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ABSTRACT The purpose of this paper is to review the use of Electron Microscope (EM) techniques in the field
of anthropological research. This technique has not been extensively used by anthropology researchers in India,
although it can provide a wide range of information about the unseen world in anthropological research.
Anthropologists have traditionally made significant contribution in fields like growth and nutrition, reproductive
health, genetic disorders, excavated human remains among others by traditional anthropometry methods. In many
an instance, one can also utilize or add up the EM facility for such studies. The author outlines the basic sample
preparation methods to be selected for the Transmission Electron Microscope (TEM) and Scanning Electron
Microscope (SEM) systems. Examples of application of EM in anthropology and the contributions of researchers

in India and elsewhere are discussed.

INTRODUCTION

Anthropology is no longer a single discipline,
but rather a range of different practices carried
out in a variety of social settings. It is in this
context that the nature and purpose of social
knowledge, and in particular anthropological
knowledge, comes into particular focus (Moore
1996). Important new questions in anthropology
now calls for sustained research with traditional
methods complemented with modern analytical
techniques from the life and physical sciences
including molecular biology and x-ray crystal-
lography among others.

One such technique which has been in us-
age in anthropological research is the Electron
Microscope (EM). Although the invention of EM
was done in 1930s, its use in practical field espe-
cially in anthropology is very few. Here, in this
paper author would like to mention about few
applications of EM and review some of the work
done by researcher across the world in the field
of anthropology.

In the 17" century Anthony Leeuwenhock
invented the first light microscope that produced
magnified images of very small apparently invis-
ible objects perceivable to human eye. Advanced
models of the microscope were later developed
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which produced clearer images with higher mag-
nification and better resolution.

In a light microscope, a beam of light is di-
rected through a thin object and a combination
of glass lenses provide an image which can be
viewed by our eyes through an eyepiece. The
image formed is realistic because it uses multi
colour light. Visible light has wave like nature
with a wave length of 400 — 800nm. Since the
resolution cannot be less than half the wave-
length, the ultimate resolution attainable by us-
ing the light microscope is 200 nm. This corre-
sponds to a magnification of 1000 times as com-
pared to an eye. In the 1920’s it was discovered
that accelerating electrons behave in vacuum just
like light. They travel in straight lines and have a
wavelength which is about 100,000 times smaller
than that of light. Furthermore, it was found that
electric and magnetic field have the same effect
on electrons as glass lenses and mirrors have on
visible light. The discovery formed the basis of
electron microscopy.

An electron microscope (EM) uses an elec-
tron beam to illuminate a specimen and produce
amagnified image. Electron microscopes are used
to investigate the ultrastructure of a wide range
of biological and inorganic specimens.

Because of the unique capabilities of EM in
terms of resolution and magnification, they have
been extensively used by physical and life sci-
ence researchers. Where does the anthropolo-
gist stand in the current scheme of things? This
is the question which prompted the author to
work on this paper.
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According to Jennie (2005), SEM is an in-
creasingly useful tool for anthropologists. Lab-
oratory analyses are central to bio-cultural an-
thropology and archaeology, and access to state-
of-the-art equipment will help researchers in an-
thropology, engage with the leading edge of re-
search and keep current with new developments.
A SEM makes high-magnification, non-destruc-
tive analyses possible, opening many new re-
search opportunities. Archaeology researchers
would be able to study the surface of sand grains
to understand how archaeological sites formed,
analyse the composition of thin sections of sed-
iment, pottery and stone artefacts to understand
prehistoric environments, technology, artifact
composition and function, identify microscopic
plant remains such as pollen and phytoliths, and
examine details of bone damage and growth. In
brief, it is an opportune time for anthropologists
to explore their field of interest with the aid of
this versatile instrument.

The high cost of an electron microscope and
the necessary infrastructure as also trained per-
sonnel for its operation makes it out of bounds
for alarge majority of researchers. Fortunately in
India, the Department of Science and Technolo-
gy (DST) has established central instrument fa-
cilities in a number of universities and institutes
across the country, wherein EM analyses can be

Table 1. A list of institutes with EM facility
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done at nominal expenses. An indicative list of
institutes where EM analysis can availed is pro-
vided for the benefit of interested researchers
(Table 1).

While most EM facilities would process and
prepare samples to be viewed under an electron
microscope on their own, it is nonetheless worth-
while for intending researchers to have an over-
view of the process of sample preparation which
itself is critical in the outcome of the final image.

Standard Procedure of Sample/Specimen
Preparation for TEM

Stepl. Sample should be cut into small cube
of 1-2 mm size, it is advisable for live specimens
to be washed in fixative during dissection.

Step 2. Fixation in Karnovsky’s fixative or in
3% Glutaraldehyde for 2 to 4 hours at 4°C.

Step 3. Washing with 0.1M Buffer (used to
prepare the fixative, usually sodium cacodylate
or phosphate buffer). 3 changes of 15 minutes
each at 4°C.

Step 4. Post Fixation is carried out with 2%
0s0,in 0.2M Sodium cacodylate buffer or 0.1M
Phosphate buffer (used to prepare the fixative)
for 2 hrat4°C.

Step 5. Washing with 0.1M Buffer (used to
prepare the fixative). 3 changes of 15 minutes
each at 4°C.

Institute Address

IIT Bombay Sophisticated Analytical Instrument Facility (SAIF), 1IT-Bombay, Powai,
Mumbai-400 076

IIT Rorkee Institute Instrumentation Centre, Indian Institute Of Technology, Roorkee,
Roorkee-247 667

IIT Chennai Sophisticated Analytical Instrument Facility, Indian Institute of Technology,

Chennai-600 036

Bose Institute
009
Central Drug Research Institute

Sophisticated Analytical Instrument facility Bose Institute Kolkata-700

Sophisticated Analytical Instrument Facility, Central Drug Research Institute,

Lucknow-226031

North Eastern Hill University

Sophisticated Analytical Instrument Facility, North Eastern Hill University,

Shillong- 793022

Panjab University

Sophisticated Analytical Instrumentation Facility (SAIF), Panjab University,

Chandigarh- 160 014

AlIMS

Sophisticated Analytical Instrument Facility (For Electron Microscopy),

All India Institute of Medical Sciences, Ansari Nagar, New Delhi-110

029.

Kochi University

The National Electron Microscope

Facility (NELMIF)

Central Facility for transmission and
scanning electron microscopy

Sophisticated Analytical Instrument Facility, Sophisticated Test and
Instrumentation Centre, Kochi University, Kochi-682 022

Department of Metallurgical Engineering, Institute of Technology,
Banaras Hindu University, Varanasi - 221005

Institute of Medical Sciences,Banaras Hindu University,Varanasi-221 005
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Step 6. Dehydration

030 % - 15 minutes x - At4°C
Acetone 2 changes
0 50 % Acetone - 15 minutes x - At4°C
2 changes
0 70 % Acetone - 15 minutes x - At4°C
2 changes
(can be left
over night)
0 80 % Acetone - 15 minutes x - At4°C
2 changes
0 90 % Acetone - 15 minutes x - At4°C
2 changes
0 95 % Acetone - 15 minutes x - At4°C
2 changes
0 100 % Acetone - 15 minutes x - At4°C
2 changes
(Dry Acetone)
Dry Acetone 2 changes after every - At room
30 min. each each tempe-
rature

Step 7. Clearing:

Propylene Oxide - 2 changes after every 30
min.each — Atroom temperature

Step 8. Infiltration:

1 part of Embedding Medium and 3 parts of
Propylene Oxide

(can be left over night)

2 parts of Embedding Medium and 2 parts of
Propylene Oxide — 1 hour

3 parts of Embedding Medium and 1 part
of Propylene Oxide — 1 hour
(Under vacuum)

Pure Embedding Medium - 1 hour (Under
vacuum)

Step 9. Embedding:

Embedding the sample in pure Embedding
Medium using Beem capsules or flat embedding
mould (if orientation of the specimen is required).

Step 10. Polymerization:

The embedded blocks are kept in the Embed-
ding oven at 50°C for 24 hours. Then raise the
temperature to 60°C and keep for 24- 48 hours.

Step 11. Ultramicrotomy. The ultrathin sec-
tions are collected on to grids.

Step 12. Staining: Sections are then stained
by double staining method with lead citrate and
uranyle acetate to get good contrast while view-
ing in the TEM.

Standard Procedure of Sample/Specimen
Preparation for SEM

Step 1. Primary fixation: 2-3mm size sam-
ples should be fixed in 2.5 -3% Glutaraldehyde
or Karnovsky’s Fixative
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Step 2. Washing: Washed in 0.1M Sodium
Cacodylate Buffer 3 changes of fifteen minutes
eachat4°C

Step 3. Post-Fixation (Optional): 1% Osmi-
um Tetroxide in 0.1M Sodium Cacodylate Buffer
at4°C.

Step 4. Washing : Washed in 0.1M Sodium
Cacodylate Buffer 3 changes of fifteen minutes
eachat4°C

Step 5. Dehydration: All steps to be carried
at4°C

0 30 % Acetone -15 minutes X -At4°C
2 changes
-15 minutes x
2 changes -
-15 minutes x
2 changes
(can be left
over night)
-15 minutes x
2 changes
-15 minutes x
2 changes
-15 minutes x
2 changes
0 100 % Acetone -15 minutes X
2 changes

(Dry Acetone)

o 50 % Acetone At4°C

0 70 % Acetone -At4°C
0 80 % Acetone -At4°C
0 90 % Acetone -At4°C
0 95 % Acetone -At4°C

-At4°C

Step 6. Drying :

o Critical Point drying: Samples are to be dried
with Liquid Carbon dioxide at its Critical
Point that is, 31.5 °C at 1100p.S.i.

0 TMS method: the specimens are immersed
in Tetra Methyl Silane for 5-10 minutes for
two changes at 4° C. Then they are brought
to room temperature (25-26 °C) to dry.

Step 7. Mounting: The specimen are mount-
ed on Brass or Aluminum Stubs

Step 8. Sputter coating: Coating is carried
out using silver or gold, the coating should be of
about 35 nm thick.

The sample preparation procedures listed
above may look daunting to the uninitiated re-
searcher. In any case, samples for EM analysis
need only be prepared till step 2 (fixation) before
they are accepted by most centres for further
processing.

The requirement of fixation for electron mi-
croscopy is very crucial since the fixative should
preserve the organization of the cell down to the
macro molecular pattern. In order to protect this
pattern from the solvents used in embedding,
from the mechanical forces involved in the sec-
tioning, and from the action of the electron beam,
the fixative should replace the weak intermolec-
ular associations with more stable bonds to pre-
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vent the collapse of the molecular structure. Af-
ter pre and post fixation, specimen should be
rinsed thoroughly to wash off the excess fixative
with buffer which is the best vehicle and allows
the least amount of extraction of cellular materi-
als and also maintain the pH. The water is re-
moved by passing the samples through a series
of solution of ascending concentration of the
dehydrating agent. After dehydration, for SEM,
the sample needs to dry by critical drying meth-
od and then mounted to facilitate viewing in the
instrument. However for TEM, though acetone
is easily miscible with resin, it is advantageous
to clear it off with a clearing agent to facilitate
penetration of resin. Very few tissues are rigid
enough to be cut into thin sections without an
additional support. Therefore tissue must be at-
tached to a block which is sufficiently strong to
be handled safely during sectioning. This can
be accomplished by infiltrating resin into the tis-
sues and further hardening it, so that it will take
the form of a block embedded with tissue. Infil-
tration is done by gradually decreasing the con-
centration of clearing agent and proportionately
increasing the concentration of embedding me-
dium. Embedding is done in the embedding me-
dium using flat embedding mould or beam cap-
sule. Polymerization is the process by which lig-
uid resin is hardened. This is usually done by
heat. After polymerization, the blocks are re-
moved from the capsules or flat embedding
moulds and are trimmed to produce a pyramid
form at the tip of the block where the tissue is
located. For cutting ultrathin sections use fresh
glass knives or a diamond knife. The sections
are then picked onto grids. To obtain a good
contrast, a double staining method using uranyl
acetate and lead citrate is routinely followed.

APPLICATION OFELECTRON
MICROSCOPE INANTHROPOLOGY

Because electron microscopes use a beam of
highly energetic electrons to examine objects on
a very fine scale, the examination can provide
unique information. That includes, topography-
the surface features of an object, its texture, di-
rect relation between these features and materi-
als properties and morphology-the shape and
size of the particles making up the object that
related between these structures and material
properties which character specially in the bio-
logical anthropological fields. Electron micros-
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copy has been widely applied in life science and
material science studies, anthropologist world
over have also successfully used EM in various
fields. Some important areas of anthropology
research where EM has been applied and the
techniques of sample preparations shows the
wide applicability of this technique for the inge-
nious researcher.

Indicative Research Fields
a) Studies on Bone and Fossil remains

In order to explain the diversity within and
between human populations, physical anthro-
pologists must study past populations of fossil
hominins as well as the non-human primates. The
microscopic examination of fossilized bone tis-
sue is a sophisticated and increasingly impor-
tant analytical tool for understanding the life his-
tory of ancient organisms. Bone must be consid-
ered not only as a structural member but also as
a mineral bank that can be drawn upon in times
of need. It is important therefore to recognize
that bone tissue appears morphologically as
though it is under the control of bone cells. Bone,
being a mixture of hard mineralized matrix and
soft cells can be a difficult tissue to prepare for
electron microscopy but the methods that are
used are basically the same as for other tissues.
To process the undecalcified bone for EM study
one has to obtain a biopsy of human iliac crest
bone by using an electric drilling machine. Slices
about 1 mm thick are cut from the biopsy bone
cylinder with a razor blade (Schulz 1977) and then
followed by standard EM protocol for sample
preparation.

Conventional ultramicrotoming of fully min-
eralized cortical bone results in significant dis-
tortions of its internal structure. lon milling and
the related technique of focused ion beam (FIB)
milling produce essentially no distortion because
no stress is applied to the bone during milling. In
an attempt to improve understanding of the ul-
trastructure of bone, McNally et al (2012) have
used a relatively untried method of sample prep-
aration, cryo-ion milling, to prepare sections for
TEM analysis. They showed that analogous
structures to those seen in human cortical bone
can be observed in other human bones (includ-
ing trabecular bone) and in bones of other verte-
brate species.
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b) Study of Conjunctiva

Relatively few morphological studies on hu-
man cornea have been performed due to the dif-
ficulty in obtaining material. The specimens may
be obtained either by superficial scraping-off,
limited to the epithelial layer, or from corneal but-
tons obtained at keratoplasty. Conjunctiva, on
the other hand, may be obtained by painless bi-
opsy. Impression cytology usually removes only
1-3 cell layers and does not yield the same infor-
mation as a flat mount or cross section prepara-
tion of the ocular surface (Singh et al. 2005).

c) Palaeo-anthropology

The investigation of human skeletons gath-
ered from archeological and anthropological ex-
cavations is of capital importance for the enlight-
enment of human history. Every piece of human
skeleton is an important data source in this pro-
cess. Teeth, the most durable pieces of the body
against all factors, can be protected without de-
terioration and is found intensively in excava-
tions. The relationship between tooth of living
species and nutrition is so important and a con-
stant research topic for anthropologic research-
es that gives information about diet, environ-
mental relationships and cultural structure. Sev-
eral recent studies have demonstrated the effi-
cacy of dental microwear analysis (DMA) for
dietary reconstruction among nonhuman pri-
mates, early hominids, and prehistoric humans.
It has been proved that the food stuffs, which
living species consumed, have a fundamental
role on tooth wear. The micro marks have several
characteristics about the ingredients, hardness,
size and chewing force of the nutrients (Serpil et
al. 2013).

Researchers have recognized for more than
three decades that patterns of microscopic use
wear on teeth hold the potential to provide infor-
mation about the diets of early hominids. Dental
microwear, usually analyzed using scanning elec-
tron microscopy (SEM) techniques, is a good
indicator of the abrasive potential of past human
population diets. Dental casting is a very com-
mon procedure for making high-quality replicas
of paleo-anthropological remains. Several com-
mercial products can be used in molds. High-
resolution casts are studied rather than original
teeth because they are more convenient, often
more durable, and relatively easy to curate. Casts
were made of a single, second mandibular molar
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from each individual. The casting process be-
gan with the rinsing of the original teeth with
ethyl alcohol (95% solution) and then allowing
them to air-dry. Molds of the original teeth were
taken with a polyvinyl siloxane impression mate-
rial, Coltene’s President Jet (light body). After
setting up for 6 =10 min, the molds are carefully
removed and allowed to de-gas overnight. The
molds were rinsed with alcohol, allowed to air-
dry, and filled with super hard epoxy resin at a
hardener to base ratio of 4 tol. The hardener and
base are thoroughly, manually mixed before it
being placed into the molds with a plastic pi-
pette. Care has to be taken to avoid trapping air
bubbles between the mold and resin. Each filled
mold are placed in a manual centrifuge for 15-30
sec. The centrifuge forces the resin deep into
the relief of the mold and help remove air bub-
bles from the interface of the molding and cast-
ing materials. The casts are allowed to harden
overnight. Preparation for electron microscopy
included mounting the casts on 10-mm alumi-
num stubs with copper tape and conductive sil-
ver paint, and then sputter-coating them with
200 A of gold-palladium (Christopher 2001).

d) Forensic Anthropology

Scanning electron microscopy is often used
in investigating forensic evidence. The areas of
forensic medicine where the above methods have
already been used, as well as the results ob-
tained, are with hairs, bones, muscle and skin.

The advantages of using the Scanning Elec-
tron Microscope (SEM) for human hair studies
far surpass the technique of light microscopic
studies. Determinations of surface characteris-
tics such as scale count, hair diameter, surface
debris, hair shape, scale structure and surface
damage, whether physical or chemical may be
significant in investigative crime studies. Use of
an optical light microscope gives very poor to-
pographic resolution of hair features. While the
Transmission Electron Microscope (TEM) gives
better resolution, there is still the matter of repli-
cation of the surface of the sample to be investi-
gated, which gives another possibility for error
in investigation. The SEM is not only a better
tool for studies, since the depth of field and res-
olution of topographical work is better, but prep-
aration is rapid and easy. Hair samples are mount-
ed on metal stubs with either double-stick cello-
phane tape or conductive paint on the ends; the
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hairs are then metal vaporized with at thin layer
of aluminum, coating the sample with a feature-
less metal at a thickness of less than 200 A, which
is under the resolution of the SEM. This enables
the sample to be observed without disturbing it;
observations are made of the sample directly
without replication. Other forensic samples like
bone study and its preparation are mentioned
above whereas samples like muscle, skin etc. are
to be processed following standard protocol for
EM.

e) Human Genetics

DNA carries all our genetic information
across the generations. The 1953 breakthrough
describing the double-helix was confirmed us-
ing x-ray crystallography. Direct imaging be-
comes important when the knowledge at few/
single molecule level is requested and where the
diffraction does not allow to get structural and
functional information. Gentile et al. (2012) re-
cently reported on the direct imaging of double
stranded B-DNA in the conformation, obtained
by combining a novel sample preparation meth-
od based on super hydrophobic DNA molecules
self-aggregation process with TEM. The experi-
mental breakthrough is the production of robust
and highly ordered paired DNA nano fibers that
allowed its direct TEM imaging and the double
helix structure revealing. The new research is
different because to visualizes DNA directly with
an electron microscope. The new research creat-
ed a water repellent surface that caused liquid in
samples to dry out very quickly and deposit sus-
pended strands of DNA. The surface is made up
of tiny micro pillars that catch the DNA, holding
it up where images can be taken. The results are
pretty amazing - it can actually show the repeat-
ing spiral pattern of DNA. The work could even-
tually allow scientists to closely study the way
proteins and chemical agents interact with DNA.
A variety of preparation methods are available
for TEM and SEM including ultra-thin sections
of conventionally fixed samples, immunogold
labeling, plunge-freezing cryo-EM and tomogra-
phy. EM of DNA is commonly done by klein-
schmidt method, in which the nucleic acid is first
absorbed to a positively charged protein mono-
layer formed at an air-water interface. The spread
DNA is then picked up on a film (for example,
nitro cellulose) supported on an EM grid. In an
earlier study on kinetoplast DNA, the mitochon-
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drial DNA of trypanosomatids, Perez-Morga and
Englund (1993) had developed a technique of
DNA sample preparation for EM studies. Using
acommon modification of the kleinschmidt meth-
od, this technique requires much smaller amount
of DNA for each spreading.

Availability of ancient DNA is important for
studies in forensic anthropology, migration and
lineage studies and identification of diseases etc.
Several factors like well preserved micromorphol-
ogy, with small areas of localized demineraliza-
tion, lamellae integrity, compact appearance of
bone in scanning electron micrographs and high
collagen content has been correlated with pres-
ervation of DNA in archaeological bones (Coul-
son-Thomas et al, 2015). The authors analyzed
medieval human bone samples by transmission
electron microscopy, and observed intact intact
osteons and an apparently well-organized bone
matrix, containing molecules such as collagen
and osteocalcin. They were able to isolate DNA
from such samples and perform real time PCR
amplification of ancient DNA with fragments up
to 250 kb.

f) Study of Human Blood

Studying human blood is important in foren-
sic anthropology as well as in human genetics
and human health and nutrition and various
blood related human diseases etc. Also, blood is
the source of DNA extraction from particular in-
dividuals and used for comparative analysis.
These above mention areas can be studied by
using EM for detailed information and the meth-
od of preparation of blood sample for EM stud-
ies includes, immediately after collecting the
blood tissue from the subject is fixed with prima-
ry fixative and then followed by standard TEM
and SEM protocol for sample preparation to
study/view in both TEM and SEM. Interesting
recent applications of EM in the study of blood
stains on weapons and stones have been de-
scribed by Hortola (2012) where it was suggest-
ed that a variable pressure SEM working in low-
vacuum mode can be used fruitfully to detect
blood remains in medium-sized reed and bone
antique aboriginal artifacts. This procedure can
prospectively help ethnographic museum cura-
tors and aboriginal-art surveyors as an easy guid-
ing test in the valuation of antique traditional
weapons.
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Contribution of International Anthropologists

The contribution of anthropologist from
across the world in the above mentioned areas
of research by the sophisticated technique in
different peer-reviewed journals is considerable.
Apart from the use of traditional anthropometric
method along with a few biochemical test in the
field of anthropological research, anthropologist
today are also relying on EM technique for such
research and some of the significant studies in
these field are described.

Bartelink et al. (2001) studied the statistical
variation in cut mark width between control and
test samples on bone using a scalpel blade, par-
ing knife, and kitchen utility knife with the use of
SEM. Alunni-Perret et al. (2005) reported on their
macro and microscopy study of bone lesions
made by a sharp force instrument (a single blade
knife), and a sharp-blunt instrument classified
as a chopping weapon (a hatchet). Each weapon
was used on human bones where emphasis has
been placed on the value of SEM as an anthro-
pologist’s tool in bone lesion injuries because
the microscope facilitates analysis unachievable
with macroscopic methods. Some three-dimen-
sional characteristics are also not visible to the
naked eye were clearly defined with its use.

The use of TEM for structural and chemical
analysis of historical materials was described by
Fredrickx et al. (2003). In 17" century Kunckel
glass they reported colouring grains of iron ox-
ide (Fe,O,) nextto the expected gold (Au) parti-
cles. In parchments, the authors could elucidate
details of the fabrication process

Ubelaker (2009) mentioned that in recent
years, research and case experience have great-
ly augmented knowledge regarding the effects
of extreme heat on skeletal remains. As a result
of this effort, enhanced interpretation is now
possible on such issues as the extent of recov-
ery, reconstruction, trauma, individual identifi-
cation, size reduction, thermal effects on histo-
logical structures, color variation, the determi-
nation if remains were burned with or without
soft tissue, DNA recovery and residual weight.
The rapidly growing literature in this area of fo-
rensic science includes experimental research
that elucidates the dynamics of the thermal im-
pact on skeletal structure and morphology.

Long-lasting inflammation is a major prob-
lem in treatment after severe eye burns and may
find expression in an altered elemental composi-

337

tion of the conjunctiva. Particulate contamina-
tion of biological tissue induces such inflamma-
tory processes. In the anterior eye segment, trau-
ma or subsequent therapy may give rise to such
contamination. Scanning electron microscopy
analysis is able to detect traumatic residues of
submicron size and changes of the elemental
composition (Schirner et al. 1995). Koufakis et al.
(2006) had studied the ultrastructural appearance
of the conjunctival surface epithelium in patients
with Sjogren’ssyndrome compared with normal
subjects by using TEM and found that the ultra
structural morphology of the apical conjunctival
epithelium is altered in patients with Sjogren’s
syndrome. The findings suggest that an intact
ocular surface glycocalyx may play a key role in
the maintenance of a healthy ocular surface, pos-
sibly by preventing abrasive influences on the
apical epithelial cells.

Weyrich et al. (2015) have reviewed archaeo-
logical dental calculus research. The authors
state that scanning electron microscopy (SEM)
of archaeological human and animal dental cal-
culus samples was used to further identify food
particles and to record the first observation and
description of in situ calcified oral microbes by
Dobney and Brothwell in 1988. Further studies
revealed the extensive and ubiquitous presence
of well-preserved calcified microorganisms in
human calculus, and formed the first investiga-
tions into the ancient oral microbiome.

Christopher (2001) studied the microwear
evidence for a paleobotanically suggested
change in the types of foods that were consumed
by two temporally distinct populations of the
North American eastern woodlands. High-reso-
lution casts of adult mandibular second molar
protoconid phase Il wear facets were viewed via
a scanning electron microscope. A dietary tran-
sition is evidenced by a statistically signitcant
increase in the mean number of pits and con-
comitant decreases in scratch width and scratch
length from the Late Archaic to the Early/Middle
Woodland. Overall, the diet became harder and
less abrasive. In palaeo-anthropological research,
the relationship between diet, dental morpholo-
gy, and tooth use is biologically very significant.
Specifically, recent changes in our diets imply
adaptability to a new lifestyle, and direct conse-
quences of many contemporary health problems
can be found. In this context, scanning electