splat.
Toxic Riddle in Rhymes based on homonyms Scat.
Where there’s Equivalent Retaliation, by Tit for Tat!
When Milk is Adulterated After Milking Teat to Get?
Extra amount of white coloured content alike that.
Which kills its consumer whether it’s a Cat or Rat.
As it acts as an oxidizing agent when it’s diluted at!
1-2% of its strength derived from industrial combat,
By nature’s revenge, Adulterator’s child drank that,
Brought to Emergency, in Comatose State, full flat,
Thus, Milkman who misused, the harmful HAZMAT!
To dilute, pure milk, and increase its quantity STAT.
Didn’t thought that it is dangerously toxic to hepat,
But when his own Child admitted in ICU, where at,
& he realized criminal act harming human habitat,
Child suffered corrosive ulcers needing hemostat,
Underwent urgent laparotomy to seal leaked spat,
Lets” Decode this toxic Riddle & win a cocked Hat.

Where chemical is adulterated in milk to look fat

CONCLUSION

In conclusion, the adulteration of milk with
hydrogen peroxide is a grievous offense under the
Bharatiya Nyaya Sanhita 2023, Section 274. This
practice not only deceives consumers but poses
significant health risks, especially to children.
The law’s stringent penalties for such actions
are essential in safeguarding public health and
maintaining the integrity of the food supply.
Ensuring the safety of milk and other consumables
is a critical responsibility, and the legal framework
provided by Section 274 is a vital tool in achieving
this goal.
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Strengths and limitations of the study (study
question, study design, data collection, analysis
and interpretation); Interpretation and implications
in the context of the totality of evidence (is there a
systematic review to refer to, if not, could one be
reasonably done here and now?, What this study
adds to the available evidence, effects on patient
care and health policy, possible mechanisms)?
Controversies raised by this study; and Future
research directions (for this particular research
collaboration, underlying mechanisms, clinical
research). Do not repeat in detail data or other

material given in the Introduction or the Results
section.

References

List references in alphabetical order. Each listed
reference should be cited in text (not in alphabetic
order), and each text citation should be listed in
the References section. Identify references in text,
tables, and legends by Arabic numerals in square
bracket (e.g. [10]). Please refer to ICMJE Guidelines
(http://www.nlm.nih.gov/bsd/uniform_
requirements.html) for more examples.

Standard journal article

[1] Flink H, Tegelberg A, Thérn M, Lagerlof F.
Effect of oral iron supplementation on unstimulated
salivary flow rate: A randomized, double-blind,
placebo-controlled trial. ] Oral Pathol Med 2006;
35: 540-7.

[2] Twetman S, Axelsson S, Dahlgren H, Holm
AK, Kallestal C, Lagerlof F, et al. Caries-preventive
effect of fluoride toothpaste: A systematic review.
Acta Odontol Scand 2003; 61: 347-55.

Article in supplement or special issue

[3] Fleischer W, Reimer K. Povidone iodine
antisepsis. State of the art. Dermatology 1997; 195
Suppl 2: 3-9.

Corporate (collective) author

[4] American Academy of Periodontology. Sonic
and ultrasonic scalers in periodontics. ] Periodontol
2000; 71: 1792-801.

Unpublished article

[6] Garoushi S, Lassila LV, Tezvergil A,
Vallittu PK. Static and fatigue compression test
for particulate filler composite resin with fiber-

reinforced composite substructure. Dent Mater
2006.

Personal author(s)

[6] Hosmer D, Lemeshow S. Applied logistic
regression, 2nd edn. New York: Wiley-Interscience;
2000.

Chapter in book

[7] Nauntofte B, Tenovuo J, Lagerlof F. Secretion
and composition of saliva. In: Fejerskov O,
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Kidd EAM, editors. Dental caries: The disease
and its clinical management. Oxford: Blackwell
Munksgaard; 2003. p. 7-27.

No author given

[8] World Health Organization. Oral health
surveys - basic methods, 4th edn. Geneva: World
Health Organization; 1997.

Reference from electronic media

[9] National Statistics Online —Trends in suicide
by method in England and Wales, 1979-2001. www.
statistics.gov.uk/downloads/theme_health/HSQ
20.pdf (accessed Jan 24, 2005): 7-18. Only verified
references against the original documents should
be cited. Authors are responsible for the accuracy
and completeness of their references and for correct
text citation. The number of reference should be
kept limited to 20 in case of major communications
and 10 for short communications.

More information about other reference types
is available at www.nlm.nih.gov/bsd/uniform_
requirements.html, but observes some minor
deviations (no full stop after journal title, no issue
or date after volume, etc).

Tables

Tables should be self-explanatory and should
not duplicate textual material.

Tables with more than 10 columns and 25 rows
are not acceptable.

