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2

Cephalic index was identified by Swedish Professor of
Anatomy Anders Rezitus (1796-1860) and first used physical
anthropology to classify ancient human remains found in
Europe. As it has been learnt from available literature, Cephalic
Index was determined in 400 students from different regions
of India. Geographical distribution of Cephalic Index revealed
variations. Significant gender difference in the Cephalic Index
was noted in Western and Southern regions of India.

were selected from each region. Measurements are taken with
the subject sitting in relaxed condition and head in Anatomical
position.
Maximum breadth of the head, the greatest transverse
diameter of the head that is usually found at a point over each
parietal bone that is found at a most lateral point (Eurion) and
maximum length of the head, the distance between the
Glabella (the most prominent point in the mid saggital plane
between the eyebrows) and the Opisthocranium (the point of
most backward projection of the head in the mid plane)
(Hardlika, 1947) were determined by spreading caliper.

Key words

Observations and results

Anthropology; Genetics; Cephalic Index; Forensic
Medicine;

From the collected data, statistics were analyzed;
observations and results are presented in the tabular form.
Results are expressed as Mean, Standard deviation, Number
and Percentages. One Way Anova (Analysis of variants) was
used for multiple group comparisons and group wise
comparison by students “t” test. A “p” value of 0.05 or less
was considered as statistical significance.
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To study Cephalic Index of all regions of India Medical
students were selected in the age group of 17 to 20 years
coming from different regions of India. As per the survey of
India outline map, India as a whole has been divided into four
regions, they are North, East, West and South. Then they were
categorized into four different regions and 100 student subjects

In present study, in northern region of students mean and
standard deviation of Cephalic Index was 79.14+ 4.72 for males
and 80.74+ 3.97 for females. Predominance of mesocephalic
phenotype was noticed in both males and females. In eastern
region of 100 students mean and standard deviation of

13

Materials and methods

Discussion

29

Evolution is simply defined as Genetic change over time.
The principles of modern evolutionary theory have withstood
years of scrutiny and scientific challenges. Physical
Anthropology is a science founded on evolutionary principles.
It is important to realize that evolution is a documented fact.
The relative frequencies of genes change over time because of
four evolutionary processes or mechanisms. Natural selection
is one of the evolutionary processes. The others include
nutrition, genetic drifts and genetic flow. Biological
Anthropology is the science that considers human as biological
organisms in terms of both their evolutionary history and
biological variation. Cephalic Index is the terminology used in
Anthropology for having in easy identifying module or
numerical to distinguish the given sample or individual, either
into race or sex or even as identity of the individual(reddy ksn
2004).
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No. of Subjects

Abstract

India

Regions

Table 1: Different types of Cephalic phenotypes in India.
Cephalic Phenotype
Ultradolichocephalic
Hyperdolichocephalic
Dolichocephalic
Mesocephalic
Brachycephalic
Hyperbrachycephalic
Ultrabrachycephalic

Cephalic Index
55.0 - 59.9
60.0 – 64.9
65 – 74.9
75 – 79.9
80 -84.9
85 – 89.9
90.0 – 94.9
CI < 94.9

North
01
13
41
34
9
2

East
06
37
43
12
2

West
04
33
42
19
2

South
9
27
36
23
5

India
30
138
155
10
01

100

100

100

100

400
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Table 2: Different types of cephalic phenotypes of Males and Females in India
Cephalic
phenotype

Cephalic
Index

North
Male
Female
No. % No. %
Ultradolichocephalic 55.0 to 59.9
Hyper dolichocephalic 60.0 to 64.9 1 1.6
Dolichocephalic
65 to 74.9 10 15.6 3 8.3
Mesocephalic
75 to 79.9 26 40.6 15 41.7
Brachycephalic
80 to 84.9 21 32.8 13 36.1
Hyperbrachycephalic 85 to 89.9
5 7.8
4 11.1
Ultrabrachy cephalic
90.0
1 1.6
1 2.8
to
94.9
CI < 94.9
Total
6
10
3 10
4
0
6
0

East
Male
Female
No.
% No. %
5
7.7 1
2.9
27 41.5 10 28.6
26 40.0 17 48.6
7
10.8 5 14.3
2
5.7

6
5

Graph 2: Different types of Cephalic phenotypes of Males and
Females in India
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Male
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Cephalic Index for males 80.20+3.75 and for females
81.72+4.58. from western region of India among 100 student
subjects, mean and standard deviation of Cephalic Index for
males 80.56+4.44 and for females 82.51+4.33. Predominance
of brachycephalic head was noticed in both males and females.
Cephalic Index of male and female were compared and found
statistically significant. From southern region of India, 37 males
and 63 females were studied, mean and standard deviation of
Cephalic Index for males 80.22+4.43 and for females 83.01
+4.62. Predominance of brachycephalic head was noticed in
both males and females. On comparison of Cephalic Index of
males and females the value were found to be statistically
significant.
Regionwise comparison of Cephalic Index was done and
statistically significant values were obtained. Statistically p value

was found on comparing average Cephalic Index between
western and northern regions and Southern and Northern
regions.

Conclusion
Geographical distribution of Cephalic Index revealed
regional variations. Dominant type in Northern region of India
was mesocephalic and Eastern, Western and Southern regions
show predominance of brachyocephlaic phenotype. The
population of tropical region showed brachycephaly while
temperate region population showed mesocephaly suggesting
role of environmental factors.
The study showed that there is a significant gender
difference in the Cephalic Index in both Western and Southern
regions. But such a statistically significant gender difference

Table 2: Comparison of Cephalic Index in Males and Females
Region Gender
North
East
West
South

Male
Female
Total
Male
Female
Total
Male
Female
Total
Male
Female
Total

No. of
subjects
64
36
100
65
35
100
45
55
100
37
63
100

Min
64.00
73.30
64.00
71.6
67.4
67.39
72.8
75.4
72.78
73.1
70.1
70.10

Cephalic Index
Max
93.50
91.4
93.55
89.9
90.8
90.79
88.9
97.1
97.14
90.2
94.0
74.04

Mean ± SD
79.14 ± 4.72
80.74 ± 3.97
79.72 ± 4.51
80.20 ± 3.75
81.72 ± 4.58
80.74 ± 4.11
80.56 ± 4.44
82.51 ± 4.33
81.63 ± 4.46
80.22 ± 4.43
83.02 ± 4.62
81.99 ± 4.73

Ref. Range
(95% CI)
69.70 – 88.58
72.80 – 88.68
70.70 – 88.74
72.70 – 87.70
72.56 – 90.88
72.52 – 88.95
71.68 – 89.44
73.85 – 91.17
72.69 – 90.57
71.42 – 89.02
73.78 – 92.26
72.52 – 91.45

Male Vs Female
Mean Diff. t-value*
P
1.60
1.72
0.09, NS
0.14

1.79

0.08, NS

2.17

2.21

< 0.5, S

2.36

2.97

< 0.01, S

* Student’s t-test
P < 0.05, Significant
P > 0.05 not Significant
2
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Table 3: Regionwise comparison of Cephalic Index
Region
Cephalic Index Mean ± SD
1. North
2. East
3. West
4. South

100
100
100
100

Difference between regions*
Regions compared
Mean Diff.
P-value
1–2
1.02
0.38, NS
1–3
1.91
< 0.05, S
1–4
2.26
< 0.01, S
2–3
0.89
0.48, NS
2–4
1.25
0.19, NS
3–4
0.36
0.94, NS
* Post-hoc Tukey’s test

79.72 ± 4.51
80.74 ± 4.11
81.63 ± 4.46
81.99 ± 4.73

One way ANOVA F = 5.16 p < 0.01, S

Cephalic Index in different Indian groups compared with present study
Sl. No.
Population
Workers
1
K. Vangaja
Basu (1963)
2
Bhils
Bhargav and Kher (1960)
3
Barelas
Bhargav and Kher (1961)
4
Gujarati
Shah GV and Jadhav HR (2004)
5.
Mahers
Karne (1951)
6.
Bombay
Karne (1951)
Present study
7.
Northern Indians
Present study
8.
Eastern Indians
Present study
9.
Western Indians
Present study
10.
Southern Indians
Present study
Graph 4: Chart showing regionwise comparison of Cephalic
Index
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of Cephalic Index in Northern and Eastern regions is not
observed in present study.
Since there has been paucity of data which includes all
the regions of India for measurements of Cephalic Index, the
results of the present study may be useful in Pediatrics, Forensic
Medicine, Plastic surgery, Oral surgery, Dentistry and Diagnostic
comprehension between patient and normal population.
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79.50
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Pattern of Poisoning cases admitted at a Tertiary Care Centre in
the Kumaon region of Uttarakhand
Subhash C. Joshi*, Arun Joshi**, Pranesh Nigam***, Godawari Joshi****, Chandra Prakash*****
*Assistant Professor of Medicine, **Associate Professor of Medicine, ***Professor and Ex- Head, Department of Medicine,
****Assistant Professor, Department of Obstetric & Gynaecology, ******Associate Professor, Department of Forensic & Toxicology,
Dr. Sushila Tiwari Memorial Forest Hospital and Uttarakhand Forest Hospital Trust Medical College, Haldwani 263 139, District
Nainital, Uttarakhand

Abstract
Poisoning is a common mode of suicide in developing
countries like India, particularly in agricultural workers. A total
350 cases of poisoning were analysed during the two year
period from January, 2007 to December, 2008. The emphasis
was given on age, sex, socio-economic status, rural / urban,
type and mode of poisoning. The most common type of
poisoning was found to be organophosphorus (67.43%) and
the least was prallethrin (All out) (0.28%). The Common motive
of poisoning was suicidal in both male (63.43%) and female
(32.58%), especially in young population of rural background
with agricultural occupation. One probable reason for this could
be due difficult geographical topography of hilly terrain, totally
monsoon dependent agricultural practice and poor socio
economic status of the population specific to this area.

Key words
Poisoning Pattern, Suicidal, Homicidal.

Material and methods

Introduction
Poisoning is a common mode of suicide has been known
since antiquity. The choice of agents used for poisoning not
only depends on the availability, cost and potential harmful
effects of poison but also has regional consideration. It has
been seen that the nature and profile of different modes of
Table 1: Socio Demographic Profile of victims (n-350)
Age (years)
01-10
11-20
21-30
31-40
41-50
51-60
61 and above
Sex
Male
Female

Total

Total
Male to Female ratio
Socio Economic Status
Lower Class
Middle Class
Upper Class
Total
Educational Status
Illiterate
up to high school
up to intermediate
up to graduate/
post graduate
Total
4

poisoning varies significantly even in the different parts of India.
Easy availability without any question or documentation
and low cost of hazardous chemicals plays a major role in both
accidental and suicidal poisoning in developing countries like
India, Srilanka and South Africa etc1,2,3,4,5,6. According to WHO
(1999) more than three million poisoning cases have been
reported out of which 251,881 death occur world wide
annually7,8. A comparative data revealed that in developed
countries, the mortality rates due to poisoning is only 1% to
2% but in developing countries like India, It varies between
15% to 30%9 and is the fourth most common cause of mortality,
especially in rural India1,10. Hence, detailed knowledge about
the nature of poisoning cases in particular area is not only
important for early diagnosis and treatment but also essential
to make new policy by government for prevention of poisoning
cases.
The aim of the present study was to know the actual
magnitude, pattern and profile of poisoning at a tertiary care
centre in the Kumaon region of Uttarakhand.

Number
25
97
155
44
21
7
1
350
Number
233
117
350
1.99:1
Number
209
135
6
350
Number
180
106
58
6

Percentage
7.14
27.71
44.29
12.58
6.00
2.00
0.28
100%
Percentage
66.58
33.42
100%
Percentage
59.71
38.58
1.71
100%
Percentage
51.43
30.28
16.58
1.71

350

100%

This observational study was conducted between January,
2007 to December, 2008 in the Department of Medicine, Dr.
Susheela Tewari Memorial Forest Hospital and Uttarakhand
Forest Hospital Trust, Medical College, Haldwani, the only
referral center for whole Kumaon region of Uttarakhand.
A total 350 cases of poisoning were analysed during this
period. The Data was collected from all poisoning cases
admitted in the emergency in a proforma as per the history
given by the patient / attendant, hospital records with particular
emphasis being given on the age, sex, socio economic status,
place from where referral, rural / urban, type and motive of
poisoning. All data was anaylysed, documented and
interpretated.

Observation
Total 350 cases of poisoning were registered during the
period, January, 2007 to December, 2008. The majority of were
male (66.58%) and male female ratio was 1.99:1. Persons of
lower and middle class were the commonest victims (59.71%)
and (38.58%). The least involved were upper class (1.71%).
Most of the victims were either illiterate or educated up to
high school and belonging to rural areas. (81.72%), shown in
table no. 1 & 2. Occupation wise farmers were on top of the
list (50.29%) that was followed by house wife (25.72 %) as
depicted in table 3.
The Commonest type of poisoning was organophosphorus
(67.43%) and the least common was prallethrin (0.28%), single
case was detected as shown in table 4. Common motive of
Table 2: Rural / Urban distribution of Victims
Residence
Number
Percentage
Rural
286
81.72%
Urban
64
18.28%
Total
350
100%
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Table 3: Occupation of Victims (n=350)
Occupation
No. of Pts
1- Farmer
176
2- House Wife
90
3- Labourer
46
4- Student
15
5- Driver
8
6- Clerk
3
7- Businessman
2
8- Others
10
Total
350

Percentage
50.29%
25.72%
13.14%
4.28%
2.28%
0.86%
0.57%
2.86%
100%

Table 4: Types of Poison Consumed ( n= 350)
Types of Poison
Number
Percentage
1. Organophosphorus
236
67.43
2. Aluminium Phosphide
75
21.43
3. Zinc Phosphide
10
2.86
4. Kerosene
7
2.00
5. Medicinal Drug
7
2.00
(Phenobarbitone
Diazepam, Aprazolam)
6. Corrosive
5
1.43
7. Vegetable Poison
3
0.86
(Dhatura, Mushroom)
8. Prallethrin (All out)
1
0.28
9. Unknown
6
1.71
Total
350
100%
poisoning was suicidal in both males (63.43%) and female
(32.58%). No homicidal poisoning was observed in this study,
shown in table 5. Distance from the place of referral to our
Hospital varied from 1 km to about 280 km and in a few cases
the patient in transit spent upto 8 hours to reach our Hospital.

Discussion
Due to rapid urbanization, social and economic factors
are major contributors to frustration and depression in our
community and the persons who are not able to cope-up with
these stressful situations are the major victims of suicidal
poisoning.
In our study, the majority of victims were male (66.58%)
and they were in age group of 21 to 30 years (44.29%) . Male
to female ratio was 1.99:1 which was consistent with other
studies1,3,6. It is well known that, this particular age group is
most active phase of life and they are more vulnerable for
stress, which some time leads to suicidal tendency. Similar
observation was noted in previous studies1,7 . The commonest
poisoning in our study was organophosphorus (67.43%). This
was consistent with the observations made by the other
authors1,2.
Suicidal Poisoning was the commonest motive of
poisoning in farmers residing especially in rural hill areas
(50.29%) and belonging to low socio economic status (59.71%).
These observations are consistent with other studies,2,11. The
difficult geographical topography of hill area, unemployment,
illiteracy, belonging to low socio economic strata and totally
monsoon dependent agricultural practice could be a few factors
for this. As a consequence they are not able to generate
required income for their day to day life, which leads to stressful
situations and easy availability of poison in home also
provocative for suicidal attempts.

Table 5: Motive of Poisoning (n=350)
Motive
Male
No.
%
1. Suicidal
222
63.43
2. Accidental
11
3.14
3. Homicidal
0
0
Total
233
66.57

Female
No
%
114
32.58
3
0.85
0
0
117
33.43

Accidental poisoning in our study was mainly seen in
children due to accidental ingestion of poison and in adults
due to inhalation of insecticide during spraying in the fields
or ingestion of poison unknowingly.

Conclusion
It can be inferred from our study that strict implementation of pesticide act and making a new policy by
government for educating youth about harmful effect of
poision, upgrading the peripheral health center to render
immediate management in poisoning case, introduction of
separate toxicological unit and of course also provide
employment to youth through various government resources
and scheme to improve the socio-economic status of the local
inhabitants could go a long way in helping to reduce mortality
and morbidity due to poisoning.
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Abstract
Pesticides are being used in our society for the control
and destruction of organisms interfering with his food, health
and amenities. The Organophosphate insecticides are the
insecticide group of choice in the agricultural world and are
the most common cause of poisoning among the pesticides.
These compounds are easily available in retail market and thus
become popular for suicidal and accidental poisoning in
developing countries like India, Srilanka, Iran etc. Homicidal
administration is usually practiced by mixing these compounds
with alcohol and capsules. Due to the lack of any official
guidelines about the usage of pesticides in agriculture and
domestic life there is a surge in the misuse of these agents in
developing countries like India causing morbidity and mortality.
The resources for treating this number of cases in government
hospitals are limited and likely have an impact on patient
outcome. In the present study we made an effort to analyze
the impact of social, age, sex, area, manner, management and
outcomes of OP poisoning in tertiary hospital.

The methods adopted by prospective suicides have
undergone a revolution in recent times. Pesticide poisoning is
a significant problem in India. Organophosphorus (OP)
compounds cause most self-poisoning deaths in southern and
central India4,5,6. In Andhra Pradesh, there is an enormous rise
in the utility of Organophosphate compounds for committing
suicides year after year7. The agents are commonly consumed
or administered by oral route, hence the absorption and action
is immediate resulting death in most of the cases. As the fatal
dose of these agents vary and fatal period is short, early
diagnosis and treatment is most effective in poisoning cases.
Due to the lack of any official guidelines about the usage of
pesticides in agriculture and domestic life there is a surge in
the misuse of these agents in developing countries like India
causing morbidity and mortality. The resources for treating this
number of cases in government hospitals are limited and likely
have an impact on patient outcome7. OP poisoning mortality
can be prevented with assessment of severity and timely
institutional care8. In the present study we made an effort to
analyze the impact of social, age, sex, area and manner of
poisoning cases, management and outcomes of op poisoning
in tertiary hospital.

Key words
Organophosphorus compounds, Poisoning, Suicide

1. Introduction
The Organophosphate insecticides are the insecticide
group of choice in the agricultural world and are the most
common cause of poisoning among the pesticides. Over 80%
of all hospitalizations resulting from organophosphate group
of pesticides, affecting farmers, skilled and unskilled laborers
and children. Organophosphorus compounds (OPC) are also
in common domestic use for the destruction of vermin and
rodents. Pesticides are being used in our society for the control
and destruction of organisms interfering with his food, health
and amenities. These compounds are easily available in retail
market and thus become popular for suicidal and accidental
poisoning in developing countries like India, Srilanka, Iran etc1,2,3
Acute pesticide poisoning is now an important cause of
morbidity and mortality worldwide1. According to World Health
Organization (WHO) estimates published in 1990 around 3
million poisoning cases with 220,000 deaths occur annually.
About 99% of these deaths occur in developing countries.
Homicidal administration is usually practiced by mixing these
compounds with alcohol and capsules. Few numbers of
accidental deaths due to contamination and leakage of these
compounds in commonly used commodities have also been
reported. The increased awareness among the people about
lethal nature of these compounds made them as popular agents
for committing suicides.
Table 1: Year wise distribution
Year
No of poisoning
cases
2002-03
209
2003-04
141
6

No of OP
poisonings
147
116

% of OP
poisoning
70.33
82.27

2. Material and methods
The study was carried out from 2002 to 2004 during this
period 263 Organophosphorus compound poisoning cases
were admitted in acute medical care unit of tertiary care
hospital, Hyderabad. A.P, India. The patients were studied from
the time of admission, and during the survival period until
recovery or death.
2.1. Collection of Data
1. Hospital case sheets
2. Police inquest report
3. The post mortem report
4. Information was also extracted from the relatives and
eyewitnesses (in some cases) regarding the type of
poisoning.

3. Results
In the two year study, 350 poisoning cases were admitted
in the hospital, out of which 263(75.14%) cases were
Organophosphorus compound poisonings. Table-1 shows
percentage of OP poisoning cases during the year 2002-2004.
In the year 2003, out of 141 cases of poisoning, maximum
Table 2: Age wise distributions
Age
Male
Female
5-10
0
02
11- 20
31
24
21- 30
56
36
31- 40
31
23
41- 50
22
17
51-60
11
04
61-70
04
02

Total
02
55
92
54
39
15
06

%
0.76
20.53
34.98
20.53
14.82
5.70
2.29
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Table 3: Sex wise distributions
Sex
No of cases
Male
155
Female
108
Table 4: Area wise distributions
Area
Male
Urban
51
Rural
104

%
56.65
43.35
Female
32
76

%
31.55
68.45

number of Organophosphorus poisoning cases alone
constituted 116(82.27%). The data in the Table-2 shows Age
wise distributions of OP poisonings. Out of 263 cases, majority
(34.98%) was in the age group of 21-30 yrs and least (0.76%)
in the age group of 5-10yrs. The data in Table -3 shows Sex
wise distributions in which 155 were male (56.65%), 108 were
female (43.3). Table -4 shows Area wise distributions of OP
poisonings where 83(31.55%) belong to urban and 180
(68.45%) belong to rural area. Table -5 gives information gives
information regarding the no. of dowry deaths among female
deaths Out of 108 females, 22 (20.37) were dowry deaths.
The data in Table -6 shows marital status of deceased due to
OP poisoning. Out of 155males admitted 90 (58.06 %) patients
were married and 65 (41.94 %) patients were unmarried. Out
of the 108 females who admitted for poisoning 76 (70.37 %)
patients were married and 32 (29.63%) were unmarried. Table
-7gives the information regarding the period of survival .
Among 263 patients admitted 108 were survived.

4. Discussion
4.1. Age
In the present investigation 263cases of Organophosphorus poisoning cases were studied in detail. It was noted
that majority (34.98%) was in the age group of 21-30 yrs. and
least (0.76%) in the age group of 5-10yrs. Similar statistics
have been also been reported by Gautami et al.(2001)7,Singh
et al.(1984)9 Vishwanathan and Srinivasan (1962)10, Gupta et
al.,(1999)11 and Fingerhut et al.,(1998)12. Most deaths were
seen in 21-30 Y age groups. The predominance of this age
group is due to fact this age group constitutes most active
period of life. People have a tendency to take more risks in
pursuit of success and also frustration and depression are more
common in personal as well as in Professional life in this age
group. The death toll was less in the children below 10 Y (1%)
and the elderly above 60Y (2.29%). This small percentage may
be primarily because of sedentary, calm and tension free life
lead by these two age groups compared to the other age
groups.
4.2. Sex
Sex distribution in this study shows a male preponderance.
Total no. of op poisoning cases 263, out of them 155 were
male (56.65%), 108 were female (43.35%). Similar findings
have been reported by Karalliedde and Senanayake (1989)8.
4.3. Urban and Rural Variation
This study shows that 83(31.55%) belongs to urban and
180 (68.45%) belongs to rural area. Similar observations made
by Gautami et al. (2001)7, Gupta et al.(1999)11, Ottoand Spate
(1975)13, Batra et al.(2003)6 and Dalal et al.(1998)14.
4.4. Dowry Death
In this study out of 108 female op poisoning 22 (20.37%)
Table 6: Marital status of deceased due to op poisoning
Sex
Married
%
Un-married
%
Total
Male
90
58.06
65
41.94
155
Female
76
70.37
32
29.63
108

Table 5: The no. of dowry deaths among female deaths
No of op poisonings
No of dowry deaths
%
108
22
20.37
were due to dowry deaths noted. There were no comparable
studies done in this category. Dowry death is a multidimensional problem affecting the Indian society at large and
the young innocent recently married women in particular. This
has led to many associated problems and crimes like female
infanticide, increased rate of suicides among this age group,
etc. This dowry system has driven many women to commit
suicide soon after their marriage or at a later stage.
4.5 Marital status
On studying the marital status of the subjects, it has been
found, out of 155males came with poisoning, 90 (58.06 %)
patients were married and 65 (41.94%) patients were
unmarried. Out of the 108 females who admitted for poisoning
76 (70.37 %) patients were married and 32 (29.63%) were
unmarried (Table 6). This data suggests that, the rate of
poisoning is more among the married population compared
to the unmarried population. Similar observations were made
by Gautami et al., (2001)7, Gupta et al.(1999)11, Batra et al.
(2003)6 and Mutalik et al. (1962)15
4.6. Manner of Poisoning
In this study, the manner of poisoning was found to be
suicidal (96.20%), followed by accidental (3.42%), homicidal
(0.38%) manner. These findings are similar to the findings by
Gupta et al.,(1999)11 and Singh and Tyagi (1999)16. The high
percentage of suicides by Organophosphorus compounds is
due to the known toxicity of these agents and also the cheap
and easy availability of these compounds across the counter.
These agents are usually found in most of the Indian homes
for agricultural and other domestic purposes.
4.7. Period of Survival
In the victims of Organophosphorus poisoning, it is
observed that 16 (6.08%) persons succumbed within 24 hours
of consumption of the poison. 67 persons (25.47%) died
between 24 to 48 hours, after consumption of the poison. 12
persons (4.56 %) died between 48 to 72 hours, after
consumption of the poison. 09 persons (25.47%) died between
72-100 hrs, after consumption of the poison, 04 (1.52%)
persons died after 100hrs due to intermediate syndrome.
This indicates the degree of toxicity of these compounds
as well as the degree of consumption of these substances. In
some cases, the treatment could not have reached its logical
conclusion of saving the patient’s life due to financial problems
of the family and lack of facilities in rural hospitals. Some times
due to carelessness and recklessness of the patient’s attendees
in understanding the gravity of the situation and taking proper
precautions and care of the patient.

5. Conclusion
This study shows that Organophosphorus compound
poisoning constitute about 75% of the total poisoning cases
admitted to Government General Hospital, Hyderabad.
Maximum number of patients was between 21-30 yrs with
Table 7: The period of survival
Period of survival
With in 24hrs
24-48 hrs
48-72 hrs
72-100 hrs
Above 100 hrs
Total = 263
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No of death
16
67
12
09
04
108

%
6.08
25.47
4.56
3.42
1.52
41.05
7

male predominance, rural back ground belonging to low socioeconomic status and the commonest manner of poisoning was
suicidal. Maximum numbers of death occur after 48 hours. If
the period of survival is more than 100 hours the chances of
surviving are more. So very close observation is needed in the
initial hours, The limited resources and facilities in primary and
general hospitals may be cause for the high mortality. There is
a need for improving the facilities like availability of antidotes
(Atropine, PAM) and ventilator which would support better
out comes.

9.
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Abstract
In recent years a new kind of rape threat has reared its
ugly head at parties, on campuses and in nightclubs - so called
“predator” or “date rape” drugs. What exactly are date rape
drugs? Technically speaking, any substance that renders you
incapable of saying no or asserting yourself and your needs
can be used to commit rape. This can include things like alcohol,
marijuana or other street drugs, designer or club drugs like
ecstasy, over-the-counter sleeping pills and antihistamines, even
cold medications. However, the term “date rape drug” usually
applies to the drugs Rohypnol, Gamma Hydroxy Butyrate (GHB)
and Ketamine Hydrochloride, because these drugs can easily
be mixed in drinks to make a person black out and forget things
that happen. Both girls and guys who have been given these
drugs reports feeling paralyzed, having blurred vision, and lack
of memory.

Introduction
The introduction of date rape drugs into mainstream
culture has put a very powerful weapon in the hands of sexual
predators. Rapes can be easily committed behind a foggy haze
of intoxication often leaving the victim oblivious to the fact
they have been assaulted.
Date rape is under reported, as a result of, girls feeling as
though they caused the rape to take place. They feel guilty
and ashamed of not being able to control the events and thus
do not report the rape. although no matter what the situation,
they do have the right to say “no” at anytime and for the
other person to respect that.

What Is date rape?
When people think of rape, they might think of a stranger
jumping out of a shadowy place and sexually attacking
someone. But mostly it’s not only strangers who rape. In fact,
about half of all people who are raped know the person who
attacked them., Date rape is punishable as rape. This crime is
also a felony offense. The difference between rape and date
rape is that in cases of date rape, the victim agreed to spend
time with the attacker. Perhaps the victim even went out with
the attacker more than once. When forced sex occurs between
two people who already know each other, it is known as date
rape or acquaintance rape, rape usually occurs between two
people who knows one another in social situations, between
people who are dating as a couple or may have had consensual
sex in the past. It can happen between two people who are
starting to date.

Date Rape drugs
Date Rape drugs (or Drug Inducing Sexual Assault) often
have no color, taste or smell. They are easily added to foods
and beverages. They may reduce a persons ability to refuse

sex, a persons physical ability to remove themselves from the
situation or to stop the sex from happening and can hinder
the persons ability to remember that the sexual action had
taken place. These are used on both male and female victims.
Most commonly used “date rape” drugs are rohypnol
(“roofies”), gamma-hydroxybutyrate (GHB), and ketamine.
Alcohol is often involved in date rapes Drugs like these can
easily be mixed in drinks to make a person black out and forget
things that happen. Both girls and guys who have been given
these drugs report feeling paralyzed, having blurred vision,
and lack of memory.
GHB (gamma hydroxybutyric acid), [easy, lay, liquid estacy,
xtc, scoop ]etc - Can be a liquid with no color or scent, a white
powder or a pill form
Rohypnol (flunitrazepam), [rophy, ruffle, forget me pill]. New pills now turn blue when added to liquid but old pills are
still available with no colour. They quickly dissolve when added
to beverages.
Ketamine (ketamine hydrochloride) [special k, ok, ko, ket
kat, kid rock ]- is a white powder substance.
The effects of the drugs and the duration can vary
dependant upon circumstance (i.e.: taken with alcohol, other
medications etc.) and does also dependant upon the volume
consumed. As GHB can be made by people with little of no
skills in drug manufacturing, they can contain various
ingredients and can be very lethal. The following are some of
the effects of these drugs but these are only a few of the drugs
(although the most common), they are not the only drugs used
to facilitate rape and sexual assaults.
Why do these drugs make effective date rape drugs?
There are many factors that make these drugs desirable to
sexual predators. The drugs are virtually undetectable; they
are tasteless, odorless and colorless. All traces of the drugs
will leave the body within 72 hours of ingestion and are not
found in any routine toxicology screen or blood test - doctors
and police have to be looking specifically for them and they
have to look quickly! Date rape drugs are easily slipped into
drinks and food and are very fast acting. They render the victim
unconscious but responsive with little or no memory of what
happens while the drug is active in their system. The drugs
also make the victim act without inhibition, often in a sexual
or physically affectionate way. Like most drugs, date rape drugs
render a person incapable of thinking clearly or of making
appropriate decision. This makes for a very passive victim, one
who is still able to play a role in what is happening but who
will have no clear memory of what happened after-the-fact.
Without any memory of events the victim is often unaware
that they have even been raped, and if they are aware or have
suspicions they make very poor witnesses.
Aside from indications of sexual activity, other clues that
a date rape drug may have been given to you include: feeling
“hung-over” despite having ingested little or no alcohol, a sense
of having had hallucinations or very “real” dreams, fleeting
memories of feeling or acting intoxicated despite having taken
no drugs or drinking no alcohol, no clear memory of events
during an 8 to 24 hour period with no known reason for the
memory lapse, and stories from others about how intoxicated
you seemed at a time when you know you had taken no drugs,
medications or alcohol. Short of being told that you have been
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given a date rape drug, there is no way to be sure without
medical testing. If you suspect that you have been given a
date rape drug you need to get to a hospital quickly and you
must request that you be properly tested. The drugs can be
found in your system if you act quickly. If you suspect that you
have been raped using any one of these drugs go to a hospital
and request a preliminary rape exam with testing for date rape
drugs. This is the only way to know for sure.

Protecting yourself from Date Rape Drugs
There are some simple behavior modifications you can
make to ensure that you do not fall prey to a rapist armed
with a date rape drug. To protect yourself always follow these
simple rules: The best defense against date rape is to try to
prevent it whenever possible.
Avoidance from secluded places spending less time alone
with someone who makes you feel uneasy or uncomfortable.
If you’re with someone you don’t know very well, be aware of
what’s going on around you and try to stay in control. Also,
be aware of your date’s ability to consent to sexual activity
Know what you want. Be clear about what kind of relationship
you want with another person. Don’t allow yourself to be
subject to peer pressure or encouraged to do something that
you don’t want to do. Don’t be afraid to ask for help if you
feel threatened. Take self-defense courses.
Don’t accept open drinks (alcoholic or non-alcoholic) from
others who you do not know or do not trust; this includes
drinks that come in a glass. At parties, only accept drinks in
close containers: bottles, cans or tetra packs and never leave
your drink unattended or turn your back on your table.
Unfortunately, even if someone takes every precaution,
date rape can still happen.
If you’re raped, here are some things that you can do: You
can take measures, after you have realized to have been a
victim of a date rape drug victim It is a frightening thought
that begs the question: “What, if anything, can be done to
stop a person from falling victim to a rape using a date rape
drug?” .If you’re injured, go straight to the emergency room—
most medical centers and hospital emergency departments
have doctors and counselors who have been trained to take
care of someone who has been raped. If you want to report
the rape, call the police right away. Preserve all the physical
evidence. Don’t change clothes or wash. Write down as much
as you can remember about the event. If you aren’t sure what
to do, call a rape crisis center. If you don’t know the number,
your local phone book will have hotline numbers.
Don’t be afraid to ask questions and get information. You’ll
have lots of questions as you go through the process — such
as whether to report the rape, who to tell, and the kinds of
reactions you may get from others.

10

Conclusion
Hope that clears up the so-called gray areas on the topic
of date rape. Rape isn’t just physically damaging — it can be
emotionally traumatic as well. It may be hard to think or talk
about something as personal as being raped by someone you
know. But talking with a trained rape crisis counselor or other
mental health professional can give you the right emotional
attention, care, and support to begin the healing process.
Working things through can help prevent lingering problems
later on.
But remember: even if a victim of sexual assault drank alcohol,
she is NOT at fault for being assaulted Call it date rape, call it
acquaintance rape, or just call it what it is, rape; whatever you
call it, it’s a crime and it is committed at a shocking rate of
every 2 minutes in North America unfortunately it’s catching
up as crime even in India at brisk pace.
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Abstract
Blood group antigens A and B are not only confined to
red cells but can be detected in other tissue cells and in body
fluids. They have wide distribution and have been found in
saliva, gastric juice, semen, ovarian cyst fluid, amniotic fluid
and in smaller quantities in sweat,tears,bile,milk,urine etc
[except CSF]. It has been established that, secretion of group
specific substances is controlled by a pair of alleles Se and se.
Thus, individuals can be homozygous [SeSe], heterozygous
[Sese] or homozygous [sese]. The first 2 classes are called
secretors and third class, non-secretor. Presence of blood and
body fluids like saliva, semen etc on victims body provides
important clue in crime investigation. A sample of saliva may
be obtained from both the suspect as well as the victim in
crimes to determine secretor status. The present study is done
to determine the secretor status in 105 normal healthy subjects
and to study the distribution of blood groups, secretors and
non-secretors in normal healthy population, so that the
knowledge of secretor status provides a useful tool in
medicolegal cases for detection of suspected crime.

Key words
Secretor, Saliva, Blood group, Crime detection.

Introduction
In the investigation of crimes, such as murder, robbery,
rape etc, the examination of biological materials plays an
important role in connecting the criminal with the crime. Such
biological specimens may be in the form of body fluids, stains
or other materials, as for example, blood, saliva, semen, urine,
faecal matter, milk and hair1.
Blood groups form a comparatively small field of study
but they have important place in genetics, immunology, and
anthropology and in clinical medicine. Since blood groups are
not alterable in healthy people, they have assumed considerable
importance in forensic medicine, in the analysis of genetic
variability and in the study of human genetics and
anthropology.
The landmark discovery of Karl Landsteiner described the
existence of serological differences among the individuals. He
said that, people of this world, irrespective of age, sex, caste,
color etc. can be broadly divided into 4 main groups - A,B,AB
and O. The basis for classification was antigenic character
present on RBC membrane. Studies of Gupta Y N et. al2,1981,
has shown that blood group antigens are not only present on
RBC membrane, but also secreted in various body fluids like
saliva, gastric juice, semen, amniotic fluid, sweat, urine, tears
[except CSF]. Such individuals who have ability to secrete blood
group substances in body fluids are called “secretors”
constituting about 80% of total population. Remaining
individuals are called “non-secretors”. One of the richest source
and most readily available sources of group specific substance
is saliva and so it is extensively used in detecting presence of
these substances in any given individual.

Blood group factors in the semen, saliva and other body
fluids are of great medicolegal importance in detection of crime.
The fibers of the stained part of the cloth can be subjected to
mixed agglutination test to find out any group specific
substance, secreted by the person. This helps in identification
of the person. The blood of the suspect is examined to know
his blood group. The sputum of the subject is also examined
to see whether he is actually a secretor or not3.
Keeping this knowledge in mind, Present study was done to:
1. To determine secretor status of normal healthy individuals
using saliva by Haemagglutition inhibition technique.
2. To study the distribution of blood groups, secretor and
non-secretor status of normal healthy subjects.
3. To compare the distribution of blood groups, secretor and
non-secretor status in both the sexes.

Materials and methods
Study design: Descriptive.
Study period: 01-06-2004 to 31-04-2005.
Study Method: Study Group consisted of 105 normal healthy
subjects in the age group of 17-65 years. Subjects selected
included both the teaching and non-teaching staff of
B.L.D.E.A’S Sri B.M.Patil’s Medical College, Bijapur. Of this 54
subjects were males & 51 subjects females.
Exclusion Criteria: Subjects with history of recently transfused
non-specific group blood and bone marrow transplantation
leading to presence of two separate populations were excluded
from study. Similarly, subjects with malignancies like Leukemia
which leads to weakening or loss of blood group antigens on
cells and subjects associated with gram negative septicemia,
intestinal obstruction and carcinoma of colon or rectum leading
to acquired “B” antigen like activity was excluded from study4.
ABO and Rh blood group was determined by Slide
agglutination method4. Secretor status was determined by
Haemagglutination inhibition technique using saliva which was
introduced by Weiner and later modified by Roy M.N. and
Chatterjee5.
Principle of Haemagglutination inhibition technique: The
blood group specific substance i.e., antigen which is in water
soluble if secreted in secretions such as saliva, then advantage
is taken of the fact that, this soluble substance is capable of
neutralizing specifically its corresponding antibody. This
neutralization is reflected in complete or partial inhibition of
the agglutinin titer. This is the basis of inhibition technique,
i.e., if there is presence of specific blood group substance in
saliva and to it if corresponding specific antibody serum is
added, then antibodies in serum are inhibited by the antigen
in the saliva. Now, if the red cells of the same group are added
to this saliva-antiserum mixture, there will be no agglutination
due to previous inhibition of the anti-serum. Thus in cases of
secretors, there will be no agglutination but in case of nonsecretors there will be agglutination reaction5.
Statistical analysis is done by chi-square test for finding
association between attributes like blood groups, secretor
status etc.
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Results
Blood groups, secretor and non-secretor status was
studied in 105 normal healthy subjects. The observations are
as detailed below.
Table I shows distribution of ABO blood groups in 105
normal subjects. Predominant blood group in the present study
was ‘B’ group [35.23%], followed by group ‘O’ [29.52%], ‘A’
group [27.61%], and least dominant was ‘AB’ group [7.61%].
Table II represents secretor and non-secretor status of
normal subjects. In 105 subjects, 81 subjects [77.14%] were
secretors and 24 subjects [22.86%] were non-secretors.
Table III compares frequency of secretors and non-secretors
in normal subjects of different blood groups. Results show
not much difference in percentage of secretors and nonsecretors in different blood groups. Difference is not statistically
significant.
Table IV compares the secretor and non-secretor status in
male and female subjects. Out of 54 males, 43 subjects
[79.62%] were secretors and 11 subjects [20.38%] were nonsecretors. In 51 female subjects, 38 subjects [74.5%] were
secretors and 13 subjects [25.5%] were non-secretors. The
difference in distribution when compared is statistically not
significant.
Table V shows distribution of Rh factor in normal subjects.
94 subjects [89.52%] were Rh +ve and 11 subjects [11.58%]
were Rh –ve. There was no statistically significant difference
when male and female subjects were compared.
Table VI shows the percentage of secretor and nonsecretors in normal subjects found by different workers.

Discussion
The application of blood groupings to medico-legal
problems is based on the principles that, the blood group
antigens cannot appear in child, unless present in one or the
other parents. If an individual is homozygous for a blood group
factor, it must appear in the blood of all his children. If a child
is homozygous for a blood group factor, the gene for the same
must have been inherited by it from each one of the parents.
The blood group characters are peculiar to the individual and
are unchanged throughout the life6.
The agglutinogens of the ABO system are also present in
the body tissues. In the tissues they appear in lipoidal form. In
about 80 percent of the people they appear in water soluble,
and can be demonstrated in all the body fluids except the
cerebrospinal fluid. They are not found in nerve tissue,
epithelium, skin appendages, bone and cartilage. Person who
posses only the lipoidal form are known as “non-secretors”,
while those who posses a water soluble form are known as
“secretors”. The capacity of secreting these antigens in body
fluids is controlled by a pair of allelic genes Se and se, the
former being dominant over the later. The individuals with
genotype Se Se, and Se, se are secretors, and those with the
Table I: Distribution of ABO blood groups among normal
healthy subjects.
Blood group
Total no. of subjects
Percentage
O
31
29.52
A
29
27.61
B
37
35.23
AB
8
7.61
Table II: Secretor and non-secretor status of normal healthy
subjects.
Total no: of Secretors Percentage Non-secretors Percentage
subjects
105
81
77.14
24
22.86
12

genotype se se are non-secretors. Secretors posses H antigen
on their red cell irrespective of their blood groups of the ABO
system. However, the amount of H antigen is the highest on
the red cells of O group person. The ability to secrete
agglutinogens into the body fluids remains constant
throughout and transmitted as mendelian dominant. The Rh
agglutinogens are widely distributed in the body tissues but
are not found in the body fluids, except the amniotic fuid6.
In the present study, the work of many investigators across
the world suggests that approximately 80% of the populations
are secretors and 20% are non-secretors [Table VI]. Non-secretor
status is a health disadvantage as it appears to increase its
susceptibility to number of diseases. Earlier studies of Patick
AW et. al7 ,1989, have indicated that non-secretors are more
prone for Tuberculosis, Rheumatic fever, Juvenile Diabetes &
Auto-immune diseases. Inability to secrete the blood group
substances in gastrointestinal mucus has also been associated
with Peptic ulcer, Gastric malignancy, pernicious anemia8. On
other hand, secretors are prone to Hemolytic anemia, Oral
cancer and viral infections9.
Present study was undertaken to determine the
distribution of blood groups, secretor and non-secretor status
among normal healthy population. About 77.14% were
secretors and 22.86% were non-secretors [Table II]. Study
reveals no significant distribution of secretors and non-secretors
in different blood groups and there was no significant
difference in secretor status when both the sexes were
compared [Table III & IV].
Forensic implications of present study: Nevertheless,
determination of blood groups and secretor status play a
significant role in the collection and analysis of forensic
specimens prior to the advent of more informative DNA
systems, and they continue to play an important role today.
In forensic work, a person’s blood type can be ascertained
from very small traces of blood found at a crime scene. It is
often possible, therefore, to know a person’s blood type early
on in an investigation based on this testing. The ABO blood
system is not a complex information system; there are only
three basic blood types, each of which can be further
designated as Rh positive or Rh negative, yielding a total of six
major blood types.
Table III: Frequency of secretors and non-secretors in normal
subjects of different blood groups.
Blood Total no. Secretors Percentage Non-secretor Percentage
group of subjects
A
29
22
75.86
7
24.14
O
31
27
87.10
4
12.9
B
37
27
72.97
10
27.03
AB
8
5
62.5
3
37.5
Chi-square = 3.12, P-value e” 0.37.Difference is not statistically
significant.
Table IV: Secretor and non-secretor status in males and females
compared in normal subjects
Sex
Total no.
Secretors
Non-secretors
of subjects No. of Percentage
No. of Percentage
subjects
subjects
Male
54
43
79.62
11
20.38
Female
51
38
74.50
13
25.5
Chi-square = 0.38, P-value e” 0.53. Difference is not statistically
significant.
Table V: Distribution of Rh factor compared in males and
females
Male Percentage Female Percentage
2
P-value*
Rh +ve 49
90.74
45
88.23 0.1755 0.6752
Rh -ve
5
9.26
6
11.77
*Difference is not statistically significant.
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Table VI: Total percentage of secretors and non-secretors in
normal subjects found by different workers.
Sl. Name of Workers Year of % of
% of
No.
work secretors non-secretors
1 Greval et al.
1950
70
30
2 Sanghavi et al.
1954
83.6
16.4
3 Clarke CA et al
1956
75.76
24.24
4 Glynn et al.
1956
77.1
22.9
5 Mc Neil et al.
1957
75
25
6 Vyas GN et al.
1962
79.6
20.4
7 Newman et al.
1961
77
23
8 Ball PAJ.
1962
74.7
25.3
9 Buckwalter JA
1964
77
23
10 Pringale R et al.
1964
76.41
23.59
11 Roy MN et al.
1965
73.29
26.21
12 Seth Swadesh
1968
71.16
28.34
13 Tyagi SP et al
1970
71.81
28.19
14 Race et al.
1968
77.28
22.72
15 Pradhan S et al.
1970
71.33
28.17
16 Pansare MS et al.
1976
74.35
25.65
17 Bhatia S et al.
1979
68.6
31.4
18 Chaudary KC et al.
1980
68
32
19 Gupta KN et al.
1981
65
35
20 Dandare KM et al
1982
76.60
24.40
21 Kulkani DG and
2004
76.78
23.22
Venkatesh D
22 Present study
2005
77.14
22.86
In some cases, no blood is found by the investigators, but
there may be saliva or other mucus-containing bodily fluid that
can be identified. If the person from whom the bodily fluid
originates carries the dominant secretor gene, that individual
will secrete the ABO antigens in mucus, and it is possible to
infer the blood type from these fluids. Secretion of soluble
blood type antigens is now known to be a function of the
alpha (1, 2) fucosyltransferase gene10. Careful study of this gene
reveals that the secretor gene is present in the vast majority of
people tested, but non secretors carry a nonsense mutation in
both copies of their secretor gene, rendering them silent.
Approximately 75%–80% of Caucasians carry at least one copy
of the secretor gene, and they therefore, secrete soluble
antigens into bodily fluids. The secretor phenotype also is a
fundamental biological characteristic of a person that remains
constant throughout life. This is another piece of biological
evidence that can be collected in trying to match a sample
found at a crime scene with potential suspects.

Conclusion
Blood typing and secretor analysis are not highly
informative systems of information compared with existing
DNA technologies such as STR analysis because of the limited
numbers of different categories into which all people can be
placed. Nevertheless, they play a significant role in the collection
and analysis of forensic specimens prior to the advent of more
informative DNA systems. These kinds of evidence are far more
persuasive as negative evidence (to rule out a suspect) than as
positive evidence (to confirm a suspect) because many people
can match by random chance.
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Abstract
This study reveals the attitudes of medical students
towards animal and human experiments. About 100 medical
students [44 males and 56 females] who have performed
animal and human experiments were subjected to a
questionnaire method. The questionnaire consisted of, in part,
statements for which the students responded using a five point
Likert type scale. Several open ended questions pointing
towards ethical issues in experimentation were also given to
students and they were asked to list advantages and
disadvantages of animal and human experiments. About 87%
of the students preferred human experiments [P<0.05]. This
preference was related more to issue of more informative and
easy to perform human experiments rather than enjoyability
and overall understanding of the experiments. A good number
of students identified difficulties and ethical issues related to
animal experiments. Present study shows that, medical students
prefer introduction of large number of human experiments,
though they realize the importance and value of animal
experiments.

Key words

While human experiments in medicine reduce
dehumanization of pre-clinical course3, the actual information
from such experiments may be limited because of need to use
simple, inexpensive and largely non-invasive procedures. On
the contrary, the use of animal experimentation in teaching
medicine has been widespread and time tested, although there
has been an increasing move to substitute non-animal
alternatives in laboratories or delete animal experiments
altogether. Studies in western countries have shown adverse
learner attitudes towards animal experimentation in recent
years4,5,6.
In India too, the use of animals in teaching medicine and
research is much debated but, consensus regarding stopping
or continuing it has not been arrived at. There has been
considerable introspection into the role of laboratory exercise
in teaching medicine7.While educators have recognized the
value of human experiments, there has been little data in India
on students attitudes with regard to these issues.
The teachers who follow the curriculum set decades ago
and the students who are end beneficiaries of such training
programs have seldom been asked their opinion in this regard.
Keeping the above in mind we thought that it would be
important to seek the opinion of medical students on various
aspects of animal and human experiments as conducted in
present format.

Attitudes, Medical students, Animal experiments.

Methods
Introduction
Medical undergraduate curriculum in India continues to
follow an archaic syllabus set up decades ago, which has not
kept pace with technological progress. In the past, the use of
live animals has been routine practice in medical training
curriculum1. However recent trends indicate that animal use is
declining. According to the Physicians committee for
Responsible Medicine, this for the past decade has been
pressuring medical schools to replace animal labs with nonanimal alternatives in western countries. In India, the CPCSEA
(Committee for the purpose of Control and Supervision of
Experiments on animals) was established under prevention of
cruelty to animal act of 1960.The Experiments on Animals
(Control and Supervision) Amendment rules (1998) and the
breeding of and experiments on animals (Control and
Supervision) rules 1998 gave powers to CPCSEA, to make rules
in relation to conduct of experiments on animals, the power
to authorize any of its officers to inspect any place (at any
time) and the power to prohibit a person or institution from
carrying out experiments on animals2.

This study was done on the basis of questionnaire method
administered to100 M.B.B.S students at the Department of
Physiology, S.S.Institute of Medical Sciences, Davangere. Out
of these, 44 students were males and 56 students were females.
Students have performed animal and human experiments
related to muscle and nerve physiology and animal experiments
in pharmacology and microbiology at the time of
administration of questionnaire. The questionnaire consisted
of, in part, statements for which the students responded using
a five point Likert type scale (Table 1). Several open ended
questions pointing towards ethical issues in experimentation
were also given to students and they were asked to list
advantages and disadvantages of animal and human
experiments (Table 2 and 3).
Statistical analysis was done using paired ‘t’ test for
comparisons of attitudes of animal and human experiments
within the subjects. ‘Z’ test was used to analyze those
parameters when students were required to make a choice
e.g. preference for animal and human experiments. Results
are expressed in the form of bivariant tables comparing
attitudes of students on animal and human experiments.

Table 1: Likerts type scale showing overall prospectives of medical students on animal and human experiments.
Questions
Animal experiments
Human experiments
Significance
Mode
Mean±SD
Mode
Mean±SD
t-value*
P-value
1. How enjoyable
Good
3.1±1.0
Good
4.0±0.9
6.49
<0.05
2. How informative
Good
3.9±0.9
Very much
4.4±0.7
5.00
<0.05
3. How much understanding
Good
3.7±0.9
Good
4.3±0.7
6.44
<0.05
4. How easy to perform
Little difficult
2.7±0.9
Average
3.5±0.7
7.26
<0.05
*Paired ‘t’test.
14
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Table 2: Student’s attitude for open ended questions with animal and human experiments compared.
OPEN ENDED QUESTIONS
Animal Expriments Human experiments
YES [%]
NO [%] YES [%] NO [%]
Animal experiments help in improving dissection skills
96
4
—
—
Experiments help to interpret the theory which you learn
84
16
94
6
from lecture class
Experiments are complicated
59
41
19
81
Experiments are time consuming
74
26
30
70
Experiments need to be retaind in i st year syllabus
35
65
82
18
Animals need not be sacrificed for experimental purposes
63
37
——Need to introduce large number of easy to perform experiments
51
49
66
34
Do you feel frightened when subjects are experimented
33
67
7
93
Whether apparatus for experimental set up are complicated
53
47
13
87
*CHI-SQUARE TEST

Results
All the 100 students answered both the Likert type scale
questions and open ended questions.
Table 1 summarizes the data of the fixed alternatives
[Likert] statements. While the students found human
experiments more informative and easy to perform, they felt
that animal experiments were equally enjoyable and contribute
to overall understanding of the subject.
Table 2 and 3 summarizes the attitudes of medical students
for open ended questions on animal and human experiments.
Data from open ended questions showed that, 96% of
the students were of the view that animal experiments will
help in improving the dissection skills.
94% of the students felt that human experiments helped
them to interpret theory which they learn from lecture classes
when compared to animal experiments (84%).It was statistically
not significant.
59% of students were of the opinion that animal
experiments were complicated compared to human
experiments [19%] and it was highly significant [P<0.001].
74% of the students felt animal experiments were time
consuming as compared to human experiments [30%] and it
was statistically significant [P<0.001].
33% of students felt fear for animal experiments compared
to fear for human experiments [7%] and it was statistically
significant [P<0.001].
53% of the students felt difficulty in using apparatus for
animal experiments compared to human experiments
[13%].The difference was statistically significant [P<0.001].
73% felt difficulty in handling animal subjects and only
14% felt difficulty in handling human subjects during
experimentation [P<0.001].
52% of the students felt committing sin by killing animals
for experiments.
Only 35% felt animal experiments need to be retained in
medical syllabus while 82% were in favor of retaining human
experiments in their syllabus.
51% of students felt there is no need to introduce large
number of easy to perform animal experiments while 66% feel

P value*.
———0.36,NS
<0.001,HS
<0.001,HS
<0.001,HS
———0.67,NS
<0.01,S
<0.001,HS

there is no need to introduce large number of easy to perform
human experiments.
55% of students found animal experiments were invasive
compared to human experiments [23%].
Overall 87% of medical students showed preference for
human experiments compared to animal experiments [13%].

Discussion
Animals have been used globally for teaching medical
subjects especially Physiology, Pharmacology and Surgery8,9.
However with increasing cost of animal experiments, Students
concerns against use of animals for routine experiments,
protests by animal rights organizations, and security concerns,
it is evident that this subject needs to be discussed in detail9.
The present survey examined medical students opinion
regarding use of animal and human experiments as they are
conducted for teaching Physiology, Pharmacology and
Microbiology to M.B.B.S students in Rajiv Gandhi University of
Health Sciences, Karnataka. It is encouraging that many of the
students were aware of the objectives of conducting animal
and human experiments in the subjects as explained to them.
These feelings need to be considered in view of the fact that
many hours, manpower and money are spent in conducting
these practicals.
The fact that 87% of the students expressed their overall
liking to human experiments when compared to animal
experiments points to the conclusion that live animal use is
indispensible to medical training. Students perceptions to the
open ended questions reveals need to modify the practical
curriculum in medical education taking into account comforts,
development and availability of new technology.
A pioneering book by William Russel and Rex Burch10,
Principles of Human Experimental Technique suggests 3 R’s.
1. Reduction: to constantly work to reduce number of
animals used in research.
2. Refinement: to improve the lives and living conditions of
animals used in research to make their lives comfortable.
3. Replacement: to constantly try to find new and better

Table 3: Student’s attitude for open ended questions with animal and human experiments compared.
OPEN ENDED QUESTIONS
Animal Expriments Human experiments
YES [%]
NO [%]
YES [%]
NO [%]
Subjects are difficult to be handled during experimentation
73
27
14
86
Experiments need more practise to learn compared to
81
19
65
35
other experiments
Audio-visual clips showing the experiments can replace
36
64
19
81
than actually doing these experiments
Do you feel commiting sin by killing animals
52
48
——Role model for studying human physiology and medicine
72
28
97
3
Experiments will help in future while examining patients
60
40
97
3
Whether experiments are invasive
55
45
23
77
*CHI-SQUARE TEST.
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P value*.
<0.001,HS
0.14, NS
0.12,NS
———<0.001,HS
<0.001,HS
<0.001,HS
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ways to do research that do not require animals.
From the present study, it appears that from student’s
point of view the animal experiments are not only complicated
and time consuming but also there was difficulty for students
in handling animals and fear for them. Majority of the students
feel animal experiments to be replaced by large number of
easy to perform experiments with which they should be
comfortable and at the same time it can provide useful
information so that it will be helpful when they treat human
patients in future.
A good percentage of students realized animals need not
be sacrificed for experiments and they felt committing sin by
killing them.
36% of the students were of the view that animal
experiments can be replaced by audio-visual aids showing these
experiments.
There are many alternatives to the medical school students.
Computer simulation allows the students to view many level
of complexity unavailable to the dissector. The CD-ROM’S on
the human body produced by ADAM [Animated Dissection of
Anatomy for Medicine]software, for example, show not only
gross structural anatomy in high detail, but also contain
histology images,animations,and video clips of body processes
unobservable during dissection of a living or dead organism.
Physiology is one of the heaviest users of animals. A survey
by association of Chairman of Departments of Physiology
reported that most Physiology faculty believed that no
alternative could fully replace live animal use in education11.The
virtual Physiology series [five CD-ROMS] produced at university
of Marburg, Germany, covers the entire field of nerve-muscle
physiology and simulates all of the classic experiments12.
The SimBioSys Physiology Labs use animations,
simulations, exercises and quizzes, and cover general
,endocrinal, cardiovascular, respiratory, and renal physiology,
over 1000 physiological parameters can be reproduced by
altering parameters, students gain understanding of how the
body works13.
Intelitools software series allows students to study
respiratory physiology ( Spirocomp), muscle contraction
(Physiogrip, Flexicomp) and cardiac physiology (cardiocomp);
students generate their own data from their own bodies,
making them both the investigators and the experimental
subject’s14.
It is well accepted that, animal experimentation is an
activity with a considerable ethical content. Any such activity
must inevitably be subject to some restraints, care and concern.
Thus, where there is no universally accepted code of behavior,
there cannot be effective customary sanctions or restraints.
Legislation becomes the only effective means of control.
However, such legislation must be sensible, workable and
scrupulously observed at all times, and there must be public
confidence as well15.
There is a global trend towards reduction in animal
experimentation in the teaching of medical science, and
incorporation of alternative teaching methods16.

16

The data from the present study suggests a need to revive
practical exercises in medical course, with introduction of a
large number of easy to perform human experiments. Majority
of the students felt that animal experiments involve needless
pain and suffering to the animals and also there is need to
reduce the number of animals by demonstrating the practicals,
to explore alternatives to animal experiments, and to restrict
animals experiments for research activities.
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Abstract
Euthanasia has been an interesting topic for discussion
both for medical and legal fraternities. Various articles and
comments have been published in this regard. This topic has
been the gray zone in the Indian law, which needs to be
analyzed. Euthanasia will always be a hot topic of debate
among the people regarding whether it has to be legalized or
not. Differences in law pertaining to Euthanasia in other
countries have given ample opportunity for discussion and
suggestions. This article discusses legal situation in various
countries and in India, problems which arises on legalizing
euthanasia, difficult situations which relatives of terminally ill
patients and doctors face. Valuable suggestions can be derived
from the article which can be incorporated in legal aspects of
euthanasia.
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Introduction
Euthanasia or mercy killing is putting a person to painless
death in case of incurable suffering or when life becomes
purposeless as a result of mental or physical handicap. It means
causing painless death to a person suffering from hopelessly
incurable and painful disease.

Types
Active Euthanasia
Active Euthanasia is an intentional, positive, merciful act
to end useless suffering or meaningless existence. It is an act
of commission.
For example: by giving large doses of drugs to hasten
death.
Passive Euthanasia
Passive Euthanasia means discontinuing or not resorting
to the use of extraordinary life sustaining measures to prolong
life in hopeless cases. This includes act of omission, such as
failure to resuscitate a terminally ill or hopelessly incapacitated
patient or a severely defective newborn infant.
Voluntary Euthanasia
Voluntary Euthanasia means when the person who is killed
had requested to be killed.
Non-voluntary Euthanasia
Non-voluntary Euthanasia means when the person who
is killed made no request and gave no consent to be killed
Involuntary Euthanasia
Involuntary Euthanasia means when the person who is

killed made an expressed wish to the contrary.
Euthanasia advocates administration of lethal doses of
opium or other narcotic drugs. It has no legal sanction1.
The use of Euthanasia arises on three occasions namely,
i.
At beginning of life (at birth)
ii. At end of natural life (terminal stage)
iii. When a person is severely impaired as a result of brain
damage (unforeseen mishap)
The problems regarding Euthanasia with reference to person
of life and duty of doctor are:
The main purpose of life is to be happy to make others
happy if possible, to grow old gracefully and to die with dignity.
Main duty of doctor is to relieve pain and suffering even if the
measures he taken may incidentally shorten life.
At birth: The problem arises in case of physically or mentally
handicapped infant. Since the infant is not able to make his
own decision, the matter rests with parents or doctor, aided
or confused by the law of land. The decision should be bound
on quality of life, the child can expect and its consequent impact
on parents, society and resources of state. The blessing of early
painless death can be balanced against the purposeless life.
Terminal stage: The conscious dying patient can make his own
decision. The refusal to consent to any treatment whatsoever
always rests with patient. There is no moral obligation on doctor
to preserve life at any cost and if, in the course of good terminal
case, use of drugs actually hasten death. It would not amount
to crime or malpractice because ensuing death would be result
of natural causes.
Unforeseen mishap: In the case of a person who is severely
impaired as a result of brain damage, it is possible to sustain
life, but in state of animation by artificial means. Brain damage
may be due to violence, poisoning or natural causes, but in all
these cases brain suffers hypoxic damage from which it cannot
recover, irrespective of treatment given. When medical
treatment has nothing to offer, the patient can be allowed to
die in comfort and with dignity. In such cases whether the
treatment is prolonging death or life is difficult to understand.
In the former event, for all practical purpose the patient is
dead and the decision to continue or terminate artificial means
of support to life should depend on subsequent use of body
for transplant purposes2.

Legal situation in India
Indian law does not sanction mercy killing. In an attempt
to alter the situation, a number of petitions have been made,
but of no vail. Law in India is completely silent on euthanasia
even as Indian Penal Code clearly makes attempted suicide a
criminal offence under section 309. Euthanasia can be sinister
in a country like India where very often the rich and powerful
manage to twist law for their own needs. In such a case there
is danger that lines between euthanasia and murder might
blur, in family torn by conflict. Several organizations such as
Mumbai Indian society for right to die with dignity and
voluntary euthanasia society of Chandigarh are fighting to
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make euthanasia law. The irony is that it is fear of misusing
the law, which is holding back many experts from legalizing it.
It is not impossible that Indian laws on euthanasia can change,
since there are already certain western countries which have
legalized it. India is a country with amalgamation of various
cultures, to have euthanasia as a homogenous entity across
cultures would be very difficult. India needs to get Living Will
sanctioned. It would be a great help in allowing people to
choose their limits for medication and treatment3.

terminal illnesses to be allowed to ask for medical help to die
at a time of their choosing, with in proper legal safe guards.
However, most medical institutions worldwide are strongly
against euthanasia, including the American Medical
Association, the British Medical Association, the Newzealand
Medical Association, and the World Medical Association and
the Royal College of Nursing.

Cases
Legal situation in other countries
In 1996, the Northern territory region in Australia was
the first in the world to legalize euthanasia. But the Australian
parliament overturned this bill in 1997.
In 1998, Oregon. US legalized Assisted Suicide. In 2000,
Holland was the first country to make euthanasia legal, despite
facing strong criticism from the world. Dutch euthanasia law
requires that the physician has terminated a life or assisted
suicide with due care. It specifically allows euthanasia for
incompetent patient. Persons 16 years old and older can make
an advance written statement containing a request for
termination of life, which the physician may carry out. The
written statement need not be made in conjunction with any
particular medical condition. Teenagers 16 to 18 years old may
request and receive euthanasia or assisted suicide. A parent or
guardian must have been involved in decision process but need
not agree or approve. Children 12 to 16 years old may also
request and receive euthanasia or assisted suicide. Here, a
parent or guardian must agree with the termination of life or
the assisted suicide. A person may qualify for euthanasia or
assisted suicide if the doctor holds the conviction that the
patient’s sufferings is lasting and unbearable. A recent Dutch
government investigation of euthanasia has come up with
some disturbing findings. In 1990, 1,030 Dutch patients were
killed without their consent. And of 22,500 deaths due to
withdrawal of life support, 63 % (14,175 patients) were denied
medical treatment without their consent. Twelve percent (1,701
patients) were mentally competent but were not consulted.
In Switzerland, euthanasia is illegal, but assisted suicide is
not. The difference is that with euthanasia, the doctor takes a
patient’s life by administrating a lethal drug. With assisted
suicide, no one should profit from the death and the patient
has to be able to physically carry out that final act.
With the most liberal laws in place, Switzerland has seen
the emergence of “suicide tourism”. Dignitas, at Zurich is one
of several assisted suicide organizations.
Patients go through an interview where they must
convince the founder, human rights lawyer Ludwig Minelli, that
they are of sound mind and that they have a consistent wish
to die. They then go to a Dignitas doctor who has already
reviewed their medical records and prescribes a strong
barbiturate. Armed with lethal drug, patients then make their
final journey to arented apartment where Dignitas takes their
members to commit suicide and later report the suicide to the
police, as required by law.
In 2004, France passed a bill legalizing a passive form of
euthanasia. This will allow doctors, acting at the request of
patients and their families, to end medical treatment that is
seen to be maintaining life artificially. The law will allow a
gravely or terminally ill patient to refuse life-sustaining medical
treatment.
In England, the voluntary euthanasia society (VES) is a
supplier of Living Wills-a legally binding document that states
how a person wishes to be treated if they can no longer
communicate their wishes to a medical team. The person can
therefore refuse certain kind of medical treatment. The
voluntary euthanasia society also campaigns for people with
18

In 1997 C.A. Thomas, an octogenarian, petitioned the
Kerala High Court to grant him the “right to die”, which the
court never allowed. He clarified that his was not a plea for
euthanasia but one of choosing death of one’s own volition.
All he wanted was to choose when he would die. He explained
that the right to life, guaranteed by the constitution, included
the right to choose death. He also added that death was not
an end but a preparation for another life. He likened to the
ancient concept of Samadhi-choosing one’s death after one
had fulfilled all earthly duties and one had nothing more to
expect of life. In April 2004 at the age of 86, Thomas committed
suicide.
In December 2004, a young man’s dying request dragged
to the fore the complicated laws and ethical issues involved in
euthanasia. K Venkatesh,
a 25 year old from Hyderabad, had been suffering from
Duchene’s muscular dystrophy for several years, his condition
was worsened considerably and after being bed ridden for
months, he requested the Supreme Court to allow him to
donate his organs-an act which would effectively lead to his
death. The Hyderabad courts refused the appeal filed by
Venkatesh’s mother, following, which she appealed to Supreme
Court. This was still pending when Venkatesh passed away.
Ultimately only his eyes were donated after his death. No other
organs are useful for transplant as Venkatesh had been on
ventilator for too long a period.
Another writ petition was filed by 75 year old A.S.Rawat
in the Karnataka High Court. He sought judicial approval for a
Living Will in which he felt out conditions under which
medication should be stopped and he should be allowed to
die.
However, it is not only aging people who entertain the
death wish. K.Chittilappily aged 47, filed a petition before the
Ernakulam sub Court for legal consent to die at 70. His petition
stated that ‘if at the age of 70, or after, the plaintiff contracts
any terminal disease or meets with an accident necessitating
the help of intense medication, he may be allowed to die a
natural death under ordinary nursing care, and untrammeled
by tubes or wires, constant medication, ventilation or other
artificial means’4.

Discussion
In the Hindu scriptures, there are treatises on good death
and bad death. In the Ramayana, there is a reference to people
who were mortally wounded being allowed to enter the fire in
the presence of Rama himself; because no medicine could save
them and here we deal in such excruciating pain.
The Hippocratic Oath states, “I will give no deadly medicine
to anyone if asked, nor suggest any such counsel.” In the age
of machines that can prolong your life endlessly without the
slightest hope of cure, further debate regarding euthanasia
will be raised. The Hippocratic Oath also condemns abortion,
a practice that was initially banned all over the world, but very
gradually gained acceptance and became legalized. It is now
legal in most countries, barring Nepal, the Philippines, Chile
and Ireland.
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We need to think of the potential for abuse if mercy killing
becomes legal.
If voluntary euthanasia is made legal for “persons of sound
mind” there will inevitably be tremendous pressure to provide
it for those who would request it if they were able to – the
mentally ill or handicapped, the senile, etc. There is a
widespread view that medical care for the elderly costs more
than we can afford. These financial pressures will multiply in
the coming years as our population ages5.
Many elderly people are already responding to this notso-subtle message by declaring their willingness to die when
their lives are no longer productive. Their reluctance to be a
financial burden on the young is admirable, but the long-term
consequences could be brutal. Euthanasia cannot be legalized
based on this reason alone.
Pro euthanasia people typically portray euthanasia as a
case of individual liberty. They opine that if every person has
right to live he even has right to die. They argue that the patient
should be given a choice if he is receiving treatment for
incurable painful disease whether he wants to be treated or
not.
It is extremely rare today for a doctor to try to force
someone to receive medical care that he doesn’t want. Prolifers readily agree that anyone should have the height to refuse
medical treatment if he believes the side effects - whether pain
or the burden of being tied to some machine or whatever –
are worse than the disease. Even if this means he will live a
shorter, but presumably more enjoyable, life.
People, who, perhaps because of a serious illness or
perhaps for reasons unrelated to their illness, are extremely
depressed and say they want to die. These people are no
different than anyone else who thinks about suicide—they just
have medical problems in addition to their emotional or
psychological problems. Some ill people become frustrated that
they cannot lead the kind of active lives that they used to before
their illness. Some feel guilty about being a burden on their
family6.
People who are suffering from illness that make them
unable to communicate. This includes people who are in a
coma, or paralyzed, or simply so sick and weak that they cannot
make meaningful sounds or other communication. The proeuthanasia people say that such patients’ quality of life is so
low that they are better off dead and they should be killed.
The second argument is that euthanasia can become a
mean of healthcare cost containment, with drugs used in
euthanasia costing far less than expensive medical treatment.
There has been an increasing emphasis on healthcare provides
to contain costs. In such a climate, euthanasia certainly could
become a means of cost containment.
The argument against euthanasia states that euthanasia
would not only be for people who are ‘terminally ill’. The
definition of ‘terminal’ poses a problem as it can mean ‘any
disease that curtails life even for a day’, ‘terminal old age’, ‘a
condition from which death will occur in a relatively short time’
and even a state where death is expected within six months or
less. Even where a specific life expectancy is referred to, medical
experts acknowledge that it is virtually impossible to predict
the life expectancy of a particular patient. Some people
diagnosed as terminally ill don’t die for years, Increasingly,
however, euthanasia activists have dropped references to
terminal illness, replacing them with such phrases as ‘hopelessly
ill’, ‘desperately ill’, “incurably ill” ‘hopeless condition’ and
‘meaningless life.’
It is possible that Indian laws on euthanasia can change
since there are already certain western countries that have
legalized it. But the value of a human life is important; it should
not be taken away easily.

Suggestion and conclusion
Euthanasia can be simply termed as unethical because it
is against Hippocratic Oath, and also pain and suffering are
part of human life. Nobody is without suffering. It has its
purpose and fulfillment. Suffering is not to be condemned
altogether. In fact, many people have come out through
suffering and done very well in life. No human can take away
the life of another, no matter what the circumstances7.
But just because there is a possibility of it being abused is
no reason to ban it completely, when there are thousands of
people who can benefit from euthanasia.
India needs to get the Living Will sanctioned. It would be
great help in allowing people to choose their limits for
medication and treatment.
The alternative to legalized euthanasia is not extraordinary,
futile treatment to hopelessly dying patients. The alternatives
are appropriate medical care – including
1. The withdrawal of treatment upon patient request, or if
that treatment serves no therapeutic purpose; and
2. Dispensing drugs as necessary to control pain. No doctors,
laws, or organization oppose ceasing care when the time
to die has arrived.
Screening of euthanasia patients should be banned as it
is difficult to differentiate between patients suffering from
terminal illness and patients suffering from incurable illness.
In cases of terminally ill cancer, septicemia, if there is no
prospect of the person living long, if there is no cure, if the
person is suffering from uncontrollable pain and if the patient
seeks deliverance, euthanasia should be allowed. Stringent rules
and stringent application of these rules are necessary. Of course,
there needs to be counterchecks to ensure that this is not
abused. It must be truly voluntary and has to be certified by
two doctors who are not related to the patient.
Any law which gives an individual the right to end life is
sure to be riddled with complication and burdened by abuse.
India is not yet mature to handle euthanasia.
Euthanasia should never ever be linked with organ
donation; it would open the floodgates for organ trafficking.
Each of us should talk to our loved ones openly about
these subjects. There should be palliative care and Hospice
programs in the country. These emphasize care and comfort
for the dying. Support their growth, as this will reduce the
attractiveness of legalized euthanasia.
To legalize euthanasia, you need a society that is prepared
–a society with all systems in place, a society where civil rights
and liberties have evolved across time. Ours is a sentiment –
aided society with rules and regulations intrinsically inbuilt in
caste and other factors and markedly pluralistic.
As of now, India is not prepared for euthanasia. In a
country that is at the 176th rank in corruption, a country where
politics is totally criminalized, screening patients for euthanasia
would be very difficult. Euthanasia would be misused. As
mental symptoms are increasing, this liberalization will cause
a lot of mental burden. A lot of sick and depressed people
whose illness can be reversed would want to die. They can live
with dignity for as long as possible.
To have euthanasia as a homogenous entity across cultures
would be very difficult. Philosophically, as we have no right to
birth, we have no right to death.
We need to evolve systems of living. The dignity of life
and of a person who is sick is trampled upon in our health
systems. We need to evolve this first and then evolve the right
to die.
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Abstract
This study was carried out to estimate the relationship
between foot length and stature using simple linear regression
analysis based on a sample of male and female adults of
Uttarakhand Region. Measurements of foot length and stature
were taken from 125 adults (62 male, 63 female) aged 17-24
years. The participants were students of the UFHT Medical
College, Haldwani of Kumaun University, Nainital. Obtained
data was analysed and attempt was made to find out
correlation between foot length and height of an individual. A
good correlation of height was observed with foot length and
it was statistically highly significant. The results of the present
study would be useful for Anthropologists and Forensic
Medicine Experts.
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Introduction
Growth, the vital process is measured by measuring the
height of a person, which itself is a sum of the length of certain
bones and appendages of the body represent certain
relationship with form of proportions to the total stature.
Investigators have studied the relation between height and
the length of various long bones (Dupertius and Hadden, 1951;
Zorab et al, 1963), and have found good correlation between
these measurements. This relationship is very useful
anthropologically to find racial differences and medico-legally,
when only parts of the deceased body are available, in
determination of gender and estimation of stature.
It was Rutishauser (1968) who for the first time showed
that reliability of prediction of height from foot length was as
high as that from long bones. Stature can be estimated from
Fig. 1.A: Scatter-plot with 95% Confidence limits representing
the relationships between the dependent variable (male height)
and the independent variable (male foot length) for the male
group (MFL, male foot length; MH, male height).

imprints of hand, foot or footprints or from a shoe left at scene
of a crime (Saxena, 1984; Robbins, 1986; Giles and
Vallandigham 1991; Jasuja et al, 1991; Gordon and Buikstra,
1992; Ashizawa et al, 1997). Consequently the present study
was conducted to determine the relationship between foot
length and stature in Uttarakhand region.

Materials and methods
For present study, total 125 (male and female)
asymptomatic, healthy medical students belonging to various
regions of Uttarakhand were selected. There ages ranged
between 17 to 24 years.
The left foot was selected for length measurement. Foot
length was measured by taking foot imprint on paper. The
foot imprints thus obtained was measured from the most
prominent point of the back of the heel to the tip of the hallux
by centimeter (cm) scale. Height of the individual was measured
in standing erect anatomical position with standing height
measuring instrument in cm. The measurements were taken
at a fixed time between 12:00 to 1:30 pm to eliminate diurnal
variation and by the same person to avoid personal error in
methodology.
The data was analyses by using SPSS v 16 statistical
software. The multiple linear regression models were
considered separately for male and females.

Observations and results
Fig.1.A showing scatter-plot with 95% Confidence limits
representing the relationships between the dependent variable
(male height) and the independent variable (male foot length).
Fig. 1.B showing scatter-plot with 95% Confidence limits
representing the relationships between the dependent variable
(female height) and the independent variable (female foot
length). Fig. 1.C showing scatter-plot with 95% Confidence
Fig. 1.B: Scatter-plot with 95% Confidence limits representing
the relationships between the dependent variable (female
height) and the explanatory variable (female foot length) for
the female group (FFL, female foot length; FH, female height).
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Fig. 1.C: Scatter-plot with 95% Confidence limits representing
the relationships between the dependent variable (height) and
the independent variable (foot length) for both genders
considered together (H, Height for both genders together;
genders together; FL, foot length for both genders together).

Table 4: R, R2, Adjusted R2, SEE, F and P-Values of simple linear
regression equations with respect to males, females and both
genders together
G
DV
IV
R
R2
Adjusted R2 SEE
M
H
FL
0.747
0.558
0.551
3.805
F
H
FL
0.664
0.441
0.432
3.913
BGT H
FL
0.857
0.735
0.733
4.395
BGT, both genders together; DV, dependent variable; F, female;
FL, foot length; G, group; H, height; IV, Independent variable;
M, male; RC, regression coefficient; SE, standard error of the
estimate
all-possible linear regression equation. The linear regression
equation is Y=b0 + b1 X, where Y is dependent variable and X
is independent variable b0 is constant value and b1 is slope of
regression. Table 4 shows correlation coefficient R, R2, adjusted
R2 and standard error of the estimate (SEE) with respect to
males, females and both gender together.

Discussion
limits representing the relationships between the dependent
variable (height) and the independent variable (foot length)
for both genders together.
Table 1 describes the mean of height & foot length and
standard deviation (S.D.) of male, female and both gender
together (BGT). Table 2 shows correlation Pearson coefficient
(r) of height for foot length in males is 0.75, in female is 0.66
and in BGT is 0.86, thus these values are highly significant
(p<0.001). Table 3 shows regression coefficient (RC), to predict
dependent variable (height) from independent variable (foot
length) in males, females and both genders together. The
estimation of regression coefficients is obtained by using the
Table 1: Descriptive Statisticsa
Height (cm) Foot length (cm)
n
Mean
SD
Mean SD
Male
62 169.34 5.67 25.43 1.26
Female
63 156.29 5.19 23.18 1.13
Both genders together 125 162.76 8.50 24.30 1.64
a
Sample means and SD for the dependent variable (Height)
and the independent variable (foot length) for each of male,
female, and both genders together groups.
Table 2: Correlations between the dependent variable (Height)
and the independent variable (Foot length) for males, females,
and both genders together
Male
Female
Both Genders
Together
H
FL
H
FL
H
FL
Pearson Correlation (r)
H
1.000 0.747 1.000 0.664 1.000 0.857
FL
0.747 1.000 0.664 1.000 0.857 1.000
Significance (p)
H
0.000
0.000
0.000
FL
0.000
0.000
0.000
FL, foot length; H, Height.
Table 3: Regression coefficients and their standard errors of
simple linear regression equations for males, females and both
genders together
RC with SE
G
DV
IV
b0
SE
b1
SE
M
H
FL
84.330
9.770
3.343 0.383
F
H
FL
85.913 10.155
3.035 0.437
BGT
H
FL
55.135
5.843
4.429 0.240
BGT, both genders together; DV, dependent variable; F, female;
FL, foot length; G, group; H, height; IV, Independent variable;
M, male; RC, regression coefficient; SE, standard error
22

Singh and Sohal (1951), Jit and Singh (1956), have shown
a significant correlation between height and length of clavicle.
Charnalia (1961), showed the significant correlation between
height and foot length. Qamra et al (1979) derived a regression
equation between foot length and height in Northwest Indian
population, their correlation coefficient between foot length
and height was +0.69 in males and +0.70 in females. Gordon
and Buikstra (1992) and Ashizawa et al (1997) used foot length
and/or shoe dimensions in the estimation of stature, significant
correlation was observed. Sanli et al (2005) estimated
correlation coefficient between foot length and height was
+0.716 in males and +0.699 in females and 0.881 in both
genders together in Turkey population. Patel et al (2007)
estimated correlation coefficient between foot length and
height was +0.65 in males and +0.80 in females in Indian
Gujarati population.
In present study on the sample of medical students of
Uttarakhand region the correlation (R) between the stature
and foot length for males, females and both genders together
were found to be statistically significant (p<0.001). The
correlations (R) between stature and foot length for males were
0.747 (Table 4). The correlations (R) between stature and foot
length for females were 0.664. The highest correlations (R)
between stature and foot length were for both genders
together 0.857.
The values of coefficients of determination R2 for simple
linear regression equation with stature as dependent variable
and foot length as independent variables, for each of females,
males and both genders together were 0.558, 0.441 and 0.735
respectively. Thus the highest value of coefficient of
determination R2 found was 0.735 simple linear regression
models for both genders together. This means that 74 % of
total variation in stature is explained by independent variables
foot length for the group with both genders together. The R
and R2 values both confirm that foot length can be used in
stature estimation.
We conclude that foot length can be used in stature
estimation by means of the linear regression equation in
Uttarakhand region. Thus our study supports the previous
studies that observed the significant correlation between foot
length and stature.
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Abstract
Cheiloscopy is a forensic investigation technique that deals
with identification of humans based on lips traces. This is unique
for individuals like the finger prints. Lip prints are hereditary
yet considered to be individualistic, each possessing their own
unique characteristics. For this reason it is safe to suggest that
lip prints can be included in the forensic sciences arena as a
legitimate means of identifying persons of interest connected
with criminal activity. Lip prints thus hold potential promise as
an instrumental tool in forensic odontology. The purpose of
this article is to give an insight into this branch of forensic
odontology with an emphasis on its historical background,
techniques of recording it and its future perspectives.

Key words
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Introduction
Forensic odontology has been defined by Keiser – Nielsen
as that branch of forensic sciences which in the interest of
justice deals with the proper handling and examination of
dental evidence and with the proper evaluation and
presentation of dental findings1.
It provides an important community service in both civil
and criminal legal jurisdictions.
Today Forensic Odontology involves:
•
Identification of the living or the deceased.
•
Bite mark identification, analysis and comparisons.
•
DNA analyses from saliva obtain from bite marks.
•
Lip print identification analysis and comparison.
•
Rugae print identification analysis and comparison.
•
Patterned injury identification analysis and comparison
•
Identification of dental specimen at crime scene.
•
Dental age estimation.
•
Sex determination by DNA and teeth.
•
Dental age estimation.
•
Malpractice and negligence claims.
Forensic odontology performs its function on the basis of
certain means of identification. The various means by which a
person can be identified are:
•
Teeth: natural and synthetic fixed or removable.
•
Bone: trabecular pattern, toris and osseous anomalies.
•
Presence of foreign bodies: implants amalgam particle
surgical instrument bullets etc.
•
Sinus configuration: maxillary and frontal.
•
Skull sutures.
•
Soft tissue features: rugae (rougoscopy) & lips
(cheiloscopy).
•
Photographic comparison: facial and dental
superimposition or approximation.
•
D.N.A analysis.
Finger prints, post-mortem reports and of late, DNA finger
printing has been successful in personal identification in the
field of forensic science. Just like these methods, lip prints can
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be instrumental in identifying a person positively and can be
used to verify the presence or absence of a person at the scene
of crime2.
The wrinkles and grooves on labial mucosa, called as sulci
labiorum forms a characteristic pattern called as lip prints. This
is unique to an individual just like the fingerprints3.
Cheiloscopy is a forensic investigation technique that deals
with identification of humans based on lips traces (Kasprzak,
2000)3.
Lip print recording is helpful in forensic investigation that
deals with identification of humans, based on lip traces. A lip
print may be revealed as a surface with visible elements of
lines representing the furrows. This characteristic pattern helps
to identify the individuals since it is unique for individuals. When
the lines are not clear (Only the shape of lines is printed),
individual identification of human being based on this trace is
extremely difficult, unless the trace contains more individual
characteristics like scars, clefts4.

History
Fischer was the first anthropologist to describe the furrows
on the red part of the human lips. The use of lip prints were
first recommended as early as in 1932 by Edmond Locard (18771966), one of France’s greatest criminologists. LeMoyne Snyder
in his book Homicide Investigation, written as early as 1950,
mentions the possible use of lip prints in the identification of
individuals5.
However until 1930s, anthropology merely mentioned the
existence of furrows without suggesting a practical use for
the phenomenon. Since 1950, the Japanese have carried out
extensive research in this matter. In the period 1968 to 1975,
Y.T Suzuki and Tsuchihashi examined 1364 persons at the
department of forensic odontology at Tokyo university and
established that the arrangement of lines on the red part of
the human lips is individual is unique for each human being6,7,8.
In India, research in the field of Cheiloscopy has been
increasing. Not only have the laboratories developed a new
technique in identifying suspects or criminals from the
description of their lips, the Forensic Sciences Laboratory in
Bangalore has established a comprehensive classification
system for the micro-structural (grooves and wrinkles found
on lips) and macro-structural (shape and size of lips) patterns
of lips (Uma, 1994)9.
In Korea, forensic personnel are using Lip print recordings
employing biometric systems (technology that use unique
human physical characteristics to automatically identify a
person) (Kim, Baik and Chung, 2003)10.

Classification
According to Suzuki and Tsuchihashi, lip prints were
classified into five main types:
Type I represents a lip possessing full vertical grooves. Type
I! (pronounced “one-dash”) has partial grooves running
vertically on the lip. Type II represents branched grooves.
Type III represents intersected (diamond) grooves that look
similar to crosses. Type IV represents the reticular (rectangular)
pattern similar to wire mesh or boxes6,7.
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Type I (Full Vertical Grooves)

Type I! (Short Vertical Grooves)

Type II (Branched Grooves)

traditional reagents used for fingerprints are not successful. It
has recently been determined that lysochromes (Sudan Black)
are quite effective in developing recent latent lip prints, as
well as older ones, on porous surfaces. Once the print has
been detected, a trace is available from which to procure cell
remains that can supply enough DNA to be analyzed by the
polymerase chain reaction technique. The results of this study
indicate that latent prints on paper and developed with Sudan
Black can be used as a potential DNA source for forensic
identification”.
Another future perspective in cheiloscopy is, potential of
lip-prints in determination of sex of the individual from the
configuration.
Lip-prints just like the fingerprints if get registered at the
vicinity of crime, can often be retained on the object. Then can
be exposed with the help of zinc oxide powder which further
can aid in recognition of the sex of the individual and later in
turn matched with the prints of prime suspects12.
Still some more studies are being carried out and various
trials are being studied, so that one fine day we can lend our
lip for the purpose of sex identification.

Conclusion

Type III (Diamond Grooves)

Type IV (Rectangular Grooves)

Lip prints are hereditary yet considered to be individualistic,
each possessing their own unique characteristics. For this
reason it is safe to suggest that lip prints can be included in
the forensic sciences arena as a legitimate means of identifying
persons of interest connected with criminal activity.
Although lip print identification has been utilized in court
in isolated cases, more research is required to be conducted in
this field with regard to confirmation of uniqueness, and the
collection and interpretation of evidence. Lip prints thus hold
potential promise as an instrumental tool in Forensic
Odontology.

Method of recording lip prints
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Summary
Aluminum phosphide (ALP) is a grain insecticide commonly
used in India. We are reporting a suspected case of poisoning,
presenting with the symptoms of severe epigastric pain, nausea
and vomiting. The diagnosis of ALP poisoning was confirmed
by history, and toxicology screening. After 36 hrs of admission,
a sudden rise in respiratory rate, pulse, blood pressure,
temperature, messator spasm, and muscle rigidity was noted.
Caffeine halothane contraction test later confirmed it to be
malignant hyperthermia. Considering the poorly understood
patho-physiology of malignant hyperthermia and ALP, further
research is required regarding the possible association of ALP
with malignant hyperthermia.

Introduction
Aluminium Phosphide (ALP) poisoning is still a common
cause of poisoning in our country. Current epidemiological data
shows that 1455 cases were registered in the mortuary, in
Bhopal region of Indian subcontinent, in between 1998-2007.
(1) Here we are reporting a case presenting as malignant
hyperthermia, 36 hrs after ALP ingestion.

Case report
A 32yr male reported to the emergency department with
the symptoms of severe epigastric pain, nausea and vomiting.
He had a history of ingestion of two tablets of celphos
(aluminium phosphide), approximately three hours before.
There were six episodes of vomiting since the time of ingestion.
On examination, patient was conscious, oriented (Glasgow
Coma Scale of 15), pulse rate was 110/min, blood pressure
was 110/72 mm Hg, pupil bilaterally equal & reactive to light,
temperature~98.6°F and SpO2~98%. There was no rigidity in
neck flexion and reflexes were normal. On auscultation,
respiratory examination was unremarkable and heart sounds
were normal. Abdominal examination revealed no abnormality.
Immediately, nasogastric tube was inserted, and gastric lavage
was done. IV line was placed, hydration started with 0.9%
normal saline and patient was shifted to intensive care unit in
view of the severity of poisoning.
In ICU, routine monitors were placed. His admission lab
values like complete blood count, electrolytes, renal function
test, chest skiagram, arterial blood gas and electrocardiogram
were unremarkable except for elevation in serum enzymes.
(Table 1) Medication administered included: Inj. Hydrocortisone
200mg bolus, then 100 mg q8 hr, and Inj. Ondensetron 4 mg
stat. Patient was kept nil per orally. Hydration was continued
by 0.9% normal saline with a target CVP (central venous
pressure) of 8-10 mm of H2O. Patient improved symptomatically
and remained asymptomatic for the next 36 hrs. The diagnosis
of ALP ingestion was confirmed by detecting phosphine in
stomach aspirate.
After 36 hrs of admission, he developed sudden onset of
altered consciousness, high grade fever (106o F) with chills and
rigor, tachypnea (Respiratory rate 42/min), severe hypertension
26

(170/126 mm Hg) and tachycardia (162/min). Breath sounds
were vesicular and no arrhythmia was detected but masseter
spasm was there. The patient’s elbow/knees could not bend
upon manipulation. A presumptive diagnosis of malignant
hyperthermia was made, based on symptoms and negative
history of any previous thyroid disease, cocaine overdose,
pheochromocytoma or any previous medication of neuroleptic
or antipsychotic drugs. Dantrolene (20 mg reconstituted in 60
ml sterile water) infusion (dose~2.5mg/kg over 10min) was
given and repeated after 15 min. Active cooling of the patient
was done by placing ice packs in axilla and groin, cold IV
0.9%NS infusion and gastric lavage by cold saline. Arterial line
was placed for invasive monitoring. Blood gas analysis revealed
PH~7.20, PaO2~110 mm Hg, PaCO2~96 mm Hg, HCO3~ 30
meq/l, Base excess~ “2.6, Na+ ~ 142 meq/l, K+ ~ 5.8 meq/l.
Dextrose/insulin infusion was started for hyperkalemia and
manual hyperventilation continued. Furosemide (10mg IV) was
administered to maintain a urinary output of 0.5-1 ml/kg/hr.
Following initial resuscitation, a rapid drop in temperature
(99.5°F) was noted and patient’s vitals continued to improve:
SpO2 at 99%, NIBP at 122/87, HR at 96/min in next ½ hr. During
the next 24 hrs, his neurological status and blood pressure
improved, and no other spike of temperature noticed
furthermore. During the next 3 days serum enzymes
subsequently returned to normal. (Table 1) Thyroid profile was
within the normal range. Blood culture came sterile after 72hrs
of inoculation. He was advised to take Sodium valproate for
subsequent 2 wks and shifted to psychiatry clinic. Muscle biopsy
was done 4 weeks later and diagnosis of MH was confirmed
by caffeine halothane contraction (CHC) test. On further
evaluation, family history was found to be non significant.

Discussion
Aluminum phosphide commonly marketed as ‘celphos’,
is a grain insecticide commonly used in India. The initial
presentation after ingestion is epigastric pain, retrosternal burn,
and nausea, vomiting, with or without diarrhea, coughing,
headaches, and dizziness. It is usually followed by development
of hypotension and in severe cases, gastrointestinal
hemorrhage, metabolic acidosis, cyanosis, pulmonary edema,
convulsions, and coma might occur2. Cardiac arrhythmias are
also common3. These have been ascribed to focal myocardial
necrosis, due to alteration in permeability of Na+, Mg++ and
Ca+ ions along with significant inhibition of cytochrome-c
oxidase4. Oliguria and jaundice may also occur as a late
presentation. Both hypo and hypermagnesemia have also been
reported4.
The current literature shows an interaction with heme
moiety of cytochrome oxidase (cytochrome-C) but is yet to be
determined whether it interacts with either cytochrome a/a3
or both. Previous results suggest that cytochrome oxidase
inhibition disturbs electron transport, leading to impaired
energy metabolism5. The exact mechanism by which ALP acts
is however not clear. Literature on hyperthermia as the possible
presentation of ALP is sparse with only one previous report
demonstrating hyperthermia in a case of celphos poisoning to
the best of our knowledge6. Specific feature in our patient
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Table 1: Laboratory values
Test (units)
Haemoglobin (mg/dl)
Hematocrit
Total leukocyte count (cells/dl)
Blood urea nitrogen (mg/dl)
Serum Creatinine (mg/dl)
Random Blood sugar (mg/dl)
Sodium (meq/l)
Potassium (meq/l)
Platelet count (lakh/cu.mm)
Serological test
Creatinine kinase (CK) (U/L)
CK-MB (IU/L)
Troponin I (ng/ml)
AST (U/L)
ALT (U/L)
Serum total bilirubin (mg/dl)
Serum Magnesium levels (mg/dl)

On admission
11.3
35%
10,800
22
0.6
102
136
3.7
2.52
Normal
929
108
0.02
280
256
0.8
2

was sudden onset of hypertension, high grade fever associated
with messator spasm, and muscle rigidity. The pathophysiology
of malignant hyperthermia is still not fully understood. It may
be due to defect in the RYR1 gene for the ryanodine receptor,
a calcium channel receptor in the sarcoplasmic reticulum
leading to increase in intracellular calcium and thereby muscle
twitching and rigidity. It leads to sudden rise in core
temperature, tachycardia, tachypnea, increased CO 2
production, metabolic acidosis and hyperkalemia as seen in
this case 7 . In this patient the diagnosis of malignant
hyperthermia was confirmed, based on symptoms, positive CHC
test, normal thyroid profile, sterile culture and negative history
of previous thyroid disease/previous hypertension/cocaine
overdose/ pheochromocytoma or any previous medication of
neuroleptic/antipsychotic drugs.
The management of ALP continues to be only supportive,
in absence of any specific antidote. Intravenous fluids should
be administered due to extravascular leakage of fluids as a
result of capillary dysfunction 8. Magnesium sulfate, a
membrane stabilizer and intraaortic balloon pump has been
used to manage arrhythmias and hypotension. In severe cases
adrenal insufficiency has been reported9. Corticosteroids have
been tried, but in spite of entire measures outcome remains
poor. The outcome depends upon number of vomiting episodes
patient gets after ingestion and severity of hypotension and
acidosis.
In conclusion, considering the poorly understood pathophysiology of malignant hyperthermia and ALP, further research
is required regarding the possible association of ALP with
malignant hyperthermia.

36 hr later
11,200
52
2.8
116
142
5.8
2.46
1127
123
0.11
358
412
1
2.5

72 hrs later
9,400
22
0.6
98
140
4.2
202
22
0.05
34
42
0.8
2.1

Reference Range
11.5-17.4
35-52
4,000-11,000
10-20
0.6-1.2
135-145
3.5-4.5
1.5-3.5
60 - 400
<24
0-0.4
0-35
0-35
0.3-1
1.8-3
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Abstract
Assessment of time since death is subjected to variable
variations because in Biology, variation is a rule and stability is
an exception, whereas in Science, stability is a rule and variation
is an exception. The time of death estimation plays important
role in solving both criminal and civil cases. Many factors
contribute to great intra and inter individual variability of gastric
emptying. This study is undertaken to collect available literature
for reference and to form a common opinion that the doctor
can depose safely. During medico-legal autopsy, if the doctor
finds distinguishable full meal in the stomach, it would suggest
that the victim died within 2 hours after the last meal and 4
hours if it is indistinguishable.

Key words
Gastric emptying, time since death, Cholecystokinin,
Autopsy.

Introduction
The time since death is the time interval passed between
the date and time of death to date and time of examination of
the body. The determination of time of death has important
role in solving problems in both criminal and civil cases. In
criminal cases, it can set the time of the murder, eliminate or
suggest suspects and confirm or disprove an alibi. While in
civil cases, it might determine who inherits the property or
whether an insurance policy was in force. There are various
parameters like post mortem staining, rigor mortis, cooling of
the body, bio-chemical changes in the body fluids, insect
activities, degree of decomposition, etc., in use to determine
the time of death. Among them, analysis of gastric contents is
also one of the methods to determine the same. The time since
last meal to death or time of death assessment during the
medico legal post mortem examination can be done on the
basis of study of gastric contents by their volume and state of
digestion. Unfortunately, all the methods now in use are to a
degree unreliable and inaccurate in fixing time of death, but
only an approximate range of time of death can be estimated.
In the court of law, the prosecution as well as defense
advocate shall make no stone remain unturned to prove or
disprove their client’s relation to the crime and it is the medical
witness that can solve their problem. Many a times, the defense
advocate is much more bent upon the time since last meal to
death and compels to give conclusive opinion depending on
state and quantity of stomach contents. The doctors have faced
hard time to answer such defense questions, to be answered
in ‘Yes’ or ‘No’ format, leading to miscarriage of justice.
Therefore, the present study is undertaken for generating
collective information from recent and old studies and literature
available till date, so as to form a comprehensive opinion that
can be deposed safely by the medical witness and as well to
create ready made reference criteria for the honorable court
of law.

Physiology of gastric emptying
Gastric emptying results from progressive waves of forceful
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contraction which sequentially involves antrum, pylorus and
proximal duodenum and all three function as a unit1,2. The
physiological mechanisms which regulate emptying of food
from the stomach involve the complex integration of myogenic,
neural and hormonal mechanisms. Long chain fatty acids and
amino acids have been shown to be potent inhibitors of gastric
emptying, since these foods stimulate the release of
Cholecystokinin (CCK). In physiological concentration, the CCK
delays the gastric emptying3.
Normal gastric emptying is the coordinated action of
gastro-intestinal tract and nervous system. The relaxation in
the fundus is primarily regulated by a vaso-vagal reflex. The
proximal part of the stomach is a primary location for storage
of both liquids and solids. The distal portion of the stomach is
primarily responsible for churning the solids and generating
smaller liquid-like material which then exits the stomach in a
manner similar to that of ingested liquids. Thus the gastric
emptying of liquids and of solids is closely integrated4,5.
Emptying of the stomach is controlled only to a moderate
degree by stomach factors such as the degree of filling and
the excitatory effect of gastrin on stomach peristalsis. Probably
the more important control of stomach emptying resides in
inhibitions feedback signals from the duodenum including both
enterogastric inhibitory nervous feedback reflexes and
hormonal feedback by CCK6.
The emptying of liquid from the stomach can be divided
in to 2 phases, as an initial rapid phase followed by a slower
mono-exponential decline. This early, rapid phase of emptying
is reflected by the 5 minutes volume. The subsequent rate of
emptying is expressed as a half life t(1/2) i.e. the gastric volume
from 5 minutes after the ingestion of the meal until the
subject’s stomach has emptied to the less than 20ml, which
declines mono-exponentially7. After a normal meal, stomach
emptying time is 2 to 3 hours1.

Methods to measure rate of gastric emptying
Many techniques have been used to measure the rate of
gastric emptying in living but following are the few clinical
methods which determine both the rate and pattern of gastric
emptying8.
1. Radiological Methods.
♣ Radio isotope technique using Radioactive Chromium.
♣ Enteric-coated Barium granules and surface scanning.
2. 13C Breath Test.
3. Real Time Ultrasound technique.
4. Serial test meal technique.
5. Dye dilution and double-sampling of test meal technique.

Factors affecting gastric emptying
All the methods that are used to assess gastric emptying
show that the rate of digestion and gastric emptying is
dependent several factors such as anatomical, physiological,
pathological, psychological factors and kind of food such as
the quantity, type, consistency, temperature, pH, chemical
composition and nutritive content of food, along with gastrointestinal and autonomic conditions that were existing in the
deceased at the time of death4,9. The gastric emptying time of
fluids and solids in healthy subjects is significant affected by
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age, sex and body mass index of the individual10.
The gastric emptying is regulated by various physiological
factors like liquidity of the chyme, gastric factors, duodenal
factors and others like emotions. The liquids empty much faster
than solids. For any type of meal, gastric emptying is directly
proportional to the volume, greater the volume of food in the
stomach, greater is the stretching of stomach wall leading to
strong peristalsis wave and increased rate of gastric emptying.
The properties of a liquid meal which are the major
determinants of the emptying of liquids from the stomach
include volume, pH, osmolarity and nutrient contents. The
liquids with nutrient value, particularly fats and proteins empty
from the stomach at the rate that is slower than either the
emptying of water or saline. The inert liquids leave the stomach
rapidly. Water is emptied into intestine as soon as it is
swallowed, but the solids move out of the stomach only after
being converted into fluid or semi fluid. The carbohydrates
leave the stomach more rapidly than the proteins, and the
proteins leave rapidly than the fats. Thus, the fatty food remains
in stomach for a longer period. The gastric chyme with low pH
(acidic) leaves the stomach slowly. The gastric content which
is isotonic to blood, leaves the stomach rapidly than the
hypertonic or hypotonic content4.
The warm liquids resulted in greater relaxation of gastric
muscle resulting in initial reduction of gastric emptying and
the subsequent higher 5 minutes gastric volume, which suggest
that warm drinks are more filling than cold ones. The meal
temperature affects initial adaptive relaxation mechanisms,
hence temperature of the meal affect only the first 5 minutes
of gastric emptying, from this 5 minute time point the gastric
emptying is not dependent on the meal temperature7.
The effect of alcoholic beverage on gastric emptying is
the result of the interplay of the effect of ethanol itself and
the non-alcoholic substances. Compared with water both red
beer and red wine resulted in a longer t(1/2) emptying phase.
The pure ethanol and whisky result in the delaying of gastric
emptying rates of solid meals11.
The bulk of the meal leaves stomach within 2 hours. A
light meal (small volume) usually leaves stomach within 1 to 2
hours; a medium sized meal requires 3 to 4 hours and heavy
meal 5 to 8 hours after being eaten. The stomach empties
gradually and the emptying rate increases directly with meal
weight1,4,9,12.
The emotions also have a strong effect on gastric motility
as anger and aggressions increase gastric motility whereas
depressions and fear decrease it1. The head injury, any physical
or mental shock or stress mediate through parasympathetic
system, may slow or completely stop gastric motility and
secretion of gastric juice. In such cases undigested food may
be seen after more than 24 hours. The antecedent stresses
due to domestic disputes or a developing altercation
culminated in a strangling or stabbing would almost certainly
affect gastric function. The stomach contents do not enter the
duodenum after death, but digestion of the stomach contents
may continue for some time after death9,12.
Based on the results of test meals given to healthy persons,
the 2 hour emptying time concept can be drawn i.e. if the
presence of a pint or more of undigested or partly-digested
food in the stomach indicates the intake of a meal shortly before
death, probably less than 2 hours. Conversely, an empty
stomach suggests that nothing has been eaten for not less
than 2 hours before death13. A substantial variation in gastric
emptying rates can be shown in normal subjects, this variation
being made greater by disease, trauma or certain drugs14.

However, the gastric emptying alone is of minor value in
ascertaining the time since death but it can be taken as
important corroborative evidence to narrow the post-mortem
interval. The various factors related to food and persons
contribute to great intra and inter individual variability of gastric
emptying. Thus estimate of post mortem interval by this
method is an opinion based upon probabilities and subjected
to limitations. But, if due allowances are given to the individual
variations, along with other methods of estimating the time
since death; the gastric emptying can be a valuable evidence.
Examination of the gastric contents after death may
indicate the nature of the last meal before death and provide
an approximate estimate of the probable time since death. If
at autopsy, one finds that the stomach is full and food is
distinguishable, it would suggest that the victim died within 2
hours of taking the last meal and 4 hours if it was
indistinguishable. Commonly, the bulk of the meal leaves the
stomach within 2 hours and the stomach is emptied in 4 to 6
hours after intake of normal, medium quantity meal.
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Collection, preservation and forwarding of different biological
samples for DNA typing
Jayashankar
Asst. Professor, MAPIMS, Tamilnadu 603 319

Aim
To study the methods of collection, preservation and
forwarding of different biological samples useful for DNA
typing.

Materials required
Sterile screw capped tubes containing heparin or EDTA as
anticoagulant, distilled water, sterile cotton ear buds, cotton
swabs, forceps, sterile glass, polythene bag, tooth pick,
polythene sheet.

Abstract
The biological samples usually sent for DNA Typing are 1)
Blood, liquid or dried stains on clothes, weapon, crime scene
2) Seminal stains and swabs 3) Hairs with roots 4) Tissues like
muscle 5)Whole bone like femur, humerus 6) Teeth 7) Viscera
like intestine, spleen and heart. 8) Feotal tissues along with
placental tissues. 9) Dry tissues in case of exhumed body organs.

Discussion
1) Blood: In case of paternity or occasionally in maternity
disputes, 2 to 5 ml of intravenous drawn blood should be
collected in sterile screw capped tubes containing heparin or
EDTA as anticoagulant. The sample should be mixed slowly
and thoroughly and placed in a container with ice. In case of
some crimes, a blood clot can be transferred by using a clean
cloth. Dried blood stains on weapons, garments etc can be
left intact and entire object submitted. Dried blood stains on
large immovable articles can be scrapped into clean piece of
paper or the stain can be lifted from surface using adhesive
tape or can be eluted by rubbing the stained area with cotton
swab moistened with distilled water.
2) Semen and Vaginal swabs: Sterile cotton ear buds can be
used as swabs. After collection these swab should be air dried
and placed in a dry sterile tube. The surrounding areas of the
private parts of the victim should be swabbed with wet cotton
swabs moistened with sterile water. The clothes worn by the
victim at the time of offence should be air dried and packed in
clean papers and should not be dried in direct sunlight. If there
is delay in dispatching the samples to the lab, the vaginal swabs
should be stored at 4 degrees Celsius. The vaginal smeared
slides should be air dried in shade and should be individually
packed and sent to lab.
3) Saliva: Saliva in liquid state or stained area on a article as
much as possible should be sent in dried condition.
4) Urine: Urine about 10ml should be freezed or the stain as
available should be sent in dried condition.

6) Visceral Samples: In mutilated bodies, samples of 100gm
of muscle should be dissected using sterile instruments in sterile
glass or polythene bag containing normal saline. In the case
of mass disasters, where several pieces of body are found,
sufficient amount of muscle collected individually and sent as
separate exhibits. In exhumation when dry tissues are present,
they should be placed in a sterile tube without preservative
and sent to lab. In case of foetus, the placenta should be
removed and only foetus sent in normal saline. The jar
containing the foetus should be kept in a container containing ice.
7) Bones, Teeth and Hair: Femur and humerus yields more
bone marrow and hence are preferred. If skull containing teeth
are found, molar teeth from upper and lower jaws should be
detatched and sent. If molar teeth are not available, other teeth
may be sent. Bones and teeth should be placed in clean
polythene bag. Hair preferably with roots should be packed in
clean paper. No preservative is needed for bones, teeth and
hair.
8) Fingernail Scrapings: The palm of the victim should be
placed on clean polythene sheet and the inner portion of
fingernails scraped with a tooth pick and placed in polythene
sheet.
Preservation of forensic samples: Freezing is the simplest
procedure. For long storage -70 degrees Celsius up to 5 weeks
or up to 5 days stored in ice. The tissue samples should be
wrapped in aluminum foil placed in plastic bags and frozen.
Fixation by formaldehyde is not recommended. Dried stain
samples should be collected in clean envelope and maintained
dry or frozen.

Conclusion
By following the above precautions for collection and
preservation of biological samples, the DNA is successfully
extracted from biological samples without any difficulty and
the extracted DNA is of good quality without impurities.
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Decadal change in patern and demography of female victims of
sex offence examined at Burdwan Medical College, Burdwan, West
Bengal, India: Myth versus reality
Partha Pratim Mukhopadhyay, R.N. Karmakar, Debasish Sarkar, Saptarshi Chattrejee, Manish Kumar Nigam
Burdwan Medical College, Burdwan, West Bengal, India

Abstract
Sexual assault on women is an important social evil. The
increasing number of such cases is alarming. It is grossly
underreported due to several social and culture specific reasons.
National and regional reports document the facts. In the strict
sense the cases of sex offence amounting to rape is notably
less than cases where the ‘victims’ were consenting partners.
The paper analyses the change in pattern of sexual assault
over a period of ten years in a district of West Bengal. Inference
is drawn and hypothesis is tested from the results. The paper
contends that the available figures obtained from police cases
reported for forensic examination do not reflect the true crux
of the problem. The work asserts the relevance of the question
marks used in the title of the paper. This however, does not
undermine the problem of sex offence in our society where
women are still at the receiving end and hapless victims of
gender discrimination.

Key words
Sex assault, pattern, decadal change, true violence, myth,
and statistics.

Introduction
Sexual assault on women, especially minor girls, is an
alarming problem the world over. It is viewed as a blatant
human rights violation1,2. the true victims are the silent sufferers
crying for justice. Crime against women is on the rise in India
as well. Sexual assault remains a grossly underreported crime
given the mindset of our society. An increased in the number
of cases over the decade exposes the scenario but does not
truly express the crux of the heinous crime3. Forcible, coerced,
non consensual sexual intercourse against a woman constitute
the crime of rape. Rape is the only natural sex offence vide the
Indian Penal Code (I.P.C.). Sec. 375 I.P.C. defines rape and Sec.
376 I.P.C lays down the punishment for the said crime4.
Consent or the lack of it, is the major issue in cases related
to carnal knowledge of the female. Medical examination can
hardly proceed beyond the objectivity of simply proving the
evidence of sexual intercourse, associated injury (physical or
genital) and collection of biological samples for laboratory
confirmation. Consent by deceit and the consequence of such
consensual sexual intercourse is examined by the Ld. Court in
the light of Sec. 375 /376 I.P.C
The present work was conte3mplated because of the
changing trend in reporting cases of sexual assault with
growing permissiveness and awareness in the community5. It
was thus necessary and meaningful the true nature extent and
gravity of the problem in view of our social reality.

objectives.
1. To analyze the change (if any) in the pattern of sexual
assault, the background factors and the evolving trend.
2. Explore the problem from the case studies.
3. The typology of the crime.
4. To test the hypothesis that statistical presentation and
prediction is not the true reflection of the social evil.
5. To unearth the vulnerable areas of research and
methodology of work on sexual assault.

Materials and methods
The Department of Forensic and State Medicine, Burdwan
Medical College, Burdwan, West Bengal is the referral center
for all medico legal cases of the district of Burdwan and
adjacent districts of Birbhum and Hooghly.
All the cases of alleged sexual assault registered with the
Police Station under the jurisdiction of Burdwan Sadar SubDivision are routinely brought to the Department for
examination for: [A] Corroboration of the evidence of sexual
assault, [B] Estimation of age, [C] Any specific direction from
the Ld. Court.
Routine examinations include examination of general
physical, genital, odontological and radiological examination
for age. This is coupled with collection of biological samples
(vaginal swab and smear, swab from any other stain on the
body of the victim) for laboratory confirmation. The findings
are noted and recorded in a standard proforma incorporating
the details of the police investigation and case history. All
medical examinations are conducted in presence of a female
attendant, with informed consent. Efforts are made to maintain
strict confidentiality.
An exploratory study was conducted on the victims of
sexual assault examined in the two periods namely 1996-1998:
[GROUP A] and 2006-2008: [GROUP B] with a gap of 10 years.
The data were retrieved from the records of the archive of the
department. The records included reports of medical
examination, police investigation and findings of estimation
of age. The total numbers of cases examined during the said
periods were collected from the record section.

Sampling
One number was randomly drawn from 1-9.The said was
the 6th.Twenty consecutive cases from the 6th case inclusive
were drawn from each year making a total sample of 60 in
each group. So total 120 case histories with files were retrieved
accordingly and taken up for the analysis. Objective data from
the files were retrieved for each case to examine the
demography, nature of case and other relevant variables.

Statistics
Aims and objective
The present work was undertaken with the following

Metric data was analyzed with mean, standard deviation
and 95% confidence interval. The two groups were compared
using non-parametric test
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Table 1:

GROUP - A
- AGE

Mean
S.E.M.
S.D.
Variance
Coef. Var.
Minimum
Maximum
Sum
N

19.38
0.97
7.56
57.29
0.39
8
44
1163
60

GROUP - A
GROUP - A
GROUP - B
TIME INTERVAL:
TIME INTERVAL:
AGE
INCIDENCE &
INCIDENCE &
REPORTING (days) EXAMINATION (Days)
12.45
15.28
17.76
1.68
1.83
1.05
13.07
14.22
8.16
171.03
202.14
66.55
1.05
0.93
0.46
1
2
4
62
69
50
747
917
1066
60
60
60

Fig. 1: Age wise distribution of the victims in the two groups
A and B
age wise distribution of the victims in group A(1996-1998)

Series1

50

age in years

40
30
20

GROUP - B
GROUP - B
TIME INTERVAL:
TIME INTERVAL:
INCIDENCE &
INCIDENCE &
REPORTING (Days) EXAMINATION(Days)
9.05
10.41
0.82
0.88
6.424
6.88
41.27
47.39
0.71
0.66
1
2
32
37
543
625
60
60

Table 2a:
Time interval between incident and examination (days)
Sample A (1996-1998)
Mean
:
15.28
SD
:
14.21
Sample size
:
60
Sample B (2006-2008)
Mean
SD
Sample size

:
:
:

10.42
6.88
60

Difference
Difference [95% CI]
Student’s t
DF
p-value

:
:
:
:

4.86
[0.83, 8.90]
2.39
118
0.018604

10
0
0

10

20

30

40

50

60

cases
Age wise distribution of the victims in group B (2006-2008)
Series1

50

Compare - Means - Two means
interval of incident and reporting of case to police (days)

45

age in years

40
35
30
25
20
15
10
5
0
0

10

20

30

40

50

60

cases

(MANN WHITNEY U TEST). Continuous variables were
analyzed using correlation co-efficient (Linear correlation). Chisquare test was used to examine the association.
‘p’ value of <0.05 was considered significant (Two tailed
‘p’ value). Statistical analysis was done using Kyplot Statistical
Software.

Observation / results
During the period 1996-1998[GROUP A] there were 111
cases of sexual assault. The said figure for the period 20062008[GROUP B] was 180. Yearwise distribution of cases (victims)
of sexual assault is seen from fig.no.4.
The study sample consisted of 120 subjects (N=120)
divided into two equal groups A and B, with 60 each as defined
earlier in the methods of sampling. The mean age in GROUP A
was 19.38 years, with S.D. 7.56, maximum 44 and minimum 8
years. The mean age in GROUP B was 17.76 years, with S.D.
8.15, maximum 50 and minimum 4 years. (Table 1)
The interval between incident and reporting of cases was
noted in days. For GROUP A and GROUP B the mean value
were 12.45 and 9.05 days respectively. The interval between
incident and medical examinations was also recorded in days
32

Sample A
Mean
SD
Sample size

:
:
:

12.45
13.09
60

Sample B
Mean
SD
Sample size

:
:
:

9.05
6.42
60

Difference
Difference [95% CI]
Student’s t
DF
p-value

:
:
:
:

3.40
[-0.33, 7.13]
1.81
118
0.073408

with values 15.28 and 10.41(mean) for the two groups A and
B respectively (Table 1).
Table 4 shows in details the comparative study (on several
variables) of the two groups A and B with statistical comparison
of mean, proportions, Z values and level of significance.

Discussion
Women in the developing countries like ours are more
vulnerable and are the worst sufferers of all forms of
atrocities6,7. Sexual assault is a burning problem that remains
as a persistent threat to the dignity and safety of women. There
has been a perceptible change in the reporting of cases of sex
offence despite societal attitude still remaining a major
deterrent. The status of women, their health and well being
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Table 3:

Table 2:
Linear Correlation): time interval between report &
examination (1996-1998)
X
Y
Mean
12.45
15.28333333
S.E.M.
1.688349075
1.835477688
S.D.(unbiased)
13.0778957
14.21754904
Variance(unbiased) 171.0313559
202.1387006
Correlation Statistics
R^2 (Coefficient of Determination)
0.9835052119
R (Correlation Coefficient)
0.9917183128
R*^2 (Adjusted R^2)
0.983220819
Linear Correlation of time interval
between report vs examination
X
Mean
9.05
S.E.M.
0.82
S.D.(unbiased)
6.42
Variance(unbiased) 41.26

( 2006-2008)
Y
10.41
0.88
6.88
47.39

Correlation Statistics
R^2 (Coefficient of Determination)
R (Correlation Coefficient)
R*^2 (Adjusted R^2)

0.9682901171
0.9840173358
0.967743395

Wilcoxon Statistic
Mann-Whitney Statistic
T 3918.5
U 2088.5
E(T) 3630
E(U) 1800
Var(T) 36023.06723
Var(U) 36023.06723
Normal Approximation
With Continuity Correction of 0.5 (for t0<=2)
t0 1.517407211
N.S. (P>0.05) (two-sided)
Probability 0.1291639045
Without Continuity Correction (for t0>2)
t* 1.520041598
N.S. (P>0.05) (two-sided)
Probability 0.1285005211
Hodges-Lehmann Estimate (Median of Walsh Mean)
1
Lower 95% 0
Upper 95% 3
Fig. 3: Catchment area of present study burdwan district, West
Bengal India (source District statistic officer from
www.bardhaman.com)

Fig. 2: Quarter wise distribution of cases of sexual assault
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quarter of year
are interrelated. Violence on women, especially sexual assault
is a major indicator of the plight of women, mostly those who
belong to the weaker sections of the society2,5. Sexual assault
has long-term effect on the health and well being of the
victims 15 . It is well documented that pregnancy, often
unwanted, is the outcome of such sexual assault16.
Demographic changes are noteworthy as depicted by the
successive census reports in India. The population growth and
the changes in the other parameters are significant for reasons
well known9. Still the crime scenario reflects a grim reality8.
The present study was done on a series of cases in the
successive years with a gap of 10 years. The decadal change
was studied to explore the problem and find a model for
prevention and mitigation.
There has been an increase in the total number of cases
in GROUP B.But on correlation with the decadal population
growth, its significance assumes importance. Studying the
pattern of age of the victim, it is seen that there was no
significant difference in the age (fig.1). The ‘p’value of 0.129
obtained from Mann Whitney U Test indicates that the null
hypothesis (the two medians are same) cannot be rejected.
The alternative hypothesis that the two groups are different is
thus rejected (Table 3).
It is noted with interest that there was no significant
change in most of the variables and parameters during this 10
years period. This illustrates the fact that sufferers and the risk

factors remain unaltered despite significant in other spheres
of life (Table 4).
The figures obtained are however comparable with studies
done earlier from India and abroad5,6,7,1,2,11,12. Regarding the
nature of offence and the victim profile, almost similar
observations were made9. A study from Kolkata during the
same phase [1996-1998] was used as a baseline to explore the
urban-rural difference10.
In majority of the cases(in both the groups)the female
victim was the consenting partner in the sexual act. All of them
were deceived, deserted or ignored by the partner. Family
pressure, uncertainty and sense of insecurity often compelled
the victim to lodge a complaint. All the victims were at the
receiving end of an unequal sexual relationship in our
patriarchal setup. Similar cases are reported from earlier
works11,12.
Despite some isolated cases, marriage still remains a
dominant institution in our society. Sexual relationship outside
the confines of marriage is looked down upon by the society
in general. The women in such a situation are often at the
receiving end. Obtaining consent on the assurance of marriage
and reneging subsequently has become a now trend of violence
against women. The difference between this problem in our
society and the concept of ‘date rape’ prevalent in the West
are worth noting6,13.
The mean time interval between the day of incident and
the day of reporting were 12.45 and 9.05 for GROUP A and
GROUP B respectively. Whereas the mean time interval between
the incident and medical examinations were 15.28 and 10.41
for GROUP A and GROUP B respectively. It is the only notable
positive finding that shows the change in trend over 10 years.
There is significant decrease in the interval between incident
and reporting and also in the interval between the incident
and medical examinations (Table 2A). The result of the present
series indicates:
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Table 4: Comparative study of the decadal change in selected
demographic variables of female victims of sex offence.
Group A
Group B
STATISTIC
1996-1998 2006-2008
HINDU
40
39
Z=-0.0
MUSLIM
20
21
P=1.0
SCHEDULED CASTE/ TRIBE
22
27
Z=.74
GENERAL
18
12
P=.45
ACCUSED KNOWN
54
57
Z=0.69
TO VICTIM
P=0.480
ACUSED UNKNOWN
6
3
SINGLE ACCUSSED
56
58
Z=0.42
MORE THAN
4
2
P=0.67
ONE ACCUSED
CRIME:RAPE 376 IPC
12
18
Z=1.05
OTHER 366/366A/372 IPC
48
42
P=0.29
BODY MAS S
38
46
Z=1.31
INDEX<18.5
P=0.188
UNMARRIED
51
46
Z=.93
MARRIED
9
14
P=0.35
RURAL (PANCHYAT)
46
52
Z=1.18
URBAN (MUNICIPALITY)
14
8
P=0.238
P-VALUE OF < .05 WAS CONSIDERED SIGNIFICANT Two sided
p values were taken

Fig. 4: Year wise distribution of cases of sexual assault :19961998 and 2006-2008
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1.

There is change in the level of awareness and
permissiveness in the community
2. Women are coming out of the closet to lodge complaint
without much vacillation
3. Remarkable improvement in the policing and effort by
the police to discharge their duties.
Further there is strong correlation between the interval
between incident and reporting and that between incident
and examination in both the groups (Table 2). This clearly proves
that early reporting and examination of the victims is the first
effective step in providing justice to the individual and

Year

1996

1997

1998
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2007

2008

42

46

23

60

70

50

3-D Column 1

1997
1998
2006
2007
2008

year
improving the criminal justice system as a whole. The other
aspect of the phenomenon is that people are now in a stronger
position to engage in litigation, often on trivial matters and
issues, using the allegation of sexual assault as a shield. This
categorically increases the number of false allegations and futile
trivial procedure13,14.
In further analysis it can be vehemently argued that studies
of these type have several methodological shortcomings. Mere
exploratory and descriptive findings are truthfully accepted,
but results are not appropriate for extrapolation. The facts and
figures are more often not congruent. Regional variations are
important but of less value when one delves into the root of
the problem.
Further follow-up of the cases during the trial procedure
and the outcome of the cases are of great importance. The
rate of conviction in the case of sexual offences is a far better
indicator of the social scenario. Simple statistical evaluation of
the increase or decrease of cases of sexual assault can hardly
be of any relevance in our society where the problems are
manifold and intricate. This work helps to assert that the
problem remains unabated despite progress made in several
spheres.
This study, however, by no means undermines the gravity
of the problems of sex offence and its aftermath. Neither is it
our attempt to belittle the earlier and forthcoming works on
this aspect. Are the data available, the true reflection of the
problem in Indian society? Does a marginal decrease in the
natural crime rate of rape (over the previous years) show the
silver lining? An array of such pertinent questions can be raised.
All the questions marks in the title is thus asserted and justified
to help ponder, rethink and take stock of the true situation of
sex offence in our society.
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Decadal change in population of Burdwan district of West Bengal, India
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(No.)
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(No.)
(No.)
per 100 Males
(No.)
(No.)

1991
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2863772
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3317023
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1996
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total population
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Deaths on a ship due to inhalation of ricin - A case report
Neeladri Misra
Q-2, GPRA, Haddows Road, Nungambakkam, Chennai 600 006, Tamil Nadu, India

Introduction
The ship where this incident took place was carrying
deoiled castor seeds. After extraction of the castor oil, what is
left behind is called deoiled castor seeds, which contains Ricin,
a dangerous toxin which can cause death. Acute symptons in
humans after intake of castor beans are haematemesis,
diarrhea, hemorrhagic necrosis, renal failure, circulatory
collapse and death after 6-14 days with dose of about 1mg/kg
B.W. Because of its destruction in the intestinal tract, ricin is
approximately 1000 fold more toxic following parenteral
administration or inhalation than by oral route. I report a case
where inhalation of ricin caused the death of 4 crew members
aboard a ship under mysterious circumstances.

Case report
The ship carrying deoiled castor seeds, after fumigation
of the holds with aluminum phosphide sailed on same date
early morning. All crew members engaged themselves on
normal duties as applicable for the sea voyage. The ship sailed
for initial 2 days in very much stable condition in satisfactory
conditions. No reason for anyone for suffering from seasickness.
On 2nd day of sailing Almost everyone had attacks of vomiting,
chest burns, abdominal pain and frequent passing of stools
and severe headache. The Crew took it for granted for not
being so serious and hence did not report to the ships captain.
The ships captain himself suffered from vomiting, abdominal
pain and passing stools frequently but felt much better after
he took some self medication and. Next day around noon
since signs and symptoms of poisoning persisted, he took
medicines once again and he was feeling better. When he told
his junior officer about his sickness, he was informed that other
crew members were suffering from similar symptons. The
captain immediately mustered the crew and confirmed that
some unknown disease had spread on the ship. The captain
ordered the chief cook to make some modifications in cooking
to suit the unstable stomach conditions of the crew. During
the same evening and night hours the condition of the crew
aggravated with the signs and symptoms of poisoning
(unknown source). Early next morning the captain was
informed about the death of a crew member, after which the
captain made a check on the other crew and found 3 other
junior officers dead in their cabin. An distress signal was
sounded and the deceased crew members were airlifted by an
helicopter to the nearest hospital on land while the ship then
took a detour to the nearest port, where the rest of the crew
were admitted to a hospital and started on IV fluid and IV
antibiotics. The symptons subsided eventually and they were
discharged 10 days after admission.
As the death occurred under mysterious circumstances,
the ship was inspected a number of times by the Port health
officials and almost all existing food items were removed from
the vessel and analyzed. Fresh water samples were drawn from
the ship and tested in a laboratory, the analysis of which was
negative for all known toxic parameters. The ships cargo (castor
seed meal) was drawn and sent for forensic tests to be carried
out for toxicity. The 4 deceased crew members were aged
36

between 20-26 years old and were not suffering from any illness
as per their earlier medical fitness report. The other crew were
questioned about intake of alcohol, drugs on board, but there
was no indication of any use. A post mortem was carried out
on the bodies and post mortem report mentioned that death
of the deceased crew member was consistent with death due
to poisoning, but the nature of the poison could not be
detected by chemical analysis. Since the post mortem report
couldn’t reveal the exact cause, investigations by health officials
and the port authorities were carried out for over a period of 1
month. One of the forensic reports on the ships cargo hold
confirmed the presence of the dangerous toxin ricin. As the
symptoms of the patients were similar to ricin poisoning, it
was breakthrough in the investigation. A critical finding was
also the fact that the crew members who died had the habit
of remaining on the decks of the ships for long periods and
had been exposed to the toxin. Since the poisoning took place
by inhalation, it was not detected in the chemical analysis of
the post mortem report. All these findings established beyond
doubt that the casualty involving the death took place on
account of poisoning ie ingestion or inhalation of cargo dust(
ricin).

Discussion
Ricin is one of the most potent and lethal substances
known, particularly when inhaled. The ease with which the
native plant (Ricinus communis) can be obtained and the toxin
extracted makes ricin an attractive weapon. Most literature on
ricin poisoning involves castor bean ingestion and experimental
animal research. Aerosol release of ricin into the environment
or adulteration of food and beverages are pathways to
exposure likely to be exploited. Symptoms after ingestion (onset
within 12 hours) are nonspecific and may include nausea,
vomiting, diarrhea, and abdominal pain and may progress to
hypotension, liver failure, renal dysfunction, and death due to
multiorgan failure or cardiovascular collapse. Inhalation (onset
of symptoms is likely within 8 hours) of ricin is expected to
produce cough, dyspnea, arthralgias, and fever and may
progress to respiratory distress and death, with few other organ
system manifestations. Biological analytic methods for
detecting ricin exposure are undergoing investigation and may
soon be available through reference laboratories. Testing of
environmental samples is available through federal reference
laboratories. Currently, no antidote, vaccine, or other specific
effective therapy is available for ricin poisoning or prevention.
Prompt treatment with supportive care is necessary to limit
morbidity and mortality
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A roentgen graphic study of wrist joint for age determination in
sholapur region of South Maharashtra (India)
Pradeep S. Londhe*, Nishat Ahmed Sheikh**
*Asst. Prof. Department of Anatomy, **Asst. Prof. Department of Forensic Medicine-Kamineni Institute of Medical Sciences,
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In law the crime and punishment is entirely based on
criminal responsibility and this in turn is dependent on the
age of a person. Law in many legal matters requires estimation
of age, especially when age of accused or victim is in question
for framing of charges by the law enforcement agencies.
Estimation of skeletal age from radiographs is a matter of
everyday occurrence in every part of world. The age of
ossification of different centers at wrist joint i.e. Carpals and
lower end of radius and ulna, have been studied at Sholapur.
The study was carried out in the department of Anatomy at
Dr. V. M. Medical College, Sholapur on 250 healthy subjects,
free from obvious musculoskeletal, nutritional and endocrine
disorders in the age group of 0-20. Capitate and hamate were
the first (during infancy) and pisiform (13.7 + 1.10 years) was
last to appear. Ossification of 8 carpals and centers for lower
end of radius and ulna respectively have definite relation with
age and can be considered as a good indicator for age
estimation.

about the 20th week of gestation unit early adulthood4. The
epiphysis of bones unites during age periods, which are
remarkably constant for a particular epiphysis. This is possible
due to complex but dependable system by which the osseous
framework of the body develops, grows and matures. Banerjee
KK and Aggarwal B.L. also stated that the study of epiphyseal
union of bones is considered a reasonable scientific and
accepted method for age determination by the court all over
the world.
A survey committee recommended to the Government of
India in the year 1964 that a zone-wise study for the problem
of determination of age is to be encouraged7. The various age
groups have got significant medico-legal importance as shown
in Table 1.
The present study was conducted in Sholapur region of
South Maharashtra to find out radiographic significance of
age determination from ossification activities of the carpals
and the lower ends of radius and ulna. It was found that
ossification at wrist joint acts as a good indicator for age
estimation from radiographs.

Keywords

Material and method

Abstract

Epiphyseal union, age determination, Carpals, Radiology.

Introduction
In law the crime and punishment is entirely based on
criminal responsibility and this in turn is dependent on the
age of a person 18 . There are various criteria for age
determination of an individual, of which eruption of the teeth
and ossification activities of bones are important. Estimation
of skeletal age from radiographs is a matter of everyday
occurrence in every part of world. Nevertheless, age can be
assessed more accurately in younger age group by dentition
and ossification along with Epiphyseal fusion. Studies on
ossification of the wrist joint are very few in India and abroad7.
Age can be established with considerable accuracy by
Roentgenography of skeleton from the time of its appearance
Table 1:
Age in Years
0 – 1 Year
> 5 Years
<7 Years
7 – 12 years
10 Years
< 12 Years
> 12 Years
< 14 Years
14 – 15
< 15 Years
> 15 Years
< 16 Years
18 Years
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Medico - legal significance
Infanticide
In deciding criminal responsibility of a child
In deciding criminal responsibility of a child
In deciding criminal responsibility of a child
Kidnapping for valuables
Oath
Consent for physical examination
No employment
Employment in Non hazardous Factory jobs.
Sexual Intercourse with own wife.
Employment ( Fitness certificate must)
Intercourse with Girl( Statutory Rape) Enticement
of Male person amounts Kidnapping
Enticement of Female amounts Kidnapping Valid
consent to suffer Grievous Hurt.

This study was carried out in the department of Anatomy
at Dr. V. M. Medical College, Sholapur on 250 healthy subjects,
free from obvious musculo-skeletal, nutritional and endocrine
disorders. Age group of 0-20 was selected as most of the
epiphysis fuse with diaphysis by this age.
Selection Criteria for Inclusion of Subject in Present Study.
For selection of subjects, following facts were recorded and
considered:
1. They should be living in Sholapur region since birth.
2. They should be free from any physical disability or
endocrinal disorder.
3. Subject should have accurate record of their date of birth.
4. Informed expressed verbal consent of the subject was
taken before proceeding to their physical and radiological
examination.
Age stated by them is further confirmed by birth certificate
or entry in their school record.

Relevant IPC / Act
Sec. 302 IPC and British Infanticide Act – 1938
Sec. 127 – 130 of Indian Railway Act – 1890
Sec. 82 IPC
Sec. 83 IPC
Sec. 369 IPC
Indian Oaths Amendments Act – 1939
Sec. 89 IPC
Indian Factory act.
Indian Factory act.
Sec. 375 IPC
Indian Factory act.
Sec. 375 IPCSec. 361 IPC
Sec. 361 IPCSec. 88 IPC.
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Table 2: Showing the appearance ( in years) of Secondary ossification centre of Radius and Ulna
Name of bone
Age Range
Male
Total no.
Earliest
Latest
Total no.
of cases
of cases
Lower end of Radius
0–6
17
2.0
6.0
12
Lower end of Ulna
5–9
34
5.25
8.87
32
Table 3: Showing age of Fusion ( In years) of secondary ossification centers of Radius and Ulna
Name of bone
Age Range
Male
Total no.
Earliest
Latest
Total no.
of cases
of cases
Lower end of Radius
16 –20
20
16.08
20.0
15
Lower end of Ulna
16 –20
20
16.08
20.0
15
Table 4: Showing age of appearance ( in years) of ossification centers of Carpal Bones
Name of bone
Age Range
Male
Total no.
Earliest
Latest
Total no.
of cases
of cases
1. Scaphoid
4 –8
33
4.16
8.0
28
2. Lunate
2–8
45
2.0
8.0
36
3. Triquetral
3-9
40
3.0
4.68
36
4. Pisiform
11-16
51
12.0
15.0
41
5. Trapezium
3-8
39
3.18
8.0
27
6. Trapezoid
4-8
33
4.8
8.0
37
7. Capitate
0-1
16
0.28
0.83
10
8. Hamate
0-1
16
0.28
0.83
10
The subject selected for study of either gender included
in the study irrespective of their socioeconomic status, each
subject so chosen on the basis of criteria as mentioned above
are evaluated clinically in details as per proforma annexed.
After obtaining informed expressed verbal consent subject
is X-rayed for wrist joint of both hands and subsequently the
appearance, process of fusion and post-fusion scarring are
observed.
Radiological Criteria for Epiphyseal Fusion.
The union is regarded to be complete when the
1. Diaphyseo-epiphyseal space (epiphyseal plate) is
completely obliterated and become bony in architecture
and uniform in density.
2. There is continuity of the periosteum between epiphysis
and diaphysis with no notching at the periphery of
epiphyseal line.
3. Presence or absence of epiphyseal scar (a white, transverse
line) has disregarded in this connection and considered
as recent complete union.

Data collection
Radiological data of appearance and fusion of various
ossification centers were reduced to Tables 2, 3 & 4 of various
age groups along with other physical data noted previously.
These data were once again examined and tailed by experts in
anatomy and radio-diagnosis. Data thus obtained finally were
analyzed and compared with the published works of various
Indian and foreign origin.

Statistics
Observations
In males the secondary ossification centre at lower end of
Table 5: Mean age of ossification at lower end of Radius and
Ulna
Lower end of Radius
Lower end of Ulna
Appearance
Fusion
Appearance Fusion
Male
3.71 ± 1.18 18.03 ± 1.06 7.37 ± 0.93 18.03 ± 1.03
Female 3.32 ± 1.13 17.90 ± 1.66 7.19 ± 0.74 18.15 ± 1.07

Female
Earliest

Latest

2
6

5.25
8

Female
Earliest

Latest

16.16
16.08

20
20

Female
Earliest

Latest

5.08
3.64
3.64
11.0
5.0
3.64
0.21
0.21

8.0
8.0
5.0
15.5
9.0
9.0
0.63
0.63

radius appeared at the mean age of 3.71 ± 1.18 years while in
females the mean age of appearance was 3.32 ± 1.13 years.
The centre for lower end of radius in males ossified at 18.03 ±
1.06 years and in females the mean age of ossification was
17.90 ± 1.66 years (Table 5).
In males the secondary ossification centre at lower end of
ulna appeared at mean age of 7.37 ± 0.93 years while in
females the mean age of appearance was 7.19 ± 0.74 years.
The centre for lower end of ulna in males ossified at 18.07 ±
1.03 years and in females the mean age of ossification was
18.15 ± 1.07 years (Table 6).
The centers of ossification up to 1st year at wrist appeared
in two carpal bones i.e. capitate and hamate. In both the carpal
bones the mean age of appearance was 0.55 ± 0.12 years in
males while in females the mean age of appearance of
ossification was 0.42 ± 0.11 years (Table 6).
The triquetral mean age of appearance in males was 4.08
± 0.40 years and in females 4.45 ± 0.39 years (Table 6).
For centres for 4 carpals i.e. (Scaphoid, Lunate, Trapezium
and Trapezoid) the mean age of appearance of ossification
was 6-7 ± 1.63 years in both sexes (Table 6 ).
Pisiform ossified in the last in both the sexes. The mean
age for appearance of ossification centre was 13.7 ± 1.10 years
in males, while in females the mean age of appearance was
13.43 ± 1.10 years.

Discussion and conclusion
Ossification at the distal end of radius are helpful in
assessment of age along with the carpal bones. In the present
study the centre for lower end of radius appeared (in males
and females 3-4 years) earlier than ulna (males and females 7
– 8 years). It was observed that fusion of secondary ossification
Table 6: Mean age of ossification of Carpal bone centers
appeared at Wrist.
Carpal Bones (Appearance)
Male
Female
Capitate, Hamate
0.55 ± 0.12 0.42 ± 0.11
Triquetral
4.08 ± 0.40 4.45 ± 0.39
Scaphoid, Lunate
6-7 ± 1.63
6-7 ± 1.63
Trapezium, Trapezoid
6-7 ± 1.63
6-7 ± 1.63
Pisiform
13.7 ± 1.10 13.43 ± 1.10
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centre of lower end of radius was 17 – 18 years while in ulna
fusion was at 18 – 19 years in both sexes. Both Englanders and
Australians showed the appearance of ossification centre at
the lower end of radius (within 1 year) and ulna (4-5 years)
earlier than Indians. While authors in India1,2,3,17 have mention
the age of appearance of ossification centers for the distal
end of radius and ulna consistent with the present study.
However, in comparison with other authors in India11,15,16,18 the
present study findings are higher.
In our study the capitate and hamate ossified during
infancy i.e. 1st year is consistent with other studies10,14,15,
Chaurasia mentioned appearance of capitate slightly earlier
than hamate. The present findings are similar with the findings
of other Indian authors, Hasan M. and Narayana D.
The 3rd carpal which showed its appearance at the age of
4 years ± 0.40 years was Triquetral. This carpal ossified earlier
in Englanders and Australians then in Indians. The present
findings are later by 1.08 years in males and 0.45 years in
females to finding of Flecker H.
Scaphoid, Lunate, trapezium and trapezoid ossified
between the ages of 6 – 7 year in both the sexes. Ossification
of Scaphoid and trapezium has been reported earlier in
Englanders and Australians than Indians, similar to Triquetral.
The present study is later by 1.73 years in Scaphoid, 1.14 years
in trapezium and 0.92 years in trapezoid in comparison to
Indian authors5,4,15.
For the last carpal bone i.e. pisiform, the mean age of
appearance of ossification was 13-14 ± 1 year in both sexes.
The present study is later by 2.74 years and is not consistent
with the findings of other author7,12,8,9,14.
Variation in the appearance of centre of ossification and
fusion at wrist joint shows the influence of race, climate, diet
and regional factors.

2.
3.

40

5.
6.
7.

8.

9.
10.
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Abstract
The study of epidermal ridges and their configuration is
called dermatoglyphics1. The term was coined by Cummins and
Midlo2.
The present study was conducted in the department of
Medicine, JSS Medical College and Hospital, Mysore, India on
200 South Indian patients with essential hypertension to
determine the predominant dermatoglyphic markers for
hypertension. One hundred males and one hundred females
of South India origin were included for this study and rolled
prints were taken from all the digits and also palm print was
taken and stored on a proforma.
We found that in hypothenar area, male patients left hands
showed absent pattern more than controls. In I2, female
patients showed absent pattern more than controls. In males
both for right and left hands, patients had lower Simian type I
pattern than controls.
These parameters can be used as dermatoglyphic markers
for screening purpose i.e., early detection of hypertensive’s.

Keywords
Dermatoglyphics, Essential hypertension, palmar pattern,
abnormal palmar crease, Simian type-1 crease

Introduction
The science of dermatoglyphics involves the study of
epidermal ridges present on the surface of palms, fingers, soles
and toes3,4. These epidermal ridges form well- defined patterns
that characterize individuals and they have been found useful
in the clinical diagnoses of hereditary diseases5. Epidermal ridge
patterns form early in fetal development and they remain
unchanged throughout life and hence they could be used to
indicate gene or chromosomal abnormalities6.
Fig. 1: Palmar dermatoglyphic pattern areas2.

Essential hypertension is defined as sustained high blood
pressure not attributable to a single cause but reflecting the
interaction of multiple genetic and environmental influences,
such that siblings of hypertensive parent or parents stand a
higher chance of developing hypertension in later life7.
The relevance of dermatoglyphics is not to diagnose, but
to prevent by predicting a disease; not for defining an existing
disease, but to identify people with the genetic predisposition
to develop certain diseases.
Aims and objectives
1. To identify people with the genetic predisposition to
develop Essential Hypertension.
2. To determine predominant palmar pattern applicable to
essential hypertension among South Indian population.

Materials and methods
Study group
Essential hypertensive patients attending out-patient and
in-patient medicine department at J.S.S Medical college and
Hospital were selected. The data was collected in a pretested
proforma including various parameters meeting the objective
of the study. 200 patients [100 Males and 100 Females] of 4060 yrs of age were taken up for the study.
Control Group
Teaching and non-teaching staff of J.S.S. Medical College
matched for gender, life style and economic status as that of
patients were selected.
Exclusion Criteria
•
Diseases causing secondary hypertension.
•
Deformity or injury to the hand.
•
Chromosomal abnormalities like Klinefelter’s syndrome,
Turner’s syndrome etc.
Procedure
The modified Purvis-Smith method was applied8. After
taking written informed consent from the patients, they were
asked to wash their hands with soap water, so as to remove
any oil or dirt. Black duplicating ink was smeared on their hands
and prints were taken by rolling the hands from wrist crease
to fingertips on the roller covered with bond paper. The same
procedure was adopted for the controls.
Statistical Analysis
The data obtained was analysed statistically using SPSS
(Statistical programme for social sciences, version 14.0)
Computer software package .Descriptive statistics, Contingency
table analysis and analysis of variance two way were applied
and p-value <0.05 was consider as significant.

Results
In I2, I3 and I4, for left and right hands, for males and
females, non-significant association was observed between
palmar patterns and groups as all the obtained contingency
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Table 1: Palmar pattern frequency in 200 male hypertensives and 200 controls in both hands.
VARIABLES

I2

I3

I4

HYPO THENAR

Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient

Patient
Mean SD
1
49
0.1

LEFT
Male
Control
Total
Mean SD
Mean SD
0
1
50
99
P<0.315

14
36
0.106

19
31

21
29
0.06

24
26

1
49
0.276

10
40

P<0.288

P<0.546

P<0.004

Fig. 2: Palmar pattern frequency in hypothenar area of left
hand of Male patients and Male controls.

Patient
Mean SD
3
47
0.102

RIGHT
Male
Control
Total
Mean SD
Mean SD
1
4
49
96
P<0.307

33
67

22
28
0.02

21
29

45
55

20
30
0.062

17
33

11
89

5
45
0.162

11
39

P<0.84

P<0.534

P<0.102

43
57
37
63
16
84

Fig. 3: Palmar pattern frequency in interdigital area I2 of Female
patients and controls.

Discussion
coefficient values were found to be non-significant. In
hypothenar, significant association (CC = 0.276; P< 0.004)
was observed for male left hands wherein patients showed
absent pattern more than controls.
In I2, significant association (CC=0.146; P<0037) was
observed for females wherein patients showed absent pattern
more than controls. In hypothenar, significant association (CC
= 0.214; P < 0.002) was observed for males wherein patients
showed absent pattern more than controls.

Palmar Patterns: Kulkarni. etal 2005 did not observe any
significant variation in palmar pattern9. In the present study,
no significant associations were observed between palmar
pattern and groups for both right and left hands, for both
males and females in I2, I3 and I4, while significant association
was found in hypothenar pattern wherein the pattern was
absent in male patients (for left hand) than controls. But in
females, I2 showed significant association wherein patients

Table 2: Palmar pattern frequency in 200 female hypertensives and 200 controls in both hands.
VARIABLES

I2

I3

I4

HYPO THENAR
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Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient

Patient
Mean SD
2
48
0.172

LEFT
Female
Control
Total
Mean SD
Mean SD
7
9
43
91
P<0.081

13
37
0.185

22
28

20
30
0.02

21
29

4
46
0.122

8
42
P<0.218

P<0.059

P<0.839

Patient
Mean SD
2
48
0.117

RIGHT
Female
Control
Total
Mean SD
Mean SD
5
7
45
93
P<0.24

35
65

27
23
0.151

33
17

41
59

24
26
0.02

25
25

12
88
0.00

10
40
P<1.000

10
40

P<0.31

P<0.84

60
40
49
51
20
80
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Table 3: Palmar pattern frequency in 200 hypertensives and 200 controls (Hands combined).
Variables
I2

I3

I4

HYPOTHENAR

Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient
Present
Absent
Contingency
coefficient

Patient
4
96
0.096

Male
Control
Total
1
5
99
195
P < 0.174

Patient
4
96
0.146

Female
Control
Total
12
16
88
184
P < 0.037

36
64
0.041

40
76
60
124
P < 0.560

40
60
0.16

55
45

41
59
0.00

41
82
59
118
P < 1.000

44
56
0.02

46
54

6
94
0.214

21
27
79
173
P < 0.002

14
86
0.056

18
82

Fig. 4: Palmar pattern frequency in hypothenar area of Male
patients and controls.

P < 0.073

P < 0.776

P < 0.730

95
105
90
110
32
168

In males, both for right and left hands, patients had lower
Simian type I pattern than controls.
When these dermatoglyphic markers are studied in
association with study of family history, we can predict the
possibility of development of essential hypertension at a
younger age so that person can take preventive measures and
hence reduce the incidence of complications.
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Abstract
Dentistry has much to offer law enforcement in detection
and solution of crime or in civil proceedings. Most often role
of dentist is to establish a person’s identity. Teeth, with their
physiologic variations, pathoses and effects of therapy, record
information that remains throughout life and beyond. The teeth
may also be used as weapons and under circumstances, may
leave information about the identity of the biter. Dental
professionals have a major role to play in keeping accurate
dental records and providing all necessary information so that
legal authorities may recognize malpractice, negligence, fraud
or abuse, and identify unknown humans. Dental identifications
have always played a key role in natural and manmade disaster
situations and in particular the mass causalities. In this review
article roles and responsibilities of dentist and use of human
dentition and surrounding structures to enable the
identification of found human remains will be discussed.

Key words
Dentists; Forensic dentistry; Dental records.

Introduction
As we enter a new millennium, society is faced with fresh
challenges in every conceivable area. Violent and heinous
activities that shatter the lives of victims, their friends and
families occur everyday. Often little is done to repair such
damage. The apprension and subsequent prosecution of the
perpetrator is essential to maintain law and order. Through
the specialty of forensic odontology, dentists play a significant
role in this process. By identifying the victims of crimes and
disaster through dental records, dentists assist those involved
in crime investigation1. The first forensic dentist was Paul Revere
who was known for identification of fallen revolutionary
soldiers.
Forensic odontology involves the management,
examination, evaluation and presentation of dental evidence
in criminal or civil proceedings, all in interest of justice2. It is
study of dental applications in legal proceedings. Thus the
forensic dentist must be knowledgeable in both dentistry and
the law3.
Forensic dentists are responsible for six main areas of practice:
•
Management and maintenance of dental records as legal
documents.
•
Identification of found human remains.
•
Anthropologic examination.(dental profiling)
•
Age Determination based on dental record.
•
Bite-mark analysis.
•
Mass disaster identification.
Management and maintenance of dental records as legal
documents
The dental record is a legal document owned by the
dentist, and contains subjective and objective information
about the patient. Initially, this information is secured when
44

the patient’s medical and dental history is obtained. Results of
the physical examination of the dentition and supporting oral
and paraoral structures are recorded. In addition, results of
clinical laboratory tests, study casts, photographs, and
radiographs become components of the record2,3. Treatment
plan can be periodically revised and updated as the problems
resolved or as new ones develop. Supplemental material such
as dental laboratory authorizations, referral letters from other
practitioners, statements of informed consent, written
prescription, and insurance and financial statements also is
included and stored in the record.
The progress notes should contain information about the
restorative and therapeutic procedures provided. Unusual
physiologic and psychological reactions and patient’s
comments concerning therapy are entered in record.
Summaries of telephone conversations with patients,
consultants, insurance company representatives, or legal
authorities should be noted3.
All entries should be signed or initialled by recording
personnel. Changes in the record should not be erased, but
corrected with a single line drawn through the incorrect
material. This method permits the original entry to remain
readable and removes any questions about fraudulent intent
to alert recorded information. Computer-generated dental
records are becoming more common for dental records. The
obvious advantage of the electronic record is that it can be
easily networked and transferred for routine professional
consultation or forensic cases requiring dental records for
identification.
However the use of electronically managed dental records
creates an ethical issue about the maintenance of patient’s
privacy. Additionally, potential for insurance fraud is associated
restoration on electronically generated dental radiographs.2
Whether preserved in written form or computer data base,
the principles of record management describe a mechanism
ensuring that dental information, which may be required to
resolve a forensic problem, properly maintained and
retrievable3.
Time limits concerning how long records must be retained
vary. But ideally speaking the records should be kept for 7 to
10 years and records of pediatric dental patients are retained
until the patient reaches the age of majority.
Identification of found human remains
The living has responsibilities for the dead and in particular,
civilized societies recognize the need for identity during life
and at death4. Dental identification assumes a primary role in
the identification of remains when postmortem changes,
traumatic tissue injury or lack of a finger print record in validate
the visual or fingerprint methods. The principal advantage of
dental evidence is that like other hard tissues, it is often
preserved after death. Even the status of a person’s teeth
throughout life and the combination of decayed, missing and
filled teeth is measurable and comparable at any fixed point in
time3.
Methods of dental identification are as follows
•
Comparative dental identification
•
Post mortem dental profiling
•
Use of DNA from tooth pulp
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Comparative dental identification
The central dogma of dental identification is that
postmortem dental remains can be compared with antemortem
dental records, including written notes, study casts, radiographs
etc, to confirm1. Often a presumptive or tentative identification
is available (i.e. wallet or driving license may be found on the
body) and this will enable antemortem records to be located.
In other instances, the geographical location in which the body
is found or other physical characteristics and circumstantial
evidence, may enable a putative identification to be made,
frequently using data from the missing persons database.
The forensic dentist produces the pot-mortem record by
careful charting and written descriptions of dental structures
and radiographs4. If the antemortem records are available at
this time, post-mortem radiographs should be taken to replicate
the type and angle of these5. Once the post-mortem record is
complete, a comparison between the two records can be
carried out. A methodical and systematic comparison is
required, examining each tooth and surrounding structures in
turn1. A range of conclusions can reached when reporting a
dental identification. The American Board of Forensic
Odontology recommends that these be limited to the following
four conclusions6;
Positive identification
The antemortem and postmortem data match in sufficient
detail, with no unexplainable discrepancies, to establish that
they are from the same individual.
Possible identification
The antemortem and postmortem data have consistent
features but, because of the quality of either the postmortem
remains or the antemortem evidence, it is not possible to
establish identity positively.
Insufficient evidence
The available information is insufficient to form the basis
for a conclusion.
Exclusion
The antemortem and postmortem data are clearly
inconsistent.
The discretion of identification lies with the odontologist
who must be prepared to justify the conclusion in court.
Post mortem dental profiling
When antemortem dental records are unavailable and
other methods of identification are not possible, the forensic
dentist can assist in limiting the population pool to which the
deceased is likely to belong and thus increase the likelihood of
locating antemortem dental records1. This process is known
as postmortem dental profiling.
Forensic anthropologists and forensic odontologists may
work together to resolve problems associated with
identification. Both the disciplines are concerned with the
analysis of calcified structures of the body, namely the bones
and teeth. The bones and teeth of the craniofacial complex,
key identification tools for the forensic odontologists, effectively
distinguish one person from the other and one population
from another and are used to determine the race, age and sex
of a person3.
This anatomic material can be used for identification when
the skull and facial bones are used as a foundation for the
reconstruction of facial soft tissues. With the use standard
anthropologic thickness measurements at specific points on
the face, soft tissue thickness points can be connected with
sculpting clay and the reconstructed features can sometimes
be digitized on a computer screen. Because computers permit
the addition of components directly to cranial features,
computers have been useful for techniques involving facial

superimposition. The underlying skeletal structures can thus
be viewed below the underlying skeletal structures can thus
be viewed below the soft tissue, providing a means to check
its accuracy. The result of these techniques is a recreation of
the contour of the soft tissues features that permits visual
identification. Various versions can then be stored and
reproduced for comparison 2 . Generally from the skull
appearance, forensic dentists race within the three major
groups: Caucasoid, Mongoloid and Negroid. Additional
characteristics, such as cusp of carabelli, shovel shaped incisors
and multi cusped premolars, can also assist in determination
of ancestry7. Sex determination is usually based on cranial
appearance, as no sex differences are apparent in the
morphology of teeth. Microscopic determination of teeth can
confirm sex by the presence or absence of Y-chromatin and
DNA analysis can also reveal sex8.
Use of DNA from tooth pulp
Recently, teeth have been the subject of DNA studies, since
the dental hard tissue encloses the pulp offering an anatomic
configuration of great durability. Preliminary work suggests
that dental DNA of sufficient quantity for forensic analysis may
be recovered following a broad range of environmental insults.
The components of pulp are common to all loose connective
tissue, compromising cells, fibers, ground substance, blood
vessels and nerves. Molars are better sources of pulpal DNA
than the incisors. The neurovascular tissue that is contained in
the pulp cavity is thought to be the best source of DNA9.
When the conventional dental identification methods fail,
this biological material can provide the necessary link to prove
identity10. With the advent of the polymerase chain reaction
(PCR), a technique that allows amplification of DNA at
preselected, specific sites, this source of evidence is becoming
increasingly popular with investigators. Comparison of DNA
preserved in and extracted from the teeth of an individual can
be made to known antemortem sample (stored blood,
hairbrush, clothing, cervical smear, biopsy, etc) or to a parent
or sibling1.
Age Determination based on dental record
Age estimation is a subdiscipline of the forensic sciences
and should be an important part of identification process,
especially when information relating to the diseased is
unavailable.2 Teeth can be studied clinically and radiographically
to determine the age of the decedent based on eruption pattern
and calcification times. This information, combined with
analysis of the calcification centers of the hand and wrist, can
be used to determine the precise age of a person who is
younger than 20 years of age3.
Laboratory procedures used to determine the age of teeth
include the study of ground sections of teeth for variations in
the following patterns:
•
Attrition
•
Periodontal attachment
•
Secondary dentin
•
Cementum apposition
•
Root resorption
•
Transparency
This technique, developed by Gustafson in 1947, has
recently been supplemented by methods that rely on an analysis
of the rate of racemization of aspartic acid in enamel and dentin
to determine an exact age3.
Bite-mark analysis
There have been many cases throughout history which
have made use of bite-marks as evidence. Bite-marks are usually
seen in cases involving sexual assault, murder and child abuse
and can be a major factor in leading a conviction.
From the evidence, the forensic odontologist has to first
determine whether the pattern is truly the result of biting
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animal bites are usually distinguished from human bite injuries
by differences in arch alignment and specific tooth morphology.
Animal bites often cause shear than impact injuries, producing
lacerations of skin and open wounds 11. Dog bites are
characterized by a narrow anterior dental arch and consist of
deep tooth wounds over a small area. Cat bites are small and
round with pointed cuspid-tooth impressions caused by the
conical shape of these teeth2.
Once he or she has established that pattern is related to
teeth the pattern can be compared to the suspect’s dentition
for inclusionary and exclusionary purposes. The shape of
dentition, the teeth and specific anatomical characteristic can
create a representative pattern. To accomplish these goals, the
forensic odontologist can use numerous methods. Because
there is no single method for analysis of bite-mark evidence,
the particular method for analysis used would depend on the
circumstances of each case and the preference and ability of
the analyst.
Mass disaster identification
Mass disaster identification represent one of the most
challenging aspects of forensic dentistry12. The dental team is
a good example of such resource which can be developed and
trained as a unit to be ready if needed. Team work and planning
are two overlying principles crucial to disaster management.
The dental identification team can be divided into several
different sections based on its mission including recovery,
postmortem examination, antemortem records and
comparison. The recovery team assists in the recovery of
remains on site. The antemortem section is ultimately
responsible for preparing composite antemortem records for
comparison. The postmortem section is responsible for
complete analysis of all post-mortem dental evidence. This
analysis includes examination of all dental structures,
photographic documentation of the remains as received,
reconstruction and stabilization of fragmented or burned
remains, excision of the jaws from the principal remains, if
needed and a complete charting and documentation of all
restorations, anomalies, and injuries evident on the dental
structures recovered. The comparison section compares
antemortem and postmortem charts and radiographs. A
computer section may be included to assist in matching
antemortem and postmortem data13. When an antemortem
records are not available, the postmortem data of the deceased
may be used to exclude his or her identity upon comparison
with the available antemortem records of others2.
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Conclusion
Forensic dentistry plays a major role in the identification
of those individuals who cannot be identified visually or by
other means. By identifying the victims of crime and disaster

46

through dental records, dentists assist those involved in crime
investigation. The resilience of teeth and their supporting
tissues to peri- and post-mortem assaults provide a wealth of
information for those interested in the identity of the deceased.
Each practitioner has a responsibility to understand the
forensic implications associated with the practice of his or her
profession, appreciation of forensic field should give the dental
clinician another reason to maintain legible and legally
acceptable records, and assist legal authorities in the
identification of victims and suspects. In this brief overview, it
has been tried to show the reader some of the traditional and
upcoming techniques in this fascinating field.
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Abstract

Conclusion

Background

The cause of death supported by the autopsy findings
has been elucidated in all the cases. Further on considering
the reason for committing suicide, it is noteworthy to mention
that in majority of cases abdominal pain has been the factor
behind such acts as the records available. This reason could be
a manifestation of psychosomatic illness. Mental disorders
occupy a premier position in the matrix of causation of suicide.
The object of the study would be more fulfilled if it throws
open newer dimensions of studies like psychological autopsy
to prevent such deaths in future.

Suicide is a multidimensional and multifactorial malaise.
It is perceived as a social problem in our country. This study
was to give a broad picture of all available information about
the female suicide death cases dealt in Institute of Forensic
Medicine and Toxicology, Government General Hospital,
Chennai.

Objective
The aim was to collect data, make a broad analysis,
interpret and arrive at conclusive opinion about female suicide
deaths in Chennai.

Keywords
Government General Hospital, Chennai, poisoning,
hanging, burns, organophosphorus compound, Hypoxic
Ischemic Encephalopathy, asphyxia, dysmenorrhea,

Methodology
A retrospective analysis of female suicide deaths
encountered in Institute of Forensic Medicine and Toxicology,
Government General Hospital, Chennai in the year 2008 was
done. This information was collected from the available records.

Results
A total of 43 female suicide deaths were dealt in Institute
of Forensic Medicine and Toxicology, GGH, Chennai in the year
2008. Among these cases maximum number of them belong
to the age group of 21 to 40 years, was married and was
unemployed. 25 cases of poisoning was reported which
contributed to the maximum. Organophosphorus compounds
were the most common poison consumed. Other methods
include hanging and burns. Interestingly abdominal pain was
reported to be most common reason for committing suicide
as per the records available.

Introduction
In the past two decades, the suicide rate in India is
increasing, especially in southern India. Majority of studies note
that around 90% of those who die by suicide have a mental
disorder1. In the year 2008, 2812 autopsies were conducted in
the Institute of Forensic Medicine and Toxicology, GGH,
Chennai. Out of these 43 female suicide death cases were
recorded. This study was done to elaborate on various aspects
of these suicide deaths. The methods adopted in these cases
are given in table 1. In case of poisoning, the type of poison
consumed (given in table 2) and the effect of individual poisons
on the viscera were demonstrated in the autopsy and the cause
of death was inferred and recorded accordingly. In other
methods which include hanging and burns, the various changes
in the viscera were also recorded and the cause of death
confirmed. Age pattern, marital status and employment status
in these cases is given in illustrations 1, 2 and 3 respectively.

Table I:
Methods Adopted
Poisoning
Hanging
Burns

No. of Cases
25
16
2

Percentage
58.13
37.20
4.65

Table: II
Poison
Organophosphorus Compounds
Carbamates
Organochlorides
Lysol
Inorganic acid
Ammonium dichromate
Hair dye
Olanzanpine
Unknown

Percentage
52
8
4
4
12
4
4
4
8

Table IV:
Poison
Organophosphorus
Compounds
Carbamates
Organochloride
Lysol

Inorganic acid
Ammonium dichromate
Hair dye
Olanzapine
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Cause of Death
Hypoxic ischemic encephalopathy
Hypoxic ischemic encephalopathy
Respiratory Failure
Toxic encephalopathy.
Acute respiratory distress
syndrome, acute renal failure,
multi organ failure
Aspiration pneumonitis, acute
respiratory distress syndrome.
Acute Renal Failure
Acute renal failure, laryngeal
edema, cardiorespiratory arrest.
Olanzapine Toxicity
47

Table III:
POISON

INJURIES

*CNS

†CVS

organoNil
phosphorus

Brain surface nil
vessels
congested,
brain
edema

carbamates Nil

Brain dural
vessels
congested,
brain edema

organo
-chlorides
lysol

nil

Brain edema

Erosion of
lips and
buccal
mucosa

Brain edema nil

Inorganic
acid

Lips tongue nil
gum darkened
and leathery

Ammonium Nil
dichromate
Hair dye
nil

olanzapine nil

Unknown 1 nil

Unknown 2 nil
FOOT NOTES
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Objective
The purpose of the study is to collect data, make a broad
analysis, interpret and arrive at a conclusive opinion about:
•
Methods adopted in suicide and cause of death in each
case.
•
Reason for committing suicide.

Methodology
In this study records pertaining to 43 female suicide cases
recorded in the year 2008 in Department of forensic medicine
& Toxicology, Government General Hospital, Chennai. This
retrospective analysis included collection of data under the
parameters such as age, occupation, reasons for committing
suicide, methods adopted in suicide and their postmortem
findings. This information was collected from the available
records submitted by the investigating agencies, enquiries
conducted with the medical officer who has done the autopsy,
the postmortem reports, chemical examiners report and the
like. While gathering data on individual cases identity number
was given in each case to maintain confidentiality.

Results
Poisoning
Out of the 43 cases reported, 25 cases were due to
poisoning. Postmortem findings in all these cases were recorded
in detail along with the chemical analysis report of the visceral
contents. Viscera samples collected in all these cases were
stomach and its contents, intestine and its contents, liver,
kidney, brain and blood. These samples were then sent to
forensic science laboratory to detect the presence of poison in
them. The postmortem findings for individual poisons are given
in Table 3
Hanging: Out of the 43 cases reported, 16 were due to
hanging. Analysis of the postmortem finding in all these 16
cases reveals the following details.
Ligature marks with various dimensions, directions and
their positions were found in the neck in all these cases with
or without fracture of the hyoid bone.
Central Nervous System: On opening the cranial cavity, the
brain showed congestion and engorgement of surface vessels.
Illustration 1:
Age: On analysis of the above suicide cases, the age pattern in
each method of suicide is elucidated as a pictorial
representation. Age is represented along horizontal axis where
each block corresponds to 20 years. The number of cases in
each of the methods (poisoning, hanging, burns) is represented
along the vertical axis where each block corresponds to 2 cases.
AGE

In all the cases brain appeared with varying degrees of edema
and presence of petechial hemorrhages in the white matter of
the brain except in 2 cases where an additional finding of
subdural hemorrhage and subarachnoid hemorrhage were
reported.
Cardiovascular System: On opening the thoracic cage,
significant postmortem findings in the cardiovascular system
were seen in only 1 case by way of presence of petechial
hemorrhages in heart. The rest of the cases show no significant
remarkable findings.
Respiratory System: On examination of the findings in the
respiratory system, 16 cases showed congestion and edema
of the trachea and larynx along with oozing exudates from
lungs on cut section. 4 cases had interlobar surface petechial
hemorrhage and in 2 cases the appearance was found to be
rubbery in consistency and grayish white in color.
Other Viscera: All the 16 cases showed visceral congestion of
the abdominal organs namely stomach, liver, spleen and kidney.
Burns: Only 2 cases were reported as death due to burns and
in both cases the pattern of injuries noted was identical in the
form of dermoepidermal burns involving different body parts.
In both cases the extent of burns were reported to be more
than 70%.
Central Nervous System: On examination of brain no
significant findings were made out other than presence of
edema, congestion and engorgement of the surface vessels.
Cardiovascular system: On examination of the findings in
thoracic cavity there was presence of petechial hemorrhage
on the surface of the heart along with clotted blood in the
chamber in 1 case. There were no other significant findings.
Respiratory System: While examining the respiratory system
in both cases there was presence of blackish gray soot particles
in the mucosal surface along with edema of laryngeal and
tracheal mucosa. The congestion and edema along with frothy
white fluid exudate was reported in both cases.
Other Viscera: On examination of abdominal organs multiple
hemorrhagic spots were found in the gastric mucosa in 1 case
and it was pale in the other. Other visceral organs such as liver,
spleen, and kidney were congested in both the cases.
Reasons for committing suicide: Reasons for committing
suicide are represented in Illustration: 4
Illustration 2:
Marital Status: It was further examined with reference to
marital status of the above reported suicide cases. Among the
total number of cases 28 were married and 12 were unmarried.
The marital status of one case was unknown. It is interesting
to note the majority of females who had committed suicide
were married.
Marital Status
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Illustration 3:
Employment Status: The employment status of the reported
cases is given in the pie chart. It was seen that 29 of them
were unemployed, 7 were students and 4 were employed in
unorganized sector. The employment status of 1 case was
unknown.

Illustration 4:
Reasons for Committing Suicide: The reasons for committing
suicide are depicted in the pie chart. The reasons in 17 cases
were abdominal pain. 12 of them committed suicide due to
family problems. Other reasons such as mental illness and exam
failure were seen in 4 cases. The reason for committing suicide
in 10 cases could not be elicited.

Employment Status
Reasons for Committing Suicide

Discussion
On correlation of the postmortem findings with that of
the cause of death, the following observations have been made
with particular reference to the method of suicide adopted,
the type of poison consumed and the underlying pathology.
Poisoning: The cause of death due to the consumption of
individual poisons is shown in the Table: 4
Organophosphorus Compounds: Organophosphorus, a
pesticide, is one of the commonest agent used in suicidal
poisoning mainly owing to its easy availability and accessibility
to the common people2,3. Being irreversible inhibitors of
Acetylcholinesterase, they predominantly produce central
nervous system toxicity. In all the cases of organophosphorus
compounds poisoning, except one case, medical intervention
was brought in within 24 hours (fatal period). It is seen to
cause depression of respiratory centre and vasomotor centre4.
As a result of depression of these vital centers, there is acute
cardiac decompensation and respiratory failure leading to
severe generalized hypoxemia 5. Since brain it the most
susceptible organ to hypoxia, there is subsequent development
of the fatal condition called hypoxic ischemic encephalopathy
– the cause of death in organophosphorus poisoning3,6.
Carbamates: These are the group of insecticides which produce
reversible inactivation of enzyme acetylcholinesterase 5.
Therefore it shows milder manifestation as compared to that
of organophosphorus compounds. Similar to organophosphorus compounds, carbamates cross the blood brain
barrier and produce respiratory depression thus causing
hypoxemia. Hence the cause of death is mainly due to
respiratory failure5. In the reported cases mentioned above the
autopsy finding showed atheromatous plaques in the root of
aorta which is an incidental finding that the heart is in a
decompensated state.
Organochlorides: These are yet another group of pesticides
commonly used2. They are highly lipid soluble and act as
neurotoxins. They produce intense and persistent central
nervous system stimulation5. This is followed by respiratory
depression which is the major cause of fatality.
Lysol: Lysol is a proprietary preparation of 50% cresol in a
mixture of linseed oil, potassium hydroxide and water. This is
used as a household disinfectant. Lysol on ingestion is absorbed
into the circulation producing methemoglobinemia and
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massive hemolysis7. This has its effect on kidney as acute tubular
necrosis that results in acute renal failure. There is concomitant
accumulation of toxic metabolites in the blood which further
affects brain producing toxic encephalopathy which is the cause
of death. On aspiration Lysol produces laryngeal edema and
later aspiration pneumonitis which culminates in Acute
Respiratory Distress Syndrome which has a contributory role
in mortality.
Inorganic acids: Inorganic acids are a corrosive agent which
on ingestion cause intense irritation of the skin and mucosa8.
It produces ulceration followed by perforation of esophagus,
stomach and duodenum thus resulting in chemical peritonitis.
The acid fumes irritate respiratory passage resulting in edema
of larynx, trachea and lung parenchyma producing aspiration
pneumonitis and finally Acute Respiratory Distress Syndrome
which is the cause of death9.
Ammonium Dichromate: It is used in printing and dyeing
industry and produces poisoning on ingestion. It produces
severe and acute gastrointestinal bleeding which manifests as
circulatory shock. The cause of death in dichromate poisoning
is Acute Renal Failure10. This occurs by prerenal and renal
reasons. The prerenal cause is the circulatory shock which
compromises renal blood supply. The renal cause is the Acute
Tubular Necrosis due to the toxic effects of metabolites affecting
the kidneys11.
Hair Dye: It contains active ingredient called paraphenylene
diamine. It is marketed in India as Supervasmol. Immediately
on ingestion, it produces cervico fascial and angioneurotic
edema which is transient12. Later, it produces Acute Tubular
Necrosis and the resultant Acute Renal Failure which is the
cause of death.
Olanzapine: This is an atypical antipsychotic drug, one of the
most commonly encountered drug over dosage. Olanzapine
over dosage produce intense central nervous system stimulation
and hence extra pyramidal effects13. Isolated olanzapine
poisoning will not cause fatality. In the case already mentioned,
the autopsy findings showed atheromatous plaques in the root
of aorta, narrowed coronaries and thickened ventricular walls.
These are indicative of ante mortem cardiac decompensation
which would have had a contributory role in producing death
in olanzapine poisoning.
Hanging: Out of 16 hanging cases, 9 were declared dead when
brought to the hospital. Four variables determined the course
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of death in these cases – exact anatomical location, quantity,
duration and surface area of the force applied. When a minimal
prolonged pressure is applied over the neck, there is
compression of internal jugular veins which produces decreased
venous return from brain, gradually backing up blood in the
brain causing unconsciousness and depression of respiratory
centre. Following loss of consciousness the full weight of the
suspended part of body falls against the ligature creating
enough pressure to restrict the air flow through trachea thus
resulting in irreversible asphyxiation causing death14. In rare
instances, when significant pressure is applied over the neck
producing soft tissue injury, obstruction of internal carotid
arteries occurs. This causes compromised blood flow to the
brain. This will also cause baroreceptor stimulation and produce
reflex bradycardia and cardiac arrest, all contributing to the
cause of death. In the remaining 7 cases delayed effects of
hanging caused death. In these, the cause of death may be
Hypoxic Ischemic Encephalopathy or pulmonary edema.
Following ischemic insult to the brain there is primary energy
failure occurring in minutes. This is to an extent overcome by
auto regulation and restoration of cerebral blood flow. The
reperfusion caused sodium overload and excitotoxicity results
in immediate necrotic cell death. Later during the secondary
phase, there is mitochondrial dysfunction and caspases
activation producing delayed apoptotic cell death. Thus Hypoxic
Ischemic Encephalopathy ensues and causes death15. Cerebral
hypoxia causes increased release of cytokines. This coupled
with systemic hypoxia causes pulmonary vascular constriction,
pulmonary hypertension and damage to the pulmonary vessel
wall. Following sudden removal of airway obstruction there is
abrupt fall in the intrapulmonary pressure, increased venous
return and thus pulmonary hyperemia. All the above stated
effect culminates in pulmonary edema and death.
Burns: Burns due to kerosene and flames produce severe pain
& shock because of extensive stimulation to sensory nerves in
skin. Death may occur quickly from immediate shock with
vasomotor collapse or may be delayed to few hours16,17. If injury
is not sufficient to cause death within a few hours, the patient
may subsequently succumb to secondary effects such as
pneumonia, septicemia, Acute Tubular Necrosis etc. If the victim
dies shortly after receiving burns, the internal abnormality
found at autopsy will be non specific consisting mostly of
congestion of viscera18.
Reasons for committing suicide: Among the various reasons
abdominal pain was the reason for committing suicide in
majority of the female cases (17 cases-39.53%). Out of these
17 cases, 6 were due to hanging, 10 were due to poisoning
and one of them adopted burning as the mode of suicide.
When the marital status was noted it was found that 14 of
them were married. On looking into the cause for the
abdominal pain a range of reasons were noted. 12 (70.58%)
cases committed suicide due to dysmenorrhea which
contributed to the maximum cause of abdominal pain. When
the information about the cases where the suicidal deaths due
to dysmenorrhea was explored it was seen that 9 of them were
married and belonged to the age group 20-45 years. Of the
12 cases 3 of them were unmarried in the age group of 18-20
years. 3 (17.64%) of the total 17 cases developed abdominal
pain due to pregnancy related reasons (termination of
pregnancy and retention of placenta). 1 case (5.88%) of age
34 years was reported to be chronic sufferer from abdominal
pain due to appendicitis and renal calculi19,20. Out of 17 cases,
the reason for abdominal pain in 1 case was unknown.

Conclusion
Classification of the female suicide deaths reported at
Government General Hospital, Chennai during the year 2008

has been recorded as above. The cause of death has been
interpreted with reference to the mode of suicide adopted,
i.e. hanging, poisoning or burns, in case of poisoning with
particular reference to the type of poison consumed and their
effects on various organ systems supported by the autopsy
findings. It is interesting to note that in majority of cases
(29.26%) the reason for committing suicide was reported to
be abdominal pain due to dysmenorrhea as per records. Since
there were no apparent stressors found in the records such as
issues related to marriage, dowry, relationship affairs,
alcoholism of spouse, financial debts, etc., in these cases, the
abdominal pain could be considered as a manifestation of
somatisation or depression. The object of the study would be
much more fulfilled if it kindles interest and throws open newer
dimensions in related studies like psychological autopsy in
future.
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Abstract
Saliva can be of forensic significance because traces of
drugs that are circulating in the body can be present in saliva.
The composition of the saliva accurately mirrors the proteins
that are present in both the blood and the urine. Thus, testing
of saliva, which is easier and less obtrusive than obtaining a
blood or urine sample, can be used for forensic analysis.
Promising preliminary research results have shown that
aberrant genetic material (deoxyribonucleic acid; DNA) and the
messenger ribonucleic acid (mRNA) that helps process the
genetic information into a protein from cells can also be
detected in saliva. This review evaluates the use of saliva for
forensic analysis.

Key words
Saliva, collection of saliva, saliva detection, salivary RNA,
wild life forensics.

Introduction
A forensic investigation can involve the analysis of body
fluids, including saliva, for evidence of toxins and saliva has
shown to be a valuable tool in various types of forensic case
works. Obtaining a saliva sample is far less obtrusive and
cumbersome than obtaining a blood or urine sample, especially
at the scene of an accident or crime. This article reviews the
role of saliva as an alternative matrix for forensic analysis which
includes various methods of its collection, its analysis and the
various methods of saliva detection in the crime scene.
Human saliva is produced by glands in various locations
in and around the mouth. Parotid glands produce only about
25% of the total saliva in the unstimulated rest state, and the
submandibulars are by far the most active glands in the
unstimulated state, and they are estimated to produce about
70% of the total rest volume1.

Salivary components
Saliva is principally a mixture of water and electrolytes;
both pass into the acini from a dense network of capillaries
that surround the salivary glands. The initial product secreted
by the cells in the acini has concentrations of sodium,
potassium, chloride, and bicarbonate ions similar to plasma.
As the saliva passes through the ductal regions of the glands
sodium and chloride ions are absorbed, and additional
potassium and bicarbonate ions are secreted. The total ionic
concentration of the final product is lower than that of plasma5.
Ionic concentrations change as saliva production is stimulated
and concentrations of sodium, chloride, and bicarbonate ions
all increase with accelerated flow. As bicarbonate levels increase
the pH of saliva changes from slightly acidic (6-7) to slightly
basic (around 8)4,5. Changes in the pH of the saliva can be a
concern for saliva testing because pH can have an effect on

the amount of ionic charge present on certain drugs or other
compounds. The presence of these charges can affect the ability
of the compound to diffuse through neutral lipid membranes,
and be present in saliva 7. Saliva also contains organic
compounds that are synthesized primarily in the cells of the
acini, and also to a lesser extent by some ductal cells. These
organic products are mostly proteins or peptides, including
enzymes, mucins, lactoferrin, cystatins, and histatins. Nutrients
needed for the synthesis of these compounds pass from the
capillaries surrounding the glands into the cells, either by simple
diffusion, or by active transport mechanisms4. Immunoglobulins
released from nearby B-lymphocytes are also transported
through cell membranes of the salivary cells and secreted into
the saliva7. Recent research has confirmed that stressful
situations cause the cells to increase a-amylase levels in saliva,
and that these increases are independent of salivary flow rates.
(11)
This relationship is useful to researchers, since it provides a
simple, indirect way to measure activation of the sympathetic
nervous system.

The Movement of Substances from Blood into
Saliva
The most common way for substances to migrate from
blood to saliva is believed to be by unaided, or passive diffusion.
Materials can pass from the blood system into the space
surrounding the glands, and then make their way directly
through the membranes of acinus or duct cells. Steroid
hormones are relatively small in size, and most of them are
fatty, non-polar compounds, so they tend to pass relatively
easily by diffusion. Other molecules such as the large protein
hormones or hormones and drugs that are bound to large
carrier proteins while in the bloodstream, are too big to enter
by this route12. Filtering through the tight spaces between
acinus or duct cells is another pathway to enter saliva. Sulfated
steroids such as dehydro-epiandrosterone sulfate (DHEA-S) and
estriol sulfate, which are not able to pass through the fatty
cell walls because of their electrical charges, are believed to
enter principally by the filtration route. Compounds such as
DHEA-S are slower to migrate into saliva than the neutral steroid
hormones, and when saliva output is stimulated they may move
too slowly to keep up with the accelerated flow rates, causing
concentrations in saliva to drop12. Outflow of the serum-like
gingival crevicular fluid (GCF) from the gums, or from small
injuries or burns in the mouth is the third pathway for entry
into saliva. GCF is believed to be a major route by which certain
molecules, which would ordinarily be too large to pass by either
diffusion or filtration, can find their way from serum into
saliva12,13. A fourth pathway for the entry of a substance into
saliva is by active transport through the secretory cells of the
glands, which is the route used by secretory immunoglobulin
A (SIgA). Polymeric IgA is secreted by B-lymphocyte cells close
to the salivary cells, then bound and transported across the
cells by a Polymeric Immunoglobulin receptor, and finally
released into salivary secretions14. It has been shown that
secretion of SIgA is increased by nervous stimulation of the
saliva glands18. SIgA concentrations in saliva are known to
decrease as saliva flow is stimulated19.
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Various methods for saliva collection
Saliva collection involves a variety of methods. Salivary
production can be stimulated or unstimulated. The simplest
method of stimulation involves tongue, cheek or lip movements
without the use of an external stimulus. Mechanical methods
involve chewing paraffin wax, parafilm, teflon, rubber bands,
gum base or chewing gum. Unstimulated saliva can be collected
by the draining method, which is performed by allowing saliva
to drip from the mouth into a collection container. A lemon
drop or citric acid can be placed in the mouth to provide a
gustatory stimulus for saliva production 17 . Following
stimulation by one or more of these methods, saliva can be
spit, suctioned, or swabbed from the mouth. Some collection
techniques combine stimulation and collection of the saliva
using absorbent materials such as cotton balls or cotton rolls.
After the absorbent material becomes saturated with saliva, it
is removed from the mouth and the saliva is extracted by
centrifugation or by applying pressure to the material. Potential
problems associated with stimulating saliva production include
absorbtion of some drugs for example by paraffin and
therefore, give erroneous results when saliva is tested for drugs
or drug metabolites. Also, paraffin contains compounds that
may affect chromatographic analyses—again affecting drug
testing accuracy. Some salivary stimulants may change the
salivary composition and, therefore, affect the saliva-drug
concentration. Citric acid and cotton have also been shown to
alter immunoassay drug test results18. Several devices are
commercially available for collecting saliva. Some devices are
based on the collection techniques just discussed. They carry
names such as Oral Diffusion Sink®, Proflow SialometerTM,
Orasure® SalivetteTM. They have been advocated for saliva
collection when testing for ethanol, steroids, and many other
drugs18.

Double swab technique to collect saliva
During the process of biting and also during kissing and
sucking, saliva is deposited on the skin’s surface. It has been
shown that this trace evidence is present in sufficient quantity
and quality to enable, PCR (polymerase chain reaction)-based
typing of the DNA (deoxyribonucleic acid) that is present in
saliva from white blood cells and possibly from sloughed
epithelial cells23. High-intensity alternative light sources and
lasers are now widely used by the police to locate stains from
bodily fluids at the crime scene. Saliva stains deposited on skin
even in the absence of marks from teeth can be found and
recovered. After analyzing the salivary DNA and establishing
the depositor’s DNA profile, this result can be compared with
the DNA profile of any suspects obtained from buccal swabs
containing saliva or whole blood taken using a lancet24. The
double swab technique has proven to be an effective method
to obtain this salivary evidence from both skin and inanimate
objects26,27. Using this technique it has been shown that the
DNA profile from the victim’s skin can be differentiated from
the DNA profile of the saliva contributor. Saliva that has been
deposited on the skin during biting or sucking can be collected
and analyzed. According to Sweet et al. 1997 the double swab
technique should be employed first. Accordingly a cotton swab
moistened with distilled water must be employed first to wash
the surface that was contacted by the tongue and lips using
light pressure and circular motions. Then a second swab that
is dry is used to collect the remaining moisture that is left on
the skin by the first swab. Both swabs are thoroughly air-dried
at room temperature for at least 45 minutes before they are
released to police authorities for testing. The two swabs must
be kept cool and dry to reduce the degradation of salivary
DNA evidence and the growth of bacteria that may contaminate
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the samples and reduce their forensic value. Then they should
be submitted to the laboratory as soon as possible for analysis.
If the time until submission is protracted, it is recommended
that the swabs be stored in a paper evidence envelope or box
that will allow air to continue to circulate around the swab
tips. (The swabs should not be sealed in plastic bags or plastic
containers.) The envelopes or boxes should be refrigerated or
frozen during storage. A DNA sample consisting of a buccal
swab or a sample of whole blood must also be collected from
the victim at this time to provide the opportunity for
comparison with the sample from the bitemark. The victim’s
DNA profile will enable analysis of any mixtures that are found
in the sample from the bite, which may involve contributions
from the depositor and the victim. Conclusions from the
analysis of bitemark evidence can assist the justice system to
answer crucial questions about interactions between people
at the scene of a crime.

Storage of saliva
Proper storage of saliva is mandatory unless analyses are
to be performed immediately. Saliva is usually freezed to -20°C,
while centrifugation before freezing is recommended by some
and others recommend centrifugation after thawing and prior
to analysis. In forensic work in which saliva samples have been
taken primarily for serological purposes, it is common practice
to subject the sample and container to boiling water
temperatures for 15-30 minutes prior to freezing18.

Methods for saliva analysis
Gas Chromatography is the most popular analytical
procedure for the measurement at the nanogram or picogram
level of saliva.
Immunological methods of analysis have been widely used
for monitoring drugs in saliva and other body fluids, mainly
because of their relative simplicity of use, requiring little or no
extractive operations, their application to large batch analyses
and their sensitivity. Radioimmunoassay (RIA) techniques have
been used especially for the analysis of hormones in saliva,
such as estradiol, progesterone, testosterone, cortisol, and
cortisone. Other drugs, which have been measured with RIA
are cocaine, cannabinoids, haloperidol, theophylline and
cotinine. The use of the alternative non-radioactive
immunological procedure, an enzyme multiplied immunoassay
technique (EMIT), is based on competitive protein binding using
an enzyme as a label and an antibody as a specific binding
protein. The enzyme activity is related to the amount of drug
in the sample and is measured spectrophotometrically.
Although this assay is very easy to use and requires no
radiochemical facilities, it is not used very often for monitoring
saliva levels. Sensitivity may be one major reason for this18.
Thin-layer chromatography (TLC) has the advantage of
simplicity and allows the simultaneous determination of several
samples. However, the major limiting factor is the detection of
the respective spots on the thin-layer plate at low drug levels
in saliva. Therefore, this technique is not often used in the
drug monitoring of saliva. With the development of HighPerformance TLC (HPTLC), higher sensitivity and precision was
reached.

Various methods for saliva identification
Rapid stain identification test
The identification of saliva on items such as envelopes,
cans, cups, bottles, and fabric may aid investigators in
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reconstructing what occurred during a crime. In addition, saliva
detection can help determine which items of evidence should
be processed for DNA-STR testing. DNA regions with short
repeat units are called Short Tandem Repeats (STR). Current
methods used to detect human saliva assay for the enzymatic
activity of á-amylase, an enzyme found in saliva that aids in
the digestion of starches have significant disadvantages
including. Lack of specificity, lack of sensitivity, and lack of
integration into current DNA-based protocols. The
developmental validation of a new saliva identification test,
Rapid Stain Identification-Saliva (RSID-Saliva), is described
below. The Amylase test was formerly used as a method for
the detection of saliva28. Amylase is a digestive enzyme primarily
found in pancreatic juices and saliva, and is required for the
breakdown of long-chain carbohydrates in humans and
animals. The principle of the Amylase Test involves the hydrolysis
of a water-insoluble cross-linked starch polymer by á-amylase
to form water-soluble blue fragments. The level of blue
colouration of the solution indicates the level of amylase activity
in the sample. Two commercial kits that are currently available
are the SALIgAE® Test for the Forensic Identification of Saliva
and the Rapid Stain Identification (RSID®)-Saliva test kit29. The
Rapid Stain Identification (RSID®) test for saliva is the first
available test kit for the specific detection of human saliva,
testing for the presence of human salivary á-amylase. The test
is comprised of immunochromatographic strips that use two
mouse monoclonal antibodies specific for human á-amylase;
one form of antibody is conjugated to colloidal gold present
in the sample pad of the kit, whilst the other form of antibody
is present in the strip on the test region of the kit30. If human
á-amylase is present in the test sample when it is added to the
kit, an antigen-antibody conjugated to a colloidal gold complex
will form. As this complex migrates down the kit test substrate,
the immobilised anti-á-amylase antibodies on the test region
bind the á-amylase -antibody-gold complexes, producing a red
coloured band. The kit also contains an internal control
consisting of anti-mouse IgG antibody. The anti-mouse IgG on
the control region binds any mouse antibodies migrating past
the control region, producing a red band. The presence of two
red lines indicates the sample is positive for human saliva, a
red band present in the control region only indicates the sample
is negative for human saliva and if there is a red band present
in the test region only or the absence of red bands entirely,
the test has failed and the test is deemed invalid.
Use of RSID- saliva in case work
The use of RSID- saliva has been shown to be a valuable
tool in the following types of forensic case works39
Examination of complainant’s jean for saliva transfer and
DNA after it was alleged that a doctor kissed her thigh during
a routine medical examination. (thigh swabs were not collected)
Examination of male child’s pyjama pants for saliva transfer
and DNA after it was alleged that an offender performed oral
intercourse on him.
Examination of complainant’s clothing for saliva and DNA
corresponding to bite marks after it was alleged that she was
bitten through her clothing during a rape.
cDNA Library Analysis to Characterise Salivary RNA
Previous studies have demonstrated that the supernatant
phase of human saliva contains on average, about 3,000
different mRNA species 32. Of these, 185 mRNAs were
consistently detected in saliva of healthy subjects, referred as
normal salivary core transcriptome (NSCT). Human salivary
mRNA has been used for various applications. Forensic scientists
use a small set of saliva-specific mRNAs for body fluid
identification33. Recently it was shown that salivary RNA is
protected from degradation due to its association with
macromolecules34. Salivary RNA appears to enter the oral cavity

from different sources including the three major salivary glands,
gingival crevice fluid, and desquamated oral epithelial cells. It
has been indicated that there is not a preferential degradation
pattern of salivary RNA from either 52 or 32 ends, suggesting
that endonucleases are largely responsible for salivary RNA
degradation34. The study by NohJin et al. 200735 further
evaluated the integrity of salivary RNA by generating a cDNA
library using RNA isolated from the supernatant phase of saliva.
The analysis was based on the randomly sequenced 117
colonies and subsequent bioinformatics analyses. RNA analysis
offers insight into diseases and mechanisms leading to death
and could develop into a valuable tool for diagnosis of the
cause of death in forensic pathology. Other possible
applications include the determination of the age of wounds
and injuries, the post-mortem interval and to determine a more
accurate time of death for bodies and dismembered body parts.
Simulated case work scenarios in saliva DNA analysis
Studies were also conducted examining the retrieval and
detection of saliva and the integration of saliva detection tests
into DNA analysis. It was found that saliva could be detected
on the swabs from the skin of normal active individual 72 hours
post saliva deposition. After DNA analysis of the swabs, mixed
DNA profiles were obtained that could be accounted for by
the donor of the saliva and the individual that the saliva was
swabbed from39.
Studies have found that saliva that has been deposited
onto different highly dyed materials could be detected and
DNA profiles were obtained from the material that matched
the profile of the donor of the saliva.
Studies have also shown that salivary DNA has a significant
role in wild life forensics too. In a study by Blejwas et al. it has
been shown that salivary DNA is a potentially powerful means
of both investigating predation patterns and evaluating the
effectiveness of control at targeting individuals that kill
livestock. Resolving conflicts between predators and livestock
producers depends on obtaining reliable information about
the predators that kill livestock. In this study salivary DNA
obtained from attack wounds on domestic sheep carcasses
was used to identify the species of predator responsible for
the kill, as well as the sex and individual identity of coyotes
(Canis latrans) that killed the sheep36.
Stable RNA markers for detection of saliva stains
Limitations of existing presumptive tests for body fluid
identification in forensics, which are usually based on
chemoluminescence or protein analysis, are expected to be
overcome by RNA-based methods, provided that stable RNA
markers with tissue-specific expression patterns are available.
To generate sets of stable RNA markers for reliable identification
of saliva stains the study by Dmitry et al. 2007 performed wholegenome gene expression analyses on a series of time-wise
degraded saliva stain samples using the Affymetrix U133 plus2
GeneChip, consulted expression databases to obtain additional
information on tissue specificity, and confirmed expression
patterns of the most promising candidate genes by quantitative
real-time polymerase chain reaction including additional
forensically relevant tissues such as semen and vaginal
secretion. Nine stable mRNA markers for blood and five stable
mRNA markers for saliva detection showing tissue-specific
expression signals in stains up to 180 days of age were
identified. It was found that although, all of the markers were
able to differentiate blood/saliva from semen samples, none
of them could differentiate vaginal secretion because of the
complex nature of vaginal secretion and the biological similarity
of buccal and vaginal mucosa. This study has proposed the
use of these 14 stable mRNA markers for identification of saliva
stains in future forensic practice.
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Acoustic differential extraction of saliva in sexual assault
Jess et al. 2009 has described the limitations of Forensic
DNA analysis of saliva obtained from sexual assault evidence
which relies on separation of male and female components of
the recovered genetic material. The conventional separation
method used by crime laboratories, differential extraction (DE),
is one of the most time-consuming sample preparation steps,
requires extensive sample handling, is difficult to automate,
and often results in inefficient separation of female DNA from
the male sample components. Acoustic differential extraction
(ADE) analysis was developed on a microfluidic device to
circumvent conventional DE. The ADE method relies on acoustic
trapping of sperm cells in the presence of epithelial cell lysate
(which is unretained), and laminar flow valving to direct the
male and female fractions to separate outlets. Following the
separation of sperm from epithelial cell lysate, DNA extraction,
quantitation, amplification, and separation were performed
using conventional laboratory methods. The results show that
highly purified male and female fractions can be obtained with
the ADE microdevice from mock sexual assault samples in 14
minutes. ADE analysis provides the potential to significantly
alter the means by which sexual assault evidence like saliva is
processed in crime laboratories.

Conclusions

The Growing Use of Salivary Testing
Given the ease with which saliva samples may be collected,
it is an ideal medium for monitoring the use of illegal drugs or
other harmful substances, such as tobacco,and numerous test
devices are being introduced to serve this need. Another
notable development is the recent introduction of the first saliva
test kit to check for the presence of antibodies to the HIV virus.
It is also becoming increasingly clear that saliva contains many
more substances than had been previously realized. The UCLA
Human Salivary Proteome Project, funded by the National
Center for Dental and Craniofacial Research, has already
identified more than 1000 proteins in the saliva of healthy
individuals, and its participants are now studying the saliva of
individuals with various diseases, looking for substances that
could be used for screening and diagnostic purposes. Studies
are already beginning to report results, such as the
identification of RNA molecules that are associated with oral
cancer, which could lead to practical tests for the disease in
the near future.

I thank Prof. (Dr.) J.L Aggarwal for his constructive
suggestions in finalizing this review article.

Use of saliva for drug detection
A number of drugs are known to affect the secretion of
oral fluid. Most commonly these are amphetamines, including
the designer forms such as cannabis. Other drugs include the
sedating antihistamines, antipsychotic drugs, anticholinergic
drugs and a number of antidepressants. Many drugs of interest
in the criminal justice setting have been detected in oral fluid,
including ethanol, methamphetamine, amphetamine,
barbiturates, benzodiazepines, heroin, cocaine, cannabinoids,
marijuana, nicotine, opioids and phencyclidine
Advantages and disadvantages of oral-fluid drug testing
Oral fluid is relatively clean and readily accessible for
sampling. Collection is easy, non-invasive, and inexpensive.
Without invasion of privacy,sampling can be better supervised
reducing the opportunity for sample adulteration or
substitution. Direct comparison of unbound, pharmacologically
active drug concentrations to pharmacodynamic effects is
possible. The disadvantages are variability of salivary flow and
pH, and a shorter detection window than other biological
fluids.Few reports of drug concentration data to guide
interpretation of oral fluid test results are available. Oral fluid
drug concentrations often are lower than concentrations in
traditional biofluids.

Given the ease with which saliva samples may be collected,
it is an ideal medium for monitoring the level of drugs,
hormones and many more substances. Another notable
development is the recent introduction of the first saliva test
kit to check for the presence of antibodies to the HIV virus.
Human body fluids such as blood and saliva represent the most
common source of biological material found at a crime scene.
Oral fluid (saliva) meets the demands for a noninvasive and
accessible diagnostic medium and for use of human RNA as a
diagnostic or forensic tool. Reliable tissue identification in
forensic science can reveal significant insights into crime scene
reconstruction and can thus contribute toward solving crimes.
Limitations of existing presumptive tests for saliva are expected
to be overcome by RNA-based methods. As additional
substances of interest are being discovered in saliva, discovery
of methods to assay their presence quickly and efficiently will
be a corner stone in Forensic analysis.
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As computers become more integrated into people’s daily
lives, investigators are encountering an increasing amount of
evidence of criminal activity in the digital form. There is growing
need of understanding these methods and trained experts to
process digital evidence. So training and laws related must
keep pace with advances in computer technology making
digital forensics an exciting field.

harmonization of methods and practices among nations and
guarantee the ability to use digital evidence collected by one
state in the courts of another state”. In 1998, Scientific Working
Group on Digital Evidence (SWGDE) was set up “to promulgate
accepted forensic guidelines & definitions for handling of digital
evidence2
The first Digital Forensics Research Work Shop (DFRWS)
held in 2001, suggested a title for the field – “Digital forensic
science”1.

Key words

Digital threat

Abstract

Digital Forensic-Computer Crimes-Threats.

Introduction
The brainchild of technological advancement-the
computer has never ceased to amaze us in terms of the human
powers. It has found a permanent place in our everyday lives,
from its use in our homes as PC’s to banks, hospitals, law firms
and even in the defense sector to store data and as a means
for easy retrieval of information.
The prospects of a job opportunity are aplenty and its
growth as a subject has been tremendous. It is no wonder
that bill gates-the founder of Microsoft has the most envied
job in the world. This technological wonder in all its glory does
come with its demerits. A world of felony and criminal activity
such as involvement of terror groups, stalking, child
exploitation, extortion etc revolves around the misuse of the
knowledge of computers.
The scope of these crimes has become additive due to
abundance of mobile phones and other wireless technology.
Cybercrime is broadly defined as criminal activity
committed on computers or the Internet. The term also includes
crimes that are committed offline, but facilitated by a
computer1.
Computers can be involved in crime in three general ways1
i.
As a target: using a computer to attack other computers.
e.g., Hacking, Virus/ Worm attacks, DOS attack etc.
ii. As an instrument: using a computer to commit real world
crimes. e.g., Cyber Terrorism, IPR violations, Credit card
frauds, EFT frauds, Pornography.
iii. As a source of evidence.

According to the National Institute of Standards and
Technology (NIST), 30 to 40 new attack tools are posted on
the Internet every month3.
Machines can be used or attacked by some of the following
methods3
→ program that conceals harmful code. It is
Trojan horse→
masquerade as a useful program that a user would wish to
execute
→ program that “infects” files, usually executable
Virus→
programs, by inserting a copy of itself into the file. These copies
are usually executed when the infected file is loaded into
memory, allowing the virus to infect other files. Unlike the
computer worm, a virus requires human involvement (usually
unwitting) to propagate.
→ independent computer program that reproduces by
Worms→
copying itself from one system to another across a network.
Unlike computer viruses, worms do not require human
involvement to propagate3.
To cross over the system attack tools IT companies
spending has quadrupled in last five years to roughly 10%4.
Still the illicit world manages production of paraphernalia to
lacerate the information.
Here is below a graph showing the complaints received
by Internet Crime Complaint System (IC3), the augmentation
of the complaints5.

New possibilities for computer related crimes5
1.

2.

Developing forensic discipline
Early approaches date back to late 1980s & early 1990s
when the law enforcement teams with computer professionals
processed digital evidence.
Number of new terms was created to portray this practice
& accommodate the technologies, few to name were computer
forensics, forensic computer analysis & forensic computing,
network forensics, internet forensics & incident forensics2.
The International Organization of Computer Evidence
(IOCE) was established in mid-1990s “to ensure the
58

3.
4.
5.

Credit card related crimes: Internet hackers are
continually looking for opportunities to compromise a
company’s security in order to gain access to confidential
banking and financial information.
E-commerce/Investment Frauds: uses false or fraudulent
claims to solicit investments or loans, or that provides for
the purchase, use, or trade of forged or counterfeit
securities.
Online Gambling: there are millions of websites hosted
on servers abroad that offer online gambling.
Forgery: Counterfeit currency notes, postage and revenue
stamps, mark sheets etc can be forged using sophisticated
computers, printers and scanners
Sale of illegal articles: trade of narcotics, weapons and
wildlife etc., by posting information on websites, auction
websites, and bulletin boards or simply by using email
communication.
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Defamation: defamation takes place with the help of
computers and / or the Internet. Cyber defamation is also
called as “Cyber smearing”.
Identity Theft: Identity theft occurs when someone
appropriates another’s personal information without their
knowledge to commit theft or fraud.
Data diddling: Data diddling involves changing data prior
or during input into a computer
Email Related Crimes: such as Sending threatening
emails, Sending malicious codes through email, Email
bombing, Defamatory emails and Email frauds.

Safeguarding
A hundred percent security of data in system is a myth.
Still, methods are developed day night to keep the information
from unauthorized entrée1.
Some of them are short listed below
Firewalls à prevents unauthorized access by internet or network
Antivirus à these perform routine checks & detect virus, worms,
Trojans present in computers.
Intrusion detection systems à detect inappropriate, incorrect,
or anomalous activity on a network or computer system
Smart tokens à Establish identity of users using an integrated
circuit chip in a portable device such as a smart card or time
synchronized token.

Evidence assortment
In any investigation, the basic question marks are why
(motive), how (means) & when (opportunity). To get a theory,
the scene should be investigated thoroughly with interview &
interrogation of witness and/or suspects.
Collecting proof from computer, both hardware &
software are taken care of.
At its basic level, digital evidence exists in a physical
medium like magnetic disk, copper wire or radio signal on air8.
Forensics have less to do with these though, they deal with
translated data in human interpretable form.
Slack space → “garbage” space for DOS to put files when it is
clearing memory2
→ space taken by “real” file when its erased2
Unallocated space→
These are potential areas to detect forensic facts.
Unallocated space is referred to as goldmine from forensic
viewpoint2.
→ Swap files
Windows swap files & web browser caches→
used by windows to write everything from scratch pad to
temporary memory, so anything can be written which remains
for the analyzer to discover it. These are 2 types:
1. permanent – continue to exist after machine is shut down
2. temporary – “collapse” as window closed[2]

Scrutinizing the evidence
Following guidelines can be followed for analysis

Make a bit stream image backup of target disk
Catalog disk contents using file listing utility
Create a keyword list that is apposite to the investigation,
key word can be derived from interviews from witnesses
and the various leads developed
4. Use a search tool for keywords listed in all concealed areas
including slack & unallocated space
5. Manually evaluate search results
6. Document the results
7. Check & recheck the results if necessary6
In cases, were the operation is with encrypted code,
approach is by either acquiring the password of code during
interview or getting the password by “password recovery
software”.

Validity of evidence
The fact of the matter lies that the evidence consequential
is related to the event under investigation.
Computer itself behaves in a similar way under different
stimuli, for instance, buggy software or a hard disk failure can
lead to analogous malfunction as in incidence of a virus. To
rule out such false positive possibilities the analyst should thus
have immense knowledge about computers & consider them
while deriving a theory.
Techniques are also used to confirm the events. Here comes
the place of “Timeline Analysis”7.
In this tool, first step is to extract all data from logs
followed by placing the events on a graph. The pattern of the
graph can give a track if the event was malicious. This is just a
single piece of the whole Jigsaw puzzle, results are only
indicative.

Laws associated & vista in India
The Information Technology Act (ITA-2000) was notified as an
Indian Parliament Act on 17th October 2000. The ITA-2000
addressed the following issues:
1. Legal Recognition of Electronic Documents
2. Legal Recognition of Digital Signatures
3. Offenses and Contraventions
4. Justice Dispensation System for cyber crimes
“An Act to provide legal recognition for transactions
carried out by means of electronic data interchange and other
means of electronic communication, commonly referred to as
“electronic commerce”, which involve the use of alternatives
to paper-based methods of communication and storage of
information, to facilitate electronic filing of documents with
the Government agencies and further to amend the Indian
Penal Code, the Indian Evidence Act, 1872, the Bankers’ Books
Evidence Act, 1891 and the Reserve Bank of India Act, 1934
and for matters connected therewith or incidental thereto.”8
The bill was amended in 2006 & re-amended in 2008;
finally the 2008 bill is accepted. The Bill has now been renamed
as Information Technology (Amendment) Bill, 200814.

Summary and conclusion
Cyber terrorism has become an attractive option for
modern terrorists for several reasons.
1. It is cheaper than traditional terrorist methods.
2. Cyber terrorism is more anonymous than traditional
terrorist methods.
3. The variety and number of targets are enormous.
4. Cyber terrorism can be conducted remotely, a feature that
is especially appealing to terrorists.
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5.

Cyber terrorism has the potential to affect directly a larger
number of people.
The idea of the whole article is to give brief insight about
crimes related to or done using computers, the way of analysis
& laws in association. These non-living machines can help track
down the predator, for instance, the victim’s personal
information like dairy and they can provide clue for further
investigation. With the extensive use of computers, the crime
rate is also no doubt increased & the laws should accordingly
be stiffened to tighten the rope around criminal’s neck.
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Abstract
The involvement of children in the legal system as
witnesses has increased dra-matically in the recent past, mainly
as a result of society’s heightened awareness of the problem
of sexual and physical abuse and the subsequent removal of
several legal impediments to children’s testimony. The increased
interaction between children and the legal system helped to
create research interest in the area of children’s eyewitness
capabilities. Several sensational cases in the 1980s and 1990s
in which children were interviewed with highly suggestive
tactics, thus compromising their credibility, raised concerns
about children’s suggestibility and ability to provide accurate
testimony. Compared to earlier turn-of-the-century studies on
children’s eyewitness ability, more recent studies, especially
studies conducted in the last decade, rep-resent several
advances in research methodology. These studies have
identified both strengths and weaknesses in children’s
eyewitness testimony.

representation, making a source-monitoring error. Bjorklund
and colleagues17 showed children a brief video of a theft and
then repeatedly asked them either misleading or unbi-ased
questions. Children were later given both free recall and
multiple-choice recognition questions. Correct free recall of
the central items declined across time, whereas levels of
incorrect free recall, while remaining low overall, showed an
increase over the testing sessions.
Several studies indicate that social demands also play a
large role in the sug-gestibility of children. Support for the
role of social demands comes from studies indicating that
misinformation effects drop significantly when a new
interviewer and unbiased questions are used18-19. Addi-tional
evidence of the role of social demands comes from studies
indicating that misinformation is more likely to be reported
when it comes from a more author-itative source4. Paradigms
designed to minimize the social demands of the testing
situation also cause reduced suggestibility in children20,21.

Interviewing child witnesses
Key words
Legal ; Eyewitness;

Introduction
Children’s Suggestibility
Although many studies have indicated that younger
children are more suscepti-ble to misinformation than older
children and adults1, children may also be very accurate,
especially in response to questions concerning abuse-related
acts2,3 Children, however, do sometimes become misled by
misinformation, and younger children may be especially
vulnerable.
Ceci, Ross, and Toglia4 were among the first researchers
to examine misinformation effects in children. Children heard
a story that was accompanied by black-and-white illustrations
and then were presented with misinformation after a day.
Children ranging in age from 3 to 12 years showed
misinformation effects. However, in a series of studies by
Zaragoza and colleagues5-7, no misinformation effect was found
for children, even when the stimuli were the same as those
used by Ceci and colleagues4.
Studies have demonstrated that children may be misled
about infor-mation from experienced events as well as for
information in books, pictures, or videos8-10. Poole and Lindsay11
found that children were quite accurate in an immediate nonsuggestive interview about a science demonstration they had
participated in with a researcher. After a delay and repeated
exposure to misleading information, however, children often
included misinformation in their responses12.
As with adults, source-monitoring errors have been
implicated as playing major role in the suggestibility of
children13-16. Source-monitoring errors occur when individuals
forget or misattribute the source of a memory. If a child reports
misinformation in later free recall, then it is likely that the child
has incorporated; that information into his or her original event

One factor that is detrimental to the accuracy of child
eyewitness reports is the delay that often exists between the
alleged crime in question and the time that children are
interviewed or testify about that incident. In some cases, delay
may be caused by a delay in reporting the crime for instance,
when a child is abused but fails to disclose that abuse until
much later. In other cases, though, the delay may simply be
caused by the slowness of the justice system. Although studies
on the long-term memories of children are relatively rare, there
is evidence to suggest that long delays may be particularly
harmful to the reports of younger children.22,23 Salmon and
Pipe.24 interviewed 3- and 5-year-old children three days and
again one year after a quasimedical event. Though the reports
of the older children remained equally accurate at the oneyear delay as they were at the three-day delay, the reports of
the younger children were more susceptible to errors over time.
A number of practices within an interview may also be
harmful to accuracy of child witnesses. Children’s accuracy may
be compromised when children are informed that a trusted
adult confirmed the truth of an event25. Questioning in a
multiply suggestive manner or using coercion may also seriously
degrade children’s reports26. Children may also be less accurate
when they are questioned about events in which they were
not directly involved27 and when they hold a stereotype that
conforms to inaccu-rate suggested information28 .
Another factor that may hinder accuracy of child witnesses
is repeated mul-tiple suggestive interviews. Although non
misleading repeated interviews may help refresh and maintain
accurate memory29, highly suggestive repeated interviews can
have a detrimental effect on children’s ability to provide
accurate eyewitness reports.
Repeated misleading questioning can heighten
suggestibility, especially in younger children28. In addition,
repeated questions may be detrimental to children’s accuracy
because children may interpret the repeti-tion of a question as
an indication that their previous answer was wrong. Thus,
children who are asked questions repeatedly may change an
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answer simply to comply with the perceived wishes of the
interviewer. In CasseL Roebers, and Bjorklund’s study30 in which
children were questioned about their memory for a film of a
bicycle theft, many children changed their answers in response
to repeated questions.
A common recommendation for interviews with children
is that open-ended rather than specific questions be used, at
least initially, because children’s answers to open-ended
questions ordinarily have a high degree of accuracy31-33. This
recommendation is similar to training for the cognitive
interview, which reminds interviewers to let the witness tell
the story in free narrative and not to interrupt with specific
questions. However, one limitation of open-ended questions
is that children often provide only limited narratives in response
to such questions34.
Interviewing by a kind and friendly interviewer can have a
positive effect on children’s accuracy and conversely
interviewing by a stern and cold interviewer can have a negative
effect35. Carter, Bottoms, and Levine36 interviewed 60 children
aged 5 to 7 years. Interviewers behaved either in a warm,
supportive manner, or in a detached, cool, and therefore
somewhat intimidating manner. Children who were interviewed
by a supportive interviewer were more resistant to misleading
questions than were children interviewed by a detached
interviewer.

Scripted protocols for interviews
Specific probes or questions should be followed by openended questions to elicit narratives that are as free as possible
from the constraints of the question form37-38. In reality,
however, investigative interviewers may fail to follow
recommendations and rely heavily on specific questions to elicit
information, even after interview-ers received special training
specifically focused on the structure of the interview39-40.
Sternberg, Lamb, Esplin, and Baradaran41 proposed a
promising ap-proach. In addition to having experienced forensic
interviewers participate in a training program, they asked them
to follow a scripted protocol when interview-ing real alleged
victims of sexual offenses. Two types of scripted protocols,
dif-fering only in their introductory phase, were used. The openended introduction relied on open-ended prompts, whereas
the direct introduction used specific ques-tions. Thus, although
both types of introduction dealt with similar contents—the
child’s family and school life—they used different question
types. After comple-tion of the introductory phase, the
interviews focused on the issues of interest for the investigation.
Results showed that in comparison with a control
condition, interviewers who used the scripted protocols spent
significantly more time introducing them-selves, establishing
rapport, and talking about a neutral topic. Additionally,
inter-viewers in the scripted conditions gave permission more
often to the child to correct them or to reply “I don’t know.”
Finally, interviewers who used scripted protocols more often
introduced relevant topics in a nonsuggestive manner.
Although encouraging, these results are not conclusive,
and additional research is recommended. First, of the 65
interviews conducted for Sternberg and colleagues’ (1999)
study42, 25 had to be excluded because the interviewers did
not adhere to the instructions. This suggests that the scripted
protocols procedure in its current form is not easy to implement.
In addition, as the authors pointed out. The exclusion of so
many cases undermines the generalizability of the results.

Reports after exposure to misinformation
Despite attempts to ensure high-quality interviewing of
children (e.g., by the establishment of Children’s Advocacy
62

Centers, where specially trained interview-ers use
nonsuggestive questioning), children may encounter
misinformation when interviewed. This information may
subsequently be incorporated into their later reports. The effect
may be magnified when misinformation is presented
repeatedly43. Researchers have begun to investigate whether
chil-dren can recover original information after exposure to
misinformation.
A study was recently conducted to investigate whether
children can disre-gard misleading information when given an
instruction to do so and whether they are able to later recall
the original information44,20. Specifically, 4- and 6-year old
children participated in a play session. Children were later read
a storybook by their parents that described aspects of the play
session, using the child’s name. Two-thirds of the children heard
storybooks that provided incorrect information about the play
session. The remaining one-third of the children served as the
control group. Two weeks later, all children were interviewed
about the event in a non-suggestive manner. Before being
inter-viewed, children who received misinformation were either
given logic of opposi-tion instructions 45 or no special
instructions. The logic of opposition instruction specifically
informed children that misinformation had been provided in
the storybooks and directed them to exclude the storybook
details from their reports. Results indi-cated that children were
misled by the incorrect information but that the children who
received the logic of opposition instruction were able to dismiss
the misin-formation and instead retrieve the correct details
from their original memory. These results suggest that there
are conditions under which children can exclude incorrect
answers from their reports, even after having potentially
accepted mis-information. However, because in the real world
there is no way to establish the extent to which information
discussed or suggested prior to the forensic interview was
accurate or inaccurate, children cannot be simply instructed
to refrain from reporting all information previously talked
about. In consideration of this impor-tant issue, Poole and
Lindsay46 recently extended this line of work in a sig-nificant
manner.
If in fact children are able to recover original mem-ories
after misleading interviewing, barring further testimony would
be unwar-ranted in many situations. The extent to which the
special instructions may help children dismiss previously
encountered interviewers’ suggestions or children’s own
previous incorrect statements in favor of retrieval of the original
event infor-mation should be investigated in future studies. It
is particularly important to extend our knowledge of the
potentially different contributions of social demands and
memory distortions to inaccurate statements and to clarify the
extent to which original versus suggested information can be
distinguished.

Conclusion
Eyewitness evidence often plays a crucial role in the process
of uncovering the truth about a crime, ideally resulting in
prosecution and conviction (and mental health treatment) of
guilty criminals but not innocent people. For this reason, it is
vital that researchers as well as law enforcement agencies
understand the con-ditions under which eyewitness evidence
can be accurate and reliable. It is thanks to the progress made
by many researchers over the past decades that then Attorney
General Janet Reno strongly endorsed the activities of the
Technical Working Group for Eyewitness Evidence. During a
one-year-period, psychologists and other professionals worked
together to develop a guide for law enforce-ment on how to
gather eyewitness evidence. Psychological research has
therefore reached the community in an important manner,
although there is still much more work to be done.

Vijayanath. V. / Indian Journal of Forensic Medicine & Toxicology. January-June, 2010, Vol. 4, No. 1

References
1.
2.

3.

4.
5.

6.

7.

8.
9.

10.
11.

12.
13.
14.

15.
16.

17.

18.

Ceci, Loftus, Leichtman. & Bruck, 1995; Leichtman & Ceci,
1995; Poole & Lindsay, 1995
Goodman, G S., Rudy, L., Bottoms, B. L., & Aman, C. (1990).
Children’s concerns and memory: Issues of ecological
validity in the study of children’s eyewitness testimony. In
F. Robyn & J. Hudson (Eds.), Knowing and remembering
in young children, Emory symposia in cognition, Vol. 3
(pp. 249-284). New York: Cambridge University Press.
Saywitz, K. J., Goodman, G. S., Nicholas, E., & Moan, S. F.
(1991). Children’s mem-ories of a physical examination
involving genital touch: Implications for reports of child
sexual abuse. Journal of Consulting and Clinical Psychology,
59, 682-691.
Ceci, S. J., Ross, D F, & Toglia, M. P. (1987). Suggestibility
of children’s memory: Psycho-legal implications. Journal
of Experimental Psychology: General, 116, 38-49.
Zaragoza, M. S. (1987). Memory, suggestibility and
eyewitness testimony in children and adults. In S. J. Ceci,
M. P. Toglia, & D. F Ross (Eds.), Children’s eyewitness
memory (pp. 53-78). New York: Springer-Verlag.
Zaragoza, M. S. (1991). Preschool children’s susceptibility
to memory impairment. In J. Doris (Ed.), The suggestibility
of children’s recollections (pp. 27-39). Washington. DC:
American Psychological Association.
Zaragoza, M. S., Dahlgren, D., & Muench, J. (1992). The
role of memory impairment in children’s suggestibility. In
M. L. Howe, C. J. Brainerd, & V. F. Reyna (Eds.), The
development of long-term retention (pp. 184-216). New
York: Springer-Verlag.
Portwood, S. G, & Reppucci, N. D. (1996). Adults’ impact
on the suggestibility of preschoolers’ recollections. Journal
of Applied Developmental Psychology, 17, 175-198.
Roberts, K. P., & Blades, M. (1999). Children’s memory
and source monitoring of real-life and televised events.
Journal of Applied Developmental Psychology, 20, 575596
Schwartz-Kenney, B. M., & Goodman, G. S. (1999).
Children’s memory of a naturalistic event following
misinformation. Applied Developmental Science, 3, 34-46.
Poole, D. A., & Lindsay, D. S. (1995). Interviewing
preschoolers: Effects of nonsuggestive techniques,
parental coaching, and leading questions on reports of
nonexperienced events. Journal of Experimental Child
Psychology, 60, 129-154.
Poole, D. A., & Lindsay, D. S. (2001). Children’s eyewitness
reports after exposure to misinformation from parents.
Journal of Experimental Psychology: Applied, 7, 27-50.
Ackil, J. K., & Zaragoza, M. S. (1995). Developmental
differences in eyewitness sug-gestibility and memory for
source. Journal of Experimental Child Psychology, 60, 57-83.
Cassel, W S., Roebers, C. E. M., & Bjorklund, D. F (1996).
Developmental patterns afj eyewitness responses to
repeated and increasingly suggestive questions. Journal
q Experimental Child Psychology, 61, 116-133
Lindsay, D. S., Johnson, M. K., & Kwon, P. (1991).
Developmental changes in memo: source monitoring.
Journal of Experimental Child Psychology, 52, 297-318.
Quas, J. A., Goodman, G. S., Schaaf, J. M., & Luenberger,
J. (1997, April). Individual dif-ferences in preschoolers’
suggestibility: Identifying the source. Paper presented at
the meeting of the Society for Research in Child
Development, Washington, DC.
Bjorklund, D. E, Bjorklund, B. R., Brown, R. D, & Cassel, W.
S. (1998). Children’s sus-ceptibility to repeated questions:
How misinformation changes children’s answers and their
minds. Applied Developmental Science, 2, 99-111.
Ceci, S. I, Huffman, M. L., Smith, E., & Loftus, E. F. (1994).

19.

20.

21.

22.

23.
24.

25.
26.

27.

28.
29.
30.

31.

32.

33.
34.
35.
36.

Repeatedly thinking aix jt a non-event: Source
misattributions among preschoolers. Consciousness and
Cozn-tion, 3, 388-407.
Ceci, S. J, Loftus, E. F, Leichtman, M. D, & Bruck, M. (1994).
The possible role a source misattributions in the creation
of false beliefs among preschoolers. Interim* tional Journal
of Clinical and Experimental Hypnosis, 42, 304-320.
Quas, J. A., & Schaaf, J. M. (2002). Children’s memories
of experienced and nonexperi-enced events following
repeated interviews. Journal of Experimental Child
Psychology, 83, 304-338.
Lindsay, D. S., Gonzales, V., & Eso, K. (1995). Aware and
unaware uses of memories o postevent suggestions. In
M. S. Zaragoza, I R. Graham, G. C. N. Hall, R Hirschman, &
Y. S. Ben-Porath (Eds.), Memory and testimony in the child
witnes (pp. 86-108). Thousand Oaks, CA: Sage.
Schaaf, J. M., & Ghetti, S. (2001, April). Investigating the
effects of post event misinfor-mation using the logic of
opposition instruction. In S. Ghetti & J. Schaaf (Chairs).
Developmental differences in false memory formation:
Errors as by-products ofafunc-tional system! Symposium
presented at the Biennial Conference of Society for
Research in Child Development, Minneapolis, MN.
Flin, R., Boon, I, Knox, A., & Bull, R. (1992). The effect of a
five-month delay on children’s and adults’ eyewitness
memory. British Journal of Psychology, 83. 323-336.
Follmer, A., & Furtado, E. A. (1997, April). Children’s longterm retention: Using hier-archical linear models to
estimate recall functions over time. Paper presented at
Biennial Meeting of the Society for Research in Child
Development, Washington DC.
Salmon, K., & Pipe, M. E. (1997). Recalling an event one
year later: The impact of props. drawing and a prior
interview. Applied Cognitive Psychology, 14, 99-120.
Ceci, S. I, Huffman, M. L., Smith, E., & Loftus, E. F. (1994).
Repeatedly thinking aix jt a non-event: Source
misattributions among preschoolers. Consciousness and
Cozn-tion, 3, 388-407.
Garven, S., Wood, J. M., Malpass, R. S., & Shaw, J. S. (1998).
More than suggestion effect of interviewing techniques
from the McMartin Preschool case. Journs. applied
Psychology, 83, 347-359.
Tobey, A. E., & Goodman, G. S. (1992). Children’s
eyewitness memory: Effects of par-ticipation and forensic
context. Child Abuse & Neglect, 16, 779-796.
Leichtman, M. D., & Ceci, S. J. (1995). The effects of
stereotypes and suggestions on preschoolers’ reports.
Developmental Psychology, 31, 568-578.
Brainerd, C. X, & Ornstein, P. A. (1991). Children’s memory
for witnessed events: The developmental backdrop. In X
Doris (Ed.), The suggestibility of children’s recollec-tions
(pp. 10-20). Washington, DC: American Psychological
Association.
Cassel, W S., Roebers, C. E. M., & Bjorklund, D. F (1996).
Developmental patterns afj eyewitness responses to
repeated and increasingly suggestive questions. Journal
q Experimental Child Psychology, 61, 116-133.
Dent, H. R., & Stephenson, G. M. (1979). An experimental
study of the effectiveness of different techniques of
questioning child witnesses. British Journal of Social and
Clinical Psychology, 18, 41-51.
Goodman, G. S., & Reed, R. (1986). Age differences in
eyewitness testimony. Law and Human Behavior, 10, 317-332.
Oates, K., & Shrimpton, S. (1991). Children’s memories
for stressful and non-stressfmlj events. Medical Science
and Law, 31, 4—10.
Nelson, K. (1986). Event knowledge: Structure and
function in development. Hillsdale. XJfc Lawrence Erlbaum.
Goodman, G. S., Bottoms, B. L„ Schwartz-Kenney, B. M.,

Vijayanath. V. / Indian Journal of Forensic Medicine & Toxicology. January-June, 2010, Vol. 4, No. 1

63

37.
38.

39.
40.
41.

64

& Rudy, L. (1991). Child testimony about a stressful event:
Improving children’s reports. Journal of Sm & Life History,
1, 69-99.
Carter, C. A., Bottoms, B. L., & Levine, M. (1996). Linguistic
and socioemoticr.^ influences on the accuracy of
children’s reports. Law & Human Behavior, 20. 335-358.
Alexander, K., Redlich, A. D., Christian, P., & Goodman, G.
S. (2003). Interviewing chil-dren. In M. Peterson & M.
Durfee (Eds.), Child abuse and neglect: Guidelines for the
identification, assessment, and case management (pp. 1719). Volcano, CA: Volcano Press, Inc.
Poole, D. A., & Lamb, M. E. (1998). Investigative interviews
of children: A guide for helping professionals. Washington,
DC: American Psychological Association.
Aldridge, X, & Cameron, S. (1999). Interviewing child
witnesses: Questioning techniques and the role of training.
Applied Developmental Science, 3, 136-147.
Warren, A. R., Woodall, C. E., Hunt, J. S., & Perry, N. W.
(1996). “It sounds good in theory but”: Do investigative
interviewers follow guidelines based on memory research?
Child Maltreatment, 1, 231-245.

42. Sternberg, K. J., Lamb, M. E., Esplin, P. W., & Baradaran, L.
P. (1999). Using a scripted protocol in investigative
interviews: A pilot study. Applied Developmental Science,
3, 70-76.
43. Zaragoza, M. S., & Mitchell, K. J. (1996). Repeated exposure
to suggestion and the cre-ation of false memories.
Psychological Science, 7, 294-300.
44. Poole, D. A., & Lindsay, D. S. (2002). Reducing child
witnesses’ false reports of misin-formation from parents.
Journal of Experimental Child Psychology, 81, 117-140.
45. Schaaf, J. M. (2000). Do children believe misleading
information? Investigating the effects of postevent
misinformation using the logic of opposition instruction.
Dissertation Abstracts International: Section B: The
Sciences & Engineering, 60, 5240 (UMI Number
AA19987507).
46. Jacoby, L. L., Woloshyn, V., & Kelley, C. M. (1989). Becoming
famous without being rec-ognized: Unconscious
influences of memory produced by dividing attention.
Journal of Experimental Psychology: General, 118, 115-125.

Vijayanath. V. / Indian Journal of Forensic Medicine & Toxicology. January-June, 2010, Vol. 4, No. 1

Fatal outcome of undetected congenital diaphragmatic defect:
Two autopsy cases
Yalçýn Büyük*, Ýbrahim Üzün, Taþkýn Özdeþ, Iþýl Pakiþ, Ceyhun Küçük, Ömer L. Özkan
M.D, The Ministry of Justice, Council of Forensic Medicine, Istanbul/Turkey

Abstract
Congenital diaphragmatic hernia is one of the most
frequently occurring anomalies of the thorax and seen once in
every 2 000 to 5 000 births. Herniation of the abdominal organs
into thoracic cavity through the defect in the diaphragm takes
place early in gestation resulting in varying degrees of
pulmonary hypoplasia. The defect is usually in the posterolateral
aspect of the diaphragm. The size and the location of the defect
affect the degree of pulmonary hypoplasia and clinical
presentation. In 65 to 80 % of the cases the defect is in the
right hemidiaphragm.
The mortality rate of congenital diaphragmatic hernia is
high despite advances in neonatal intensive care and the overall
mortality rate from multiple studies is approximately 50 %.
We report a 4-year-old girl and a newborn boy died of
complications resulting from congenital unilateral
diaphragmatic defect. On forensic autopsy, parts of the
abdominal organs were found to be in the left chest cavity
and there was a defect on the left leaflet of the diaphragm in
both cases. The deaths of the child and newborn were
attributed to the complications of the congenital diaphragmatic
defect.
These cases emphasize the importance of complete
evaluation of fetuses before and after birth and follow-up of
all “healthy” children.

The incidence of congenital diaphragmatic hernia has been
reported as 1 in 3000-5000 live births5,6. Herniation of the
abdominal organs into thoracic cavity through the defect in
the diaphragm takes place early in gestation resulting in varying
degrees of pulmonary hypoplasia. The defect is usually in the
posterolateral aspect of the diaphragm6. The size and the
location of the defect affect the degree of pulmonary
hypoplasia and clinical presentation. In 65 to 80 % of the cases
the defect is in the right hemidiaphragm7.
We report autopsy findings of a 4 years old girl and a
newborn boy died due to complications attributed to
congenital pericardial defect.

Case I

Diaphragmatic abnormalities are both congenital and
acquired. Accessory diaphragm, agenesis of one or both
leaflets, defective formation with herniation and aplasia of
muscle with eventration constitute the developmental
anomalies. Traumatic rupture, denervation, and muscular
atrophy are the acquired diseases of the diaphragm1,2.
Developing of the diaphragm takes place during the first
6-8 weeks of gestation from the septum transversum,
pleuroperitoneal membranes, and dorsal mesentery. Complete
absence of the diaphragm has been reported in a family and
agenesis of a hemidiaphragm is occasionally seen3,4.

The case, a 4-year-old girl was dead on admission to
hospital. There was no history of trauma. As the cause of his
sudden death was unknown she was sent to our Institute for
forensic autopsy. There was no family history for congenital
diseases. There was a history of chronic respiratory problems.
No traumatic finding was detected either on external or
internal examination. There were no traumatic findings
underneath the skin of the abdominal and chest region. Upon
opening of the chest cavity, the stomach, spleen and intestines
were found to be in the left chest cavity (Fig. 1). There was a
defect of 9 cm in diameter on the left leaflet of the diaphragm
(Fig. 2). The edges of this defect were round. Upon exploration
of the organs in the left chest cavity, we found a defect of 3
cm in diameter on the stomach and the there was necrosis
around the defect. There was 150 cc collection composed
mainly of gastric and intestinal content in this cavity. The
intestinal segments in this cavity showed findings of
inflammation. The left lung was detected to be hypoplasic and
sections of the lungs showed the findings of pneumonia. There
was no congenital pathology in the heart. All the abdominal
organs showed reddish coloration and there was about 100
cc fluid which was in the same character with that was detected
in the left chest cavity.
The skeletal system was intact and there were no trauma
findings.
No toxic substances were found in toxicological analysis
of the blood, urine and internal organs. On microscopic analysis
of cardiac sections there was no pathology. In microscopic
analysis of the lung specimens showed inflammatory infiltration
composed mainly of polymorphonuclear leukocytes. The final
diagnosis was lobular pneumonia. There was only hyperemia
in brain, liver, and kidney sections. In the sections of stomach,

Fig. 1: Abdominal organs and gastric contents in the left chest
cavity (Case I)

Fig. 2: Left-sided diaphragmatic defect (Case I)

Keywords
Congenital defects, diaphragm, hernia, child, newborn,
pulmonary hypoplasia, forensic autopsy.
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Fig. 3: Presence of abdominal organs in left chest cavity (Case II)

there was coagulation necrosis. Sections of the intestine and
peritoneal tissue revealed peritonitis.

Case II
The case, a newborn boy was in respiratory insufficiency
following delivery and followed in intensive care unit but was
dead after a few hours. There was no history of trauma to
mother during the pregnancy and no history of congenital
diseases in the family. Mother had no regular follow up during
pregnancy and so there was no information about the course
of the pregnancy. Because the family of the baby accused the
doctors for malpractice, the baby was referred to Council of
Forensic Medicine for a medico-legal autopsy.
No traumatic change was detected either on external or
internal examination. There were no traumatic findings
underneath the skin of the abdominal and chest region. Upon
opening of the chest cavity, spleen and intestines were found
to be in the left chest cavity (Fig. 3). There was a defect of
2X1.5 cm on the left leaflet of the diaphragm (Fig. 4). The
edges of this defect were round showing scarring. The left
lung was detected to be hypoplasic and sections of the lungs
showed widespread atelectasia regions, hyperemia, findings
of amniotic fluid aspiration and subpleural bleeding. There was
no congenital pathology in the heart and in other organs. There
was a membrane-like cystic formation starting from left leaflet
of diaphragm and lying down to abdomen (Fig. 5).
The skeletal system was intact and there were no trauma
findings.
No toxic substances were found in toxicological analysis
of the blood, urine and internal organs. On microscopic analysis
of cardiac sections there was no pathology. In microscopic
analysis of the lung specimens showed widespread atelectasia
regions, hyperemia, findings of amniotic fluid aspiration and
subpleural bleeding. There was only hyperemia in brain, liver
and kidney sections. In the sections of cystic formation, there
Fig. 4: Left diaphragmatic defect (Case II)
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Fig. 5: Presence of a membrane-like cystic formation starting
from left leaflet of diaphragm and lying down to abdomen.

was bleeding in the walls and the cyst was detected to be a
simple cyst.
As conclusion of the autopsies, the deaths of the child
and newborn were attributed to the complications of the
congenital diaphragmatic defect.

Discussion
The diaphragm develops from the septum transversum,
pleuroperitoneal membranes and dorsal mesentery during the
first 6-8 weeks of gestation. Under normal circumstances, the
diaphragm separates the thoracic and abdominal contents
completely.
The defect is reported to be posterolateral in majority of
the cases and the left-sided defects constitute the 65-80 % of
the cases. Localization and size of the defect determines the
degree of pulmonary hypoplasia and the clinical presentation1,7.
Right-sided defects are frequently occluded by the liver
partially or completely and the effects on the lungs become
mild in these cases. In large left-sided defects, the degree of
the pulmonary hypoplasia will be severe due to herniation of
the abdominal organs. In our cases, both defects were leftsided and abdominal organs were in the thoracic cavity.
Complications resulting from the perforation of the herniated
stomach in the cavity were responsible for the death of the
child (Case I). Respiratory complications resulting from
herniation of abdominal organs into chest cavity was
responsible for respiratory distress at the time of delivery of
the baby (Case II).
Survival rates for infants with congenital diaphragmatic
hernia have increased dramatically over the past 25 years with
increased availability of surgical repair of the hernia (both in
utero and after birth) and development of Extracorporeal
Membrane Oxygenation (ECMO) to support infants with mild
to moderate pulmonary hypoplasia1,7. Current survival rates
range from 42 % to 66 % of live born infants with Congenital
Diaphragmatic Hernia1,3,7.
Despite the increase survival rates in infants with this
defect, it was with fatal outcome in our cases. One of the
cases was in respiratory distress at the time of birth and died
after a while of the delivery and the other case survived 4 years
with the defect. These cases make it clear that, congenital
diaphragmatic defects which have improved survival rates
currently, must be taken into consideration in follow up of
children with chronic respiratory problems and also be taken
into consideration in throughout evaluation of the baby before
the labor.
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Spectrophotometry semiquantitation method hippuric acid in
urine for demostration of toluene abuse
Abdul Rahim Yacob, Mohamad Raizul Zinalibdin
Chemistry Department, Faculty of Science, Universiti Teknologi of Malaysia 81310 Skudai, Johor, Malaysia

Abstract
Toluene abuser as known as glue sniffer has been growth
like drug abuser nowadays in Malaysia. Toluene can entered
human body and metabolite in kidney to form benzoic acid
which is then conjugated with glycine to form hippuric acid.
The purpose of this research is to develop a fast and accurate
screening method of toluene presence in urine sample of glue
sniffer. However, urine is a complex mixture of thousand
chemicals thus it is difficult to carry out qualitative analysis
unless proper sample treatment and instrument with high
sensitivity is applied. Urine samples were mixed with pyridine
and benzenesulphonyl chloride with addition of distill water.
The change color from yellow to red indicates the presence of
hippuric acid in the urine samples. This technique was found
successfully create a simple, fast and accurate screening
method available. Quantitative analysis of toluene in urine
samples was done using UV-Visible spectrometer at wavelength
417 nm and presented in this paper. The successfully of this
research will be useful to help National Anti Drug Agency and
Royal Police of Malaysia to overcome this problem.

Keywords
Glue, Hippuric Acid, Benzoic Acid, Color Test, Ultra Violet
-Visible.

1.0 Introduction
Toluene is also known as methyl benzene or phenyl
methane. It is a clear and water insoluble liquid with typical
smell and redolent of sweet smell of existed compound of
benzene1. This chemical is widely used organic solvent in the
printing, painting, automotive, shoemaking, adhesive material
and the pharmaceutical industries2. Normally, toluene is found
in many products including paint and contact adhesives as a
solvent. Besides that, some grades of toluene contain traces
of xylene and benzene1. Toluene has a lower boiling point,
flammable chemical and easy evaporated. It also the common
substance in glue and thinner sniffed by drug abusers.
In Malaysia, the abuse of organic volatile solvents has been
observed since the early 1980s. The problem of solvent abuse
is predominant in East Malaysia (i.e., Sabah and Sarawak) and
in Johore the southern part of West Malaysia bordering
Singapore as reported by Navaratnam et, al. (1988)3.
There is no specific data on inhalant drug abuser recorded
at National statistics. However in some state, there are some
data available from police records and education departments.
In Sarawak for example, inhalant abusers are reported to the
police, who in turn report the matter to the State department
Table 1: Inhalant abusers registered by the police, Sarawak
(January 1983-June 1990).
January
June
Year 1983 1984 1985 1986 1987 1988 19891990 TOTAL
N 101 165 125 204 196 102 74 21 998
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of education if school students are involved. School children
(ages 7 to 19) abusing inhalants in the school compound are
reported only to the school authorities. Inhalant abuse cases
registered with the police between January 1983 and June 1990
in Sarawak totaled 988 cases (table 1). The number of cases
reported in 1983 was 101, rising to a peak of 204 in 1986 and
declining to 74 in 19894.
In Sarawak, this problem occurs in both urban and rural
areas. A study of the profile of the cases reported in Sarawak
revealed that all racial groups are involved. Thirty three percent
of reported abusers were students, and 40 percent were
unemployed. From the figure, sixty two percent were younger
than 18 years old, while 25 percent were between 18 and 21
years of age. Both majority of abuser were males4.
The trend of inhalant abuse in Malaysia has remained
stable during the last 5 years, in contrast to other countries in
the region, especially Thailand and Singapore. The types of
substances abused include paint thinner, nail polish remover,
gasoline, and glue. The most commonly abused inhalant is
glue. Preventive education on the various aspects of inhalant
abuse and its harmful effects has been carried out as part of
preventive education on drug abuse in Malaysia. In the affected
states, pamphlets on inhalant use have been produced by the
departments of education for use in schools. Resource guides
on inhalant abuse have been produced by the Government
for health and welfare professionals and teachers.
Detected inhalant abusers of school age are provided
counseling by teachers and subjected to disciplinary action.
Police report nonschool children to parents for supervision.
Presently, no legislation in Malaysia relates specifically to the
abuse of inhalants. Nonetheless, existing legislation (i.e., the
Juvenile Courts Act of 1947) could be used to a limited extent
to help children or adolescents younger than 16 years old who
are inhalant abusers. They can be placed in an approved home
by the juvenile court. The police also can charge inhalant
abusers under the Minor Offense Ordinance of 1955 if they
also disturb the peace in the process of abusing.
Recently in next decade this activities rise back by
newspaper because of three teenagers aged 18 to 20 were
found dead near a school in Cheras, Kuala Lumpur and Police
found three can of glue nearby5. With the info from these
newspapers and previous data it is feared that this problem
lead to “time bomb” disasters for future generation in Malaysia.
Toluene can be absorbed into the blood flow from the
lung and the gastrointestinal tract and through the skin and
mucosa. Brain and liver serve as reservoir for toluene6. Following
inhalation or oral exposure to toluene, approximately 60 – 75%
of absorbed toluene is metabolite to benzoic acid7,8. Refer to
fig. 1, the initial step involves side chain oxidation to benzyl
Table 1: Concentration using color test method of hippuric
acid at 417 nm wavelength.
Concentration of Hippuric Acid
0.125
0.250
0.500
1.000
1.500
2.000

Absorbance
0.010
0.046
0.161
0.404
0.762
1.040
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Table 2: Result of amount of hippuric acid using novel color
reaction screening urine sample at secondary school.
Sample number
Amount of hippuric acid(mg/ml)
11
3.35
13
1.40
15
2.54
16
3.00

Fig. 3: Calibration curve of hippuric acid using colour test
method

Fig. 1: First step of toluene metabolite

2.0 Experimental
alcohol by cytochrome P450 enzymes. Benzyl alcohol is then
further oxidized to benzoic acid by alcohol dehydrogenase and
aldehyde dehydrogenase. Benzoic acid is subsequently reacted
with glycine produce hippuric acid7 the reaction in a fig. 2.
Benzoic acid may also be reacted with glucuronic acid to form
benzoyl glucuronide in the urine. Less than 1% of absorbed
toluene undergoes ring hydroxylation to form o-, and p-creosol,
which are excreted in the urine as glucuronide or sulphate
conjugates9,10,11.
Novel color reaction for hippuric acid has been developing
since 1950 and keep continue in early 1980. The first color
reaction developing by Gaffney et al (1954) use based upon
azlactone formation resulting from the reaction of an aldehyde
with hippuric acid. In this instance, hippuric acid was converted
to a deep orange colored azlactone, 2-phenyl-4-(pdimethylamino) benzal-5-oxazolone by treatment of hippuric
acid with acetic anhydride and p-dimethylaminobenzaldehyde12. Later, in 1960 Charles J.U found out new method
using pyridine and benzenesulfonyl chloride to develop deep
red color in present of hippuric acid13.
The novel color reaction will be apply in this research to
determine quantitatively metabolite of toluene which is
hippuric acid using Ultra Violet Visible (UV-Vis). The method of
color test are using pyridine and benzenesulphonyl chloride.The
started mixture was in yellow color and became reddish by
addition of distilled water has been reported by Manabu
Yoshida et al (2005). Actually, the first inventor of this novel
color test reaction develop by Charles J.U. However, this color
test has been modifying by Manabu Yoshida with adding
distillated water to see the color change using naked eye. This
novel color reaction will be use as a screening test for glue
abuser among the secondary school in Malaysia and might be
help the National Anti Drug Agency and Royal Police of Malaysia
to prevent the glue abuser among student and teenagers.

2.1 Reagents
Hippuric Acid 98%, Benzenesulphonyl chloride (BSC) 98%,
Toluene 99.3%, and pyridine 98% purchased from Sigma
Aldrich and Benzoic acid 99.7% purchaserd from Merck.
2.2 Instrument
Ultra Violet Visible (UV-Vis) Perkin Elmer.
2.3 Determination of hippuric acid and benzoic acid using
UV-Vis.
2.3.1 Sample Selection
Sample urine collected from secondary school around
Johor Bahru, Malaysia collaboration with National Anti Drug
Agency to screening the drug abuser and glue sniffer.
2.3.2 Sample Preparation
2.3.2.1 Urine sample
Urine sample of 0.1 ml will be added to 0.25 pyridine and
0.1 ml BSC with 1.0 ml distillated water
2.3.2.2 Preparation of standard hippuric acid
Dissolve 12.5 mg, 25.0 mg, 50.0 mg, 100 mg, 150 mg
and 200 mg of hippuric acid into 100 ml volumetric flask. After
that, mark the volumetric flask with label standard HA 0.125,
HA 0.25, HA 0.5, HA 1.0, HA 1.5 and HA 2.0. Mark up with
distillated water. Sonicate all standards in sonicator waterbath.
2.3.2.3 Preparation of standard hippuric for colour test.
Repeat step 2.3.2.1 with added 0.1 ml HA 0.125, HA 0.25,
HA 0.5, HA 1.0, HA 1.5 and HA 2.0.

3.0 Results and discussion
3.1 Result for metabolite of toluene.
Fig. 2: Second step of toluene metabolite

3.1.1 Colour test for Hippuric Acid
Tables 1 show the concentration using color test method
Fig. 4: Colour test for screening urine sample
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Fig. 5: Colour test for screening urine sample at secondary
school.

Conclusion
Novel color reaction method along with quantitative
technique using UV- Spectrometer is very useful, fast and
accurate screening toluene presence in drug abuser and glue
sniffer. It may give a lot of advantage to National Anti Drug
Agency, Department of Education and Royal Police of Malaysia
to fight the endemic problem become social problem.

of hippuric acid at wavelength 417 nm. Based on the table,
this novel color test was successfully determined the present
of hippuric acid at different concentration, subsequently this
results proved this method might be applied to detecting of
hippuric acid.
3.1.2 Screening urine sample using colour test method
The colour test for screening urine sample is shows in fig.
4. It shows that the blanks sample has light yellow colour.
Fortunately, the urine sample A and B illustrated light red colour
similar to colour at hippuric acid standard. Thus this proved
that hippuric acid was presented in this urine samples. As
comparison, a standard of hippuric acid of 2.0 mg/ml also
shows the same colour development.
3.1.5 Results of urine sample screening at Secondary School
22 students has involves in screening urine test at Sekolah
Menengah Seri Rahmat, Johor Bahru. A number of, 4 students
give positive results of hippuric acid in urine sample which the
others are negative. At the same time, National Anti Drug
Agency has screening 5 drugs using dip strip kit to the same
samples and luckily none of the students are positive. The
positive hippuric acid samples will be further analysing
quantitatively using Ultra Violet Visible (UV-Vis) available in
the lab. The colour test reaction is shown at the figure 5.
3.6 Quantitative results of hippuric acid using colour test
by Ultra Violet Visible
Fig. 3 demonstrated the calibration curve of hippuric acid
using color test method. The coefficient of value (R2) is 0.993
and this equation might be useful in prediction because the
data y and x correlated with each other. Other than that, the
equation is significant and correlated with the data.
From the calibration curve of hippuric acid using color
test method the equation of y = 0.560x – 0.098 the amount
hippuric acid will be calculate with the R2 = 0.993. Based on
the figure amount of hippuric acid in urine can be calculated
and swhows of the table 2.
Manabu Yoshida1 stated that the amount of hippuric acid
level more than 2.0 mg/ml indicates the sniffering of toluene
with high probability level and 1.0 to 2.0 mg/ml suggests the
possibility of toluene abuse. He also indicates, the normal
human body will produce at least 0.10 mg/ml hippuric acid
per day. The result in the table 2 shows three of the
students11,15,16 have high probability of toluene abuse while
has possibility of toluene abuse. The qualitative and quantitative
analysis of hippuric acid, it can be conclude that these 3
students may be a positive glue sniffer. But further investigate
must be carried to support the result.
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Aortic arch variations: Embryological basis and surgical
correlation
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Abstract
Branching patterns of the aortic arch were studied in 60
formalin fixed cadavers of both sexes of Indian origin, aged
40-70. The dissections were carried out and the aortic arch
variations were observed after exposing the thoracic and
cervical region during routine dissection for undergraduate
M.B.B.S. students in Subharti Medical College, Meerut. The
usual three branched aortic arch was found in 57 cadavers.
Variations were found in 3 cadavers. Variations include common
trunk of origin for brachiocephalic trunk and left common
carotid artery, left vertebral artery arising directly from arch of
aorta and brachiocephalic trunk arising from left side of aortic
arch. In the present study the variations are discussed along
with embryological basis and surgical correlation. Sometime
these variations are merely observed as autopsy findings.

Keywords
Aortic arch, Left common carotid artery, vertebral artery,
Brachiocephalic trunk.

Introduction
Primary arterial system undergoes many complicated
changes during development. Between the first 6 to 8 weeks
of fetal life, primary arterial arches arise from the arterial sac
to evolve into the final pattern of great arterial vessels. The
left 4th arch builds the aortic arch, which grows intensively
and joins the dorsal aorta1. Arterial variations of the aortic
arch appears as increase or decrease in the number of its certain
branches2-4, and location and relationship of arteries5.

Fig. 1: Normal branching pattern of aortic arch. AA – Arch of
aorta, BCT – Brachiocephelic trunk, RCC – Right common carotid
artery, RSA – Right subclavian artery, LCC – Left common carotid
artery, LSA – Left subclavian artery.

The great arteries of the thoracic region are well known
for their variations, the aortic arch is one of them with well
known variations. In specimen of normal verity, the branches
leave the arch in the following succession from left to right:
left subclavian, left common carotid and brachiocephalic trunk.
The brachiocephalic trunk divided into right common carotid
and right subclavian artery (fig. 1).
The anomalous origin and distribution of the large aortic
arch vessels can cause changes in cerebral hemodynamics that
may lead to cerebral abnormalities6. Detailed knowledge of an
anomalous origin of supra aortic arteries is also important for
patients who have to undergo four-vessels angiography in an
emergency in order to rule out, for example, the possibility of
intracranial aneurysm after subarachnoid hemorrhage. If the
detection of vertebral artery in the normal position is not
possible, the presence of such a variant must be taken into
consideration7.
The present study describes variant branching pattern of
aortic arch and discuss the findings according to their
embryological and surgical implication.

Aims and objective
Sometime the aortic arch variations gone unnoticed and
discovered on autopsy8,9. The objective of this study is to
determine aortic arch variations in Indian subjects, there
embryological basis along with surgical importance.

Material and methods
During routine dissection conducted for medical
undergraduates, conducted on 60 cadavers of both sexes, aged
40-70 at Subharti Medical College, Meerut. The mediastinum
was opened and observations were made for abnormalities of
the branching pattern of the aortic arch.

Fig. 2: Left common carotid artery arising from brachiocephalic
trunk. AA – Arch of aorta, BCT – Brachiocephalic trunk, LCC –
Left common carotid artery, LSA – Left subclavian artery.
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Fig. 3: Left vertebral artery arising from arch of aorta. AA –
Arch of aorta, BCT – Brachiocephalic trunk, LVA – Left vertebral
artery, LCC – Left common carotid artery, LSA – Left subclavian
artery.

Fig. 4: Brachiocephalic trunk arising from left side of aortic
arch and ascending up obliquely crossing trachea. AA – Arch
of aorta, BCT – Brachiocephalic trunk, TR – Trachea, TG – Thyroid
gland, LCC – Left common carotid artery.

Observation

segmental artery might have persisted as first part of vertebral
artery hence vertebral artery was arising from arch of aorta.

Branching patterns of the aortic arch were studied in 60
formalin preserved cadavers of both sexes of Indian origin, 57
cadavers showed usual branching pattern, but in three cases
variations were seen.
Case I
In this case (fig. 2), left common carotid artery was found
taking origin from brachiocephalic trunk origin was very close
to stem, almost look like a trident pattern arrangement.
Case II
In this case (fig. 3), left vertebral artery was a branch of
aortic arch, between the origin of left common carotid and
left subclavian artery.
Case III
In this case (fig. 4), brachiocephalic trunk was found taking
origin from left side of arch of aorta and then ascending up
obliquely and crossing in front of trachea from left to right,
just below thyroid gland.

Discussion
The true value of detecting anomalous origin is in the
diagnostic gain before vascular surgeries of supra aortic arteries,
as variations of the branches of the aortic arch are likely to
occur as a result of the altered development of certain brachial
arch arteries during the embryological period of gestation10.
Embryological basis of the variations in our study
Case I
The left limb of aortic sac normally forms the part of the
arch that intervenes between the origin of the brachiocephalic
trunk and the left common carotid artery. If the aortic sac fails
to bifurcate into right and left limb, then left common carotid
artery will connect to the aortic sac directly as seen in this
case.
Case II
Usually the first part of vertebral artery develops from
proximal part of dorsal branch of seventh cervical inter
segmental artery proximal to post costal anastmosis. The
second part is derived form longitudinal communications of
the post costal anastmosis. In this case left sixth dorsal inter
72

Case III
The cranial end of aortic sac becomes drawn out into right
and left limbs as the neck lengthens. The right limb becomes
the brachiocephalic trunk and left limb forms that part of
definitive arch of aorta, which lies between the, brachiocephalic
trunk and the left common carotid artery. By 3 years of age,
growth of aortic arch causes the brachiocephalic trunk to move
cephaled, to the right and anteriorly away from trachea. In
this case the right limb of the aortic sac deviate a little to the
left of midline and to compensate for this abnormal origin the
brachiocephalic trunk takes an abnormal course.
Surgical correlation
There are reports of left common carotid artery arising
from brachiocephalic trunk11-12, there are also reports of
vertebral artery arising from arch of aorta13-14 but reports
regarding brachiocephalic trunk arising from left side of aortic
arch are few15.
The approximation of the left common carotid artery to
the brachiocephalic trunk is an important observation while
invading the aortic arch and its branches with instruments,
since all cases are susceptible to surgical attack [10]. Non
recognition of a critical aortic arch variation at surgery may
cause fatal consequence 16. Sometime such aortic arch
abnormalities are clinically useful, as catheterization of the left
common carotid artery arising from an innominate artery can
be achieved without catheter exchange17.
Anatomical and morphological variations of the vertebral
artery are of great importance in surgery, angiography and all
non invasive procedure18. According to bernardi and Delton,
the abnormal origin of vertebral artery may favour cerebral
disorders due to alterations in cerebral hemodynamics6.
Anomalies of brachicephalic trunk such as in our case III
is of vital significance during tracheostomy and even more
important in percutaneous dilatational tracheostomy (PDT),
which has gained wide acceptance due to its relative speed,
simplicity and ability to perform it at the bedside but the major
disadvantage is the increased risk of peri-operative complication
such as bleeding. Such a case of aberrant brachiocephalic trunk
overlying trachea has been reported 19 , precluding a
percutaneous dilatational tracheostomy. Here the procedure
was abandoned as tracheostomy was felt to be too risky.
Knowledge of such variations of great vessels is of vital interest
to the surgeons because even a minor accidental injury of the
vessels causes sudden massive hemorrhage20.
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Conclusion
Although anomalous origin of the aortic arch branches
are merely anatomic variants accurate information about them
is vital for vascular –surgery in the thorax, head and neck region.
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lower primates suture remains patent7. Remnants of suture
may be observed along the course of metopic suture. Wormian
bones, sometimes called as ossa interfrontalia may be seen in
the course of metopic suture and may alter sutural line.
The metopic suture shows typical dentate form. The course
of posterior part of metopic suture called as pars bregmatica
was simple and direct whereas the metopic suture in its rest of
the course up to nasion was having finely serrated edges8.

Abstract
Metopic suture usually obliterates by eight years,
sometimes may persist as complete metopic suture or in traces.
Metopism is a clinically rare condition but may be misdiagnosed
as a fracture skull. Total 253 adult skulls were studied from the
region of central India for the metopism. Ten skulls (3.95%)
were found to be having complete metopic suture, extending
from bregma to nasion without interruption. Incomplete
metopic sutures were identified in 134 skulls (52.96%). Remains
of sutures were seen in anterior and middle part, but not in
the posterior part of suture. Five different patterns of remains
of metopic sutures have been identified in this series. Sutural
bones were also observed along the line of metopic suture in
three skulls. The knowledge of morphological pattern of the
metopic suture is important for the radiological and surgical
point of view as well as for the forensic experts.

Material & method
Total 253 adult dry skulls were selected from Medico-Legal
Institute, Bhopal; People’s College of Medical Sciences and
Research Centre, Bhopal; and S. S. Medical College, Rewa to
study the incidence and pattern of metopic suture in skulls of
Central India.
Skulls were divided in three groups.
Group I- Skulls showing persistence of complete metopic
suture
Group II- Skulls showing incomplete persistence of metopic
suture.
Group III- Skulls showing complete obliteration of frontal
suture.
Cephalic Index of only group I skulls was calculated by
using the formula, Cephalic Index = Breadth of skull X 100 /
Length of skull.
Group I skulls were then classified according to Cephalic
Index as, Dolichocephalic with Cephalic Index below 75,
Mesocephalic with Cephalic Index ranging from 75 – 80,
Brachycephalic with Cephalic Index above 80.

Key words
Suture, Metopic suture, Complete suture, Incomplete
suture.

Introduction
Two halves of frontal bone are separated by a frontal
suture at birth. Two centres appear in eighth week in the region
of future frontal eminences1. Union of two halves begins at
the level of frontal eminences and extends upwards and
downwards.
As compared to the other sutures of cranium which fuse
much later in life, only metopic suture fuses much earlier during
childhood. Initiation of fusion of frontal suture was evident as
early as 3 months of age2. Different authors have reported
different dates of closure of metopic suture. According to Keith
Sir A3, frontal suture obliterates by the end of first year or
beginning of the second year. Frontal suture obliterates by the
end of second year as notified by Boileau Grant JC4; Romanes
GJ5 noted fusion in fifth or sixth year; Breathnach AS1, described
in seventh or eighth years. Usual time of fusion is 2 years but it
may occur anywhere from birth to 8 year of age6.
The Metopic suture is nearly always found between the
superciliary ridges. Suture may fail to disappear and persists
completely separating the two halves of the frontal bone, till
late life or throughout life. Such persisting suture is called as
metopic suture (Sutura frontalis persistens), extending from
bregma to nasion5,7. In many primitive mammals, including

Observations
Out of 253 skulls studied complete metopic suture (Group
I) was observed in 10 (3.95%) skulls (Fig. 1) and incomplete or
remains of metopic suture (Group II) were observed in 134
(52.96%) skulls. There was complete absence of frontal suture
or its remnant (Group III) in about 109 (43.08%) skulls.
Cephalic Index of 10 skulls belonging to group I was
calculated, out of which, 8 were dolichocephalic and one skull
was mesocephalic (Table no. I). One skull with complete metopic
suture was broken, so cephalic index could not be calculated.
In 8 out of 10 skulls posterior end of the metopic suture
and anterior end of sagittal suture was found to be deviated
from each other at bregma by 2mm to 11mm as shown in
table I (Fig. 2). In two skulls sagittal and metopic sutures were
in line. Deviation was also observed in 4 skulls between the

Table I: Showing Cephalic Index and deviation pattern of metopic sutures in skulls. (M 1 to M10 – Skulls with Complete Metopic
Suture)
Metopic Skulls
Deviation at
Bregma in mm
Deviation at
Nasion in mm
Cephalic Index
74

M1
2

M2
11

M3
3

M4
In Line

M5
4

M6
4

M7
4

M8
5

M9
3

M10
In Line

4

2

2

———

Zigzag

In Line

Zigzag

In line

In line

5

75.73

74.15

74.26

———

72.25

71.67

70.39

74.43

73.41

73.80
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Fig. 1: Illustration shows complete metopic suture extending
from nasion to bregma (indicated by arrows).

anterior end of metopic suture and inter-nasal suture at nasion
by 2mm to 5mm as shown in table I (Fig. 3). Anterior end of
the metopic suture is in line with the inter-nasal suture in three
skulls. In two skulls meeting point of two sutures could not be
defined because due to complexity of incomplete metopic
suture at nasion.
Of 134 skulls with incomplete metopic suture, 132 skulls
showed persistence of remnants of metopic suture in anterior
part only, while 2 skulls showed persistence of remnant in
anterior as well as middle part also (Fig. 4). But none of the
skulls showed persistence of remnant in posterior part of suture.
Highly complex and variable five patterns were observed
out of 132 skulls with incomplete metopic suture.
1. Linear – 82 (Two with sutural bone) (Fig. 5)
2. Wide side to side excursion shaped – 47 (Fig. 6)
3. ‘U’ Shaped – 2 (Fig. 7)
4. Double Zigzag – 2 (Fig. 8)
5. ‘T’ Shaped – 1 (Fig. 9)
Sutural bones were observed in total 3 skulls, 2 skulls with
metopic remnants and one skull with complete metopic suture
(Fig. 10).

Discussion
Ossification centres for the frontal bone appear at a point
above the orbital margin and below the frontal eminence. Two
frontal ossifications fuse at about the end of the 1st year or
early in the second. The complete suture persists in 3 to 8 % of
individuals according to race1,3,5,9. Metopic suture may be
complete or may found in traces. Complete metopic suture
Fig. 2: Illustration shows deviation of posterior end of metopic
suture from sagittal suture (indicated by arrows).

Fig. 3: Illustration shows deviation of anterior end of metopic
suture from inter-nasal suture (indicated by arrows).

was observed in 10 skulls out of 253 skulls i. e. 3.95%.
Incomplete metopic suture was observed in 134 (52.96%)
skulls. Parsons FG10, reported complete metopic suture in 52
out of 590 specimens (9% approx.), in the Hythe series of skulls.
Jit and Shah11 noted complete metopic suture in 5% of
Punjabi Skulls. Agarwal et al12 reported the incidence of
metopism in 2.66% cases of Indian crania. Jit & Banga13 studied
metopism in 475 cadavers of north-west population of India,
and noted complete metopic suture 5.5% in males, 4.4% in
females.
Del Sol et al14 studied 400 dry skulls of adult Brazilian
population and reported metopism in 11 skulls (2.75%).
Incomplete metopic suture was present in 115 skulls (28.75%).
Ajmani et al15 studied 206 adult Nigerian skulls for the incidence
of the metopic suture. Metopism was present in 3.4% of cases,
whereas incomplete metopic suture was observed in 65 cases
(31. 57%). Baaten et al16 demonstrated complete metopism in
0.82 % and incomplete in 0.93%, with an overall incidence of
1.75% from the 968 studied radiographically in Lebanese
population. Castilho et al17 reported metopism in 7.04% (5/
71) and incomplete metopic suture in 32.39 % (23/71) out of
71 dry skulls of adult Brazilian subjects.
Many theories have been put forth relating to the
persistence of metopic suture. Persistence of suture was related
to the expansion of the frontal lobes and regarded as an index
of intellectual status. However no correlation was seen between
cranial capacity and persistence of metopic suture. Bolk L18
tried to correlate the persistence of suture to the extent of the
attachment of the temporal muscles to the frontal bone.
However closure of suture depends on intrinsic growth factors.
Persistent lower remains are highly complex and show
variability in their patterns. Five such patterns have been
observed. Jit & Shah11 described 3 types of sutures near nasion,
‘V’ type, ‘Y’ type & ‘H’ type. Castilho et al17 described 3 patterns
including linear, ‘V’ shaped and double incomplete metopic
suture. Agarwal et al12 described a peculiar inverted ‘Y’ shaped
and radiating type incomplete metopic suture. In present study
‘U’ shaped incomplete suture has been described, which was
also shown by Del Sol et al14, Ajmani et al15. A unique ‘T’ shaped
Fig. 4: Illustration shows remnants in anterior and middle parts
of metopic Suture (indicated by arrows).

Ashutosh Sudhakar Mangalgiri / Indian Journal of Forensic Medicine & Toxicology. January-June, 2010, Vol. 4, No. 1

75

Fig. 5: Illustration shows ‘liner’ incomplete metopic suture
(indicated by arrow).

Fig. 8: Illustration shows zigzag double line pattern of
incomplete metopic suture.

Fig. 9: Illustration shows ‘T’ shaped incomplete metopic suture.
Fig. 6: Illustration shows wide side to side excursion shaped
incomplete metopic suture.

Fig. 10: Illustration shows presence of wormian bone along
the line of metopic suture (indicated by arrow).
suture was seen in present study which was not reported earlier.
It was a common belief that metopism occurs more
frequently in brachycephalic than in dolichocephalic races. Our
study does not support this idea as 8 out of 10 skulls with
complete suture were dolichocephalic and none of the skulls
was brachycephalic. Castilho et al17 observed complete metopic
sutures had the same incidence in mesocephalics, 40% (2/5) &
dolichocephalics, 40% (2/5). Bryce TH19 also stated that there
is no correlation between brachycephaly and persistence of
complete metopic suture.
Not always the sagittal and metopic sutures are in aligned
one line. Sometimes posterior end of the metopic suture does
not meet in midline with sagittal suture and instead meets
coronal suture at bregma. In this study the sagittal and metopic
sutures were deviated from each other by 2 mm to 11 mm in
eight skulls. Simillarly anterior end of the suture fail to meet
the inter-nasal suture in four skulls. These sutures were found
deviated from each other by 2mm to 4mm. Our findings were
similar to Agarwal et al12, who observed that the sagittal and
inter-nasal sutures do not meet in the midline. Wood Jones F8,
also observed the deviation of 15 mm.
Pars bregmatica in our study was found to be finely
serrated and not as simple and direct as described by Wood
Jones F8.
Sutural bones sometimes found interposed in the metopic
suture. We have observed sutural bones in three skulls, in which
Fig. 7: Illustration shows ‘U’ shaped incomplete metopic suture.

one skull with complete suture and two in incomplete metopic
suture. Sutural bones may alter the line of suture5, which was
observed in these cases also. Interparietal bones were not seen
in any of the skulls with metopism.
Incomplete metopic sutures may go unnoticed on X-rays.
Open metopic suture and fracture skull can be clearly
differentiated in traumatised patients by using 3D CT and
Multiplanar Reformat (MPR) scan than X -ray20.
Metopic sutures sometimes may be wrongly diagnosed
as vertical fractures on X- ray studies16. Bademci et al20 stressed
that, the surgeon should be aware of this anatomical condition
during surgical intervention and in traumatized patients as this
may mimic fracture skull during emergency.
The knowledge of morphological pattern of complete or
incomplete metopic suture is important for forensic experts as
this condition may be mistaken for linear fracture of skull in
cases of head injury.

Conclusion
Although the studies have mentioned about the
persistence of the suture, clinically this condition is rare.
Therefore, condition may mislead as fracture skull by surgeons,
radiologists or by forensic experts. Thus this condition should
always be kept in mind in case of suspected fracture skull.
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were patent. The abdominal viscera were congested with
normal testis. Chemical analysis was negative for intoxicants.

Abstract
A case of sudden death, occurred during coitus at
prostitutes’ apartment, is reported. Previous reports suggest
that on most of the occasion, the death was attributed to
coronary artery disease and many of the reported cases
occurred in early or late middle-aged persons with evidence of
pre-existing heart disease, confirmed either clinically or at
autopsy. Here we are reporting a case of sudden non-coronary
death in young male.

Key words
Coital death, sudden death, postmortem.

Introduction
Death during sexual activity had been reported
previously1,2 and on most of the occasion, the fatality was
attributed to coronary disease. Nevertheless, Ueno3 reported
that so-called coition deaths accounted for 0.6% of
endogenous sudden deaths and in approximately half of those
cases death was due to heart disease. Moreover, many of the
reported cases occurred in early or late middle-aged persons
with evidence of pre-existing heart disease, confirmed either
clinically or at autopsy. Here we are reporting a case of sudden
non-coronary death in young male.

Case report
A 25-year old male died suddenly during performing coitus
with a prostitute in the red light area of the city. As per history,
narrated by the prostitute, the incident took at around 1:00
PM where the young man was doing actual sexual intercourse,
he suddenly had pain followed by profuse sweating and he
collapsed over her and died immediately.
At autopsy, no mark of violence was found. There was a
chancroid lesion in form of an ulcerated area located over base
of the frenulum of penis (fig 1). The ulcerated area was sharply
demarcated and was non-indurated with necrotic base with
evidence of recent bleeding. There were small genital lesions
in form of ruptured pustules in base of corona glandis. Internal
examination revealed pale brain with congested lungs,
unremarkable changes in myocardium and valves. Coronaries
Fig. 1: Photograph showing chancroid lesion over frenulum

Discussion
Chancroid is a common cause of genital ulcers in
developing countries. Being a sexually transmitted disease, the
transmission remains predominantly heterosexual and
prostitutes have been important source in transmission of the
infection4,5. In contrast to previous reports1,2, the autopsy
findings in the present case suggest that the death be due to
vasovagal response. Death due to vasovagal attack occurs with
dramatic suddenness. The loss of consciousness is usually
instantaneous on these occasions and death follows soon
afterwards6. The vasovagal response in the stated case was
thought due to the severe pain caused by the genital ulcers.
Although, autopsy findings did not disclose any typical findings
except chancroid lesion, consequently diagnosis was made only
on the basis of circumstantial evidence and exclusion of other
causes of death.
The chancroid ulcers are known to be painful4. Pain is
probably the most fundamental and primitive sensation. The
deceased was performing coitus with painful lesion on the
penis. Moreover, in the presence of damaged tissue or
inflammation, the threshold for activating primary afferent
nociceptors is lowered and the frequency of firing is higher for
all stimulus intensities4,7. Inflammatory mediators such as
bradykinin, prostaglandins and leukotrines contribute to this
process, which is called sensitization. In sensitized tissues
normally innocuous stimuli can produce severe pain. Though,
pain usually causes a rise in blood pressure via afferent impulses
in the reticular formation converging on the vasomotor area;
prolonged, severe pain may cause vasodilatation and fainting7,8,
thus triggering the vasovagal response.
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Abstract
DNA typing is on the rise in its use as an identification aid
for forensic scientists. DNA typing have opened a new frontier
in forensic analysis. Until 1985 all polymorphic immunological
and biochemical markers employed to identify biological
samples in criminal cases had limited applicability. The way to
a new course of events was first paved by the introduction of
minisatellites using multilocus probes (MLPs), providing
incomparably higher discriminatory power. However, the
procedures for multilocus typing were too arduous and
required very large amounts of intact DNA which were usually
not recovered from the difficult forensic biological specimens.
This paved way for initiation of single locus probes (SLPs) in
VNTR (variable number of tandem repeats) detection analysis.
Analysis was stared with isolation of DNA from samples done
by chloroform: isoamylalcohol method followed by the
estimation of DNA in the samples with a standard DPA (method
by comparing with standard commercial DNA. After that RFLP
method was followed. The aim of our paper is identification
of crime assailant with the aid of current DNA technology.

Another application of DNA typing involves comparing
DNA profiles from a mother, a child, and a putative father to
provide objective evidence for investigating parentage. An
example of the strength of DNA testing is demonstrated by its
intrinsically excellent ability to exclude falsely accused men from
paternity identification.
This paper will review the technological basis for DNA
typing in the context of positive crime assailant identification.
We will also present potential applications as they relate to
DNA typing in forensic medicine.

Case history
In 2009, a 30 year old Indian male fell victim to a murder.
His family members accused three friends of the victim as the
suspects. A forensic specialist collected a hair sample from the
crime scene. He also collected blood sample from the three
suspects. The specimens were sent to BioAxis DNA Research
Center (BDRC) in Hyderabad (INDIA), for DNA typing to identify
the positive assailant in this case.

Keywords

Materials and methods

DNA typing, RFLP, Forensic investigation, VNTR, DPA,
minisatellites.

Chemicals
Chemicals and reagents, including 2% Cetyltrimethyle
ammonia (CTAB), Isoamyl alcohol, Isopropanol, Ethanol,
Sodium dodecyl suphate(SDS), tris HCl, NaCl, MgCl2 , Phenol,
Chloroform, Diphenylamine (DPA) reagent, glacial acetic acid,
ECORI & PST enzyme mix, Standard DNA, were purchased from
Sigma Chemical Co. (INDIA). All other chemicals and solvents
used in this study were of the analytical grade.

Introduction
Investigation of violent crime has always been the decisive
issue for law enforcement agencies in any country and more
so in societies of developing countries like India. Biological
specimens recovered from the scene of crime provide
remarkably valuable information about the crime and involved
personnel. DNA technology has gained wide acceptance in
crime investigations involving biological evidence, such as
murder (blood evidence), sexual assault (semen evidence),
murder with sexual assault (blood and semen evidence) or more
so, in cases of mass disasters like the World Trade Center attacks
(saliva evidence and body tissues) and in identification of
mutilated bodies and exhumed skeletons (tissues and bones).
After the discovery in 1980 of a hypervariable DNA
polymorphism in the human genome1 and the subseqeunt
demonstration that such hypervariability is wide spread in
humans2, forensic scientists have recognized the potential of
DNA typing for identifying a criminal from biological samples
left at a crime scene. With the variable number of tandem
repeat (VNTR) loci3 currently used, the value of DNA typing as
an investigative tool is enormous because an extremely large
number of genotypes exist in the population, which yields a
high probability of finding different patterns in different
individuals. A high probability of different patterns in different
individuals means a large chance of excluding a falsely accused
individual and lesser chance of a coincidental match between
a DNA profile of a suspect and that in an evidentiray sample.
The courts in the united states and England have admitted,
DNA evidence in criminal and civil litigations4.

Specimen DNA extraction
A simple method for DNA isolation and purification by
Bowtell, D5 with slightly modifications was followed. Blood
sample was collected in ethylene diamine tetra acetic acid
(EDTA) from the 3 suspects and kept frozen until extraction.
Each sample was centrifuged at 3000rpm for 5 min. plasma
was removed and Buffy coat was collected. 5 ml of RCLB (Red
cell lyses buffer) was added to Buffy coat and centrifuged at
3000rpm for 10min. After discarding the supernatant, Pellet
was resuspended in 1.5ml of WCLB (White cell lyses buffer)
solution, and of 10% SDS was added to the pellet for overnight
incubation at 42oc to 50oc. The DNA was then purified by
addition of 1.5ml of Phenol, choloroform, isoamylalchol
(25:24:1) mixture centrifuged at 3000 rpm for 10 minutes. The
upper aqueous phase was taken into a new tube. This extraction
process was repeated with chloroform isoamyl alcohol (24:1)
mixture and the upper aqueous phase was recovered. 100μl
of 5M NaCl and equal amount of 100% isopropanol was added
to the aqueous phase mix gently and resuspended in 100μl TE
buffer.
DNA was extracted from hair specimen by the method
Hellmann A, et al.6 with slight modifications. Sample was
macerated in 0.5mlof 2% aqueous CTAB, kept at 65oc 1 hour
and vortexed every 20 minutes interval. 0.5ml of isoamylalcohol
was added to the separated supernatant in a fresh micro tube,

Shaik. Rahiman / Indian Journal of Forensic Medicine & Toxicology. January-June, 2010, Vol. 4, No. 1

79

and centrifuged for 2 min at 14000rpm. Supernatant was
transferred into another tube with addition of 0.5ml of
isopropanol, incubated at 4oc for 30 min to precipitate DNA
which was pelleted by centrifugation. Pellet was a washed and
dehydrated in ethanol and resuspend in 50μl to 100μl of TE
buffer.

step was destaining, in which the gel was placed in a small
plastic tray, submerged in distilled water heated to 370C, and
provided with occasional agitation. This process was repeated
for approximately four cycles of 10 minutes, until the dye had
faded, revealing the DNA bands.

Result

DNA analysis
Estimation of standard commercial DNA.
Determination of standard DNA was done by the method
Burton, K7 with slightly modification. Standard DNA stock
solution was prepared by dissolving 0.01gm DNA sample in
20ml of distilled water.
Estimation of DNA in sample
From each sample 10 μl was taken and added in 4 different
tubes labeled as suspect Blood specimens (B1,B2, and B3 ),
and victim hair specimen (H) followed by addition of 2ml of
distilled water and 5ml of DPA reagent, kept in water bath for
15minutes. Make the final volume up to 10ml with distilled
water and read the optical density at 595nm
Restriction fragment length polymorphism (RFLP) Analysis
The basic principle of RFLP8 is separation of the desired
repetitive sequences by cleaving them out from the genome
using an appropriate restriction endonuclease enzyme,
electrophoresis of the digested DNA and thereafter detection
of DNA bands.
The first step of DNA typing is to isolate the DNA from the
rest of the cellular material. Depending on the values of OD
obtained, amount of restriction enzyme to be added is
estimated. 10 μl of ECORI & PST enzyme mixture was added to
10 μl of each DNA samples, vortex it for some time for proper
mix. Incubate at 37oC in water bath for 45 minutes and cool to
room temperature. Then, to stop the reaction, 5μl of gel loading
solution was added to each tube.
The next and final, procedural step was to run the samples
on through electrophoresis. First the agarose gel needed to be
prepared. The gel was created using 0.25gm agarose powder,
25ml concentrated TAE buffer, heat the mixture and cast the
gel. This gel was then poured into the gel bed with a comb
and was left to solidify for 20 minutes. The gel bed was then
placed in the electrophoresis chamber after removing the comb
and the chamber was filled with 300ml of diluted buffer (6ml
concentrated buffer and 294ml distilled water). Added 5μl of
loading dye (Bromophenol blue) to the samples. The samples
were loaded into the wells in gel (in quantities of 10μl each)
included samples from both the crime scene and the suspects
Once the samples were loaded, the gel was run until the
tracking dye had migrated approximately 3/4 of the way down
the gel bed. After electrophoresis was completed, the gel was
removed and prepared for staining with several drops of 100X
Fast blast stain for 3-5 minutes, with constant stirring The final

Estimation of standard commercial DNA
A standard graph was prepared by using different
concentration of commercial DNA standard, (Table 1) by
plotting concentration of DNA on X-axis and optical density
on Y-axis (Fig.1).
Estimation of DNA in sample
A graph was prepared by using different concentration
sample DNA (Table 2). Determined the concentration of DNA
in samples by comparing with the Standard DNA graph (Fig.1).
Restriction fragment length polymorphism (RFLP) Analysis
DNA bands were visible in all 4 lanes ( Figure 3) after
staining. The bands in 2, 3 and 4 (suspects blood samples)
lanes were not lined up with band in lane 1(crime scene hair
sample).

Discussion
DNA typing is an extremely accurate laboratory procedure
for establishing familial relationships, investigating violent
crimes, and investigating the identity of an individual, living
or deceased. Traditionally, the restriction fragment length
polymorphism (RFLP) test has been the method of choice for
DNA typing. While RFLP testing is very accurate for some types
of specimens, such as fresh whole blood, it frequently is not
suitable for aged or environmentally stressed specimens,
samples with a limited amount of DNA such as traces of saliva
recovered from cigarette butts, and bone.
In present analysis the restriction sites for ECORI & PST
enzyme mixture were not located at the same positions in blood
Fig. 1: The quantity of DNA in various concentration of standard
DNA stock solution at 595nm optical density.

Table 1: Estimation of Standard DNA concentration in various concentrations of stock DNA solutions.
Test tube

Volume of standard
DNA stock solution(ml)

B
S1
S2
S3
S4
S5

0.0
0.1
0.2
0.3
0.4
0.5

Concentration of
standard DNA in
stock solution(ml)
0
100
200
300
400
500

DPA(ml)
5
5
5
5
5
5

Distilled water(ml) OD at 595nm
2
2
2
2
2
2

0.0
0.02
0.05
0.073
0.11
0.14

B: blank; S1: sample 1; S2: sample 2; S3: sample 3; S4: sample 4; S5: sample 5.
DPA: diphenylamine;
ml: milliliter; OD: optical density
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Table 2: Estimation of sample DNA concentrations
Test tube

Volume of sample DNA
stock solution(μl)

DPA (ml)

Distilled
water (ml)

OD at 595nm

H
B1
B2
B3

10
10
10
10

5
5
5
5

2
2
2
2

0.09
0.13
0.10
0.12

Concentration of
sample DNA from
graph(μl/ml)
350
470
375
430

H: victim hair sample; B1:suspect blood sample 1; B2: suspect blood sample 2; B3: suspect blood sample 3
DPA: diphenylamine;
ml: milliliter;
μl: micro liter; OD: optical density.
Fig. 2: Relationship between the commercial standard DNA
concentration and conecntraitons of DNA in the samples (hair
& blood samples) at 595nm optical density.

Fig. 3: Comparison of DNA band of the victim’s hair (H) sample
with typical first suspect blood sample (B1); second suspect
blood sample (B2); third suspect blood sample (B3).

: Concentration of DNA in Hair sample (H)
: Concentration of DNA in first suspect blood sample (B1)
: Concentration of DNA in second suspect blood sample (B2)
: Concentration of DNA in third suspect blood sample (B3)
: Standard DNA concentration

and hair DNA samples. The RFLP technique uses VNTRs. VNTRs
are regions of DNA comprising hundreds to several thousand
base pairs and are arranged as tandem repeat units. Loci with
long motifs (e.g., 8-80 bp) are referred to as minisatellites9 or
variable number of tandem repeats (VNTRs)10. The number of
repeats varies greatly from person to person11. Restriction
enzymes were used for cleaving VNTR fragments varying in
lengths, which were detected by the restriction fragment length
polymorphism (RFLP) technique.
The DNA figure printing cannot be altered by any known
means as it is the same in each and every cell in the body,
unlike the finger print of palm and toe can be changed with
plastic surgery. Hence DNA typing is the most reliable in solving
forensic cases without any ambiguity, in acquitting the innocent
and identification of positive assailant.
DNA typing is a highly conclusive, informative procedure
in identification of biological specimens, genomic diversity in
population studies, characterization and tracing antiquity of
ancient DNA and for diagnosis of a Plethora of diseases. The
important of DNA typing in forensic applications are12.

Medico-legal Issues
Murder: Assailant, victim or the crime scene can be positively
identified from very small amounts of the tissue left behind
with the victim on the scene of crime or on the personal
belongings of the accused. For identifying potential suspects
whose DNA may match with the evidence left at crime scenes.
To exonerate innocent persons wrongly accused of crime.
Sexual Assault: Rapist can be positively identified from semen
on the body or apparel of the victim or from the scene of
crime.

Accidents, Mass Disasters: Identification of mutilated bodies
can be done by comparing the DNA profile of biological
remnants with blood relatives. Identification of victims of
catastrophes, abandoned bodies, mutilated bodies, victims of
terrorism or any instance where human identification is
required.
Parentage Disputes: Parentage of a child can be established
by comparing the DNA of the child with putative mother and/
or father. When one of the parents is not available for the
testing, his/her DNA make up can be reconstituted from the
DNA of close relatives.
Other than in human identification, DNA typing are also
applied in:
Diagnostics: Detection of bacteria and other organisms that
may pollute air, water, soil, and food. Detection of organisms
of bioterrorism (Anthrax, etc). Matching organs for
transplantation and monitoring the acceptance of grafts.
Detection of mislabeled slides and tissues.
Animal and Plant Genomics: Pedigree determination of seed
or livestock breeds. Identification of plant and animal species
under intellectual property rights. Seed certification and
quarantine programmes.
Anthropology and Evolutionary Studies: Ancient DNA
analysis for addressing the origin of modern humans, migration
and evolution. Characterization of archaic fossil remains for
identifying animal and plant species. Understanding genetic
structure, variation and affinities of populations.
Wildlife Forensics: Identification of protected flora and fauna
thus aiding wildlife forensics for conservation and management
of endangered species (could be used for prosecuting
poachers).
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Food Technology: Authentication of consumables such as
caviar and wine, thus maintaining quality assurance and
control.

Conclusion
Based on the RFLP analysis results, it is concluded that the
DNA profile of the 3 suspects does not match with the Hair
sample DNA that found at the crime scene. Hence it is
concluded that the suspects under interrogation were not
present at the location of the crime; hence they can be
acquitted and eliminated from further interrogation.
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