Table numbers should be in Arabic numerals,
consecutively in the order of their first citation in
the text and supply a brief title for each.

Explain in footnotes all non-standard
abbreviations that are used in each table.

For footnotes use the following symbols, in this
sequence: *, 9, 1, 11,

Illustrations (fig.s)

Graphics files are welcome if supplied as Tiff,
EPS, or PowerPoint files of minimum 1200x1600
pixel size. The minimum line weight for line art is
0.5 point for optimal printing.

When possible, please place symbol legends
below the fig. instead of to the side.

Original color fig.s can be printed in color at the
editor’s and publisher’s discretion provided the
author agrees to pay.

Type or print out legends (maximum 40
words, excluding the credit line) for illustrations
using double spacing, with Arabic numerals
corresponding to the illustrations.

Sending a revised manuscript

While submitting a revised manuscript,
contributors are requested to include, along
with single copy of the final revised manuscript,
a photocopy of the revised manuscript with
the changes underlined in red and copy of the
comments with the point to point clarification to
each comment. The manuscript number should
be written on each of these documents. If the
manuscript is submitted online, the contributors’
form and copyright transfer form has to be
submitted in original with the signatures of all
the contributors within two weeks of submission.
Hard copies of images should be sent to the office
of the journal. There is no need to send printed
manuscript for articles submitted online.

Reprints

Journal provides no free printed reprints,
however a author copy is sent to the main author
and additional copies are available on payment
(ask to the journal office).

Copyrights

The whole of the literary matter in the journal is
copyright and cannot be reproduced without the
written permission.

Declaration

A declaration should be submitted stating that
the manuscript represents valid work and that
neither this manuscript nor one with substantially
similar content under the present authorship
has been published or is being considered for
publication elsewhere and the authorship of this
article will not be contested by any one whose
name (s) is/are not listed here, and that the order of
authorship as placed in the manuscript is final and
accepted by the co-authors. Declarations should be
signed by all the authors in the order in which they
are mentioned in the original manuscript. Matters
appearing in the Journal are covered by copyright
but no objection will be made to their reproduction
provided permission is obtained from the Editor
prior to publication and due acknowledgment of
the source is made.
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Approval of Ethics Committee

We need the Ethics committee approval letter
from an Institutional ethical committee (IEC) or
an institutional review board (IRB) to publish
your Research article or author should submit a
statement that the study does not require ethics
approval along with evidence. The evidence could
either be consent from patients is available and
there are no ethics issues in the paper or a letter
from an IRB stating that the study in question does
not require ethics approval.

Abbreviations

Standard abbreviations should be used and be
spelt out when first used in the text. Abbreviations
should not be used in the title or abstract.

Checklist
* Manuscript Title
*  Covering letter: Signed by all contributors

e Previous publication/ presentations
mentioned, Source of funding mentioned

e Conflicts of interest disclosed

Authors
* Middle name initials provided.

e Author for -correspondence,
address provided.

with e-mail

*  Number of contributors restricted as per the
instructions.

* Identity not revealed in paper except title page
(e.gname of the institute in Methods, citing
previous study as ‘our study’)

Presentation and Format
*  Double spacing
* Margins 2.5 cm from all four sides

* Title page contains all the desired information.
Running title provided (not more than 50

characters)

e Abstract page contains the full title of the
manuscript

e Abstract provided: Structured abstract

provided for an original article.
* Key words provided (three or more)
* Introduction of 75-100 words
* Headings in title case (not ALL CAPITALS).

References cited in square brackets

*  References according to the journal’s instructions

Language and grammar
*  Uniformly American English

e Abbreviations spelt out in full for the first time.
Numerals from 1 to 10 spelt out

*  Numerals at the beginning of the sentence spelt
out

Tables and fig.s

*  No repetition of data in tables and graphs and in
text.

* Actual numbers from which graphs drawn,
provided.

* fig.s necessary and of good quality (color)

e Table and fig. numbers in Arabic letters (not
Roman).

e Labels pasted on back of the photographs (no
names written)

* fig. legends provided (not more than 40 words)

* Patients’ privacy maintained, (if not permission
taken)

*  Credit note for borrowed fig.s/tables provided

*  Manuscript provided on a CDROM (with double
spacing)

Submitting the Manuscript
* Isthejournal editor’s contact information current?

e Is the cover letter included with the manuscript?
Does the letter:

1. Include the author’s postal address, e-mail
address, telephone number, and fax number for
future correspondence?

2. State that the manuscript is original, not
previously published, and not under concurrent
consideration elsewhere?

3. Inform the journal editor of the existence of any
similar published manuscripts written by the
author?

4. Mention any supplemental material you are
submitting for the online version of your
article. Contributors” Form (to be modified as
applicable and one signed copy attached with
the manuscript)
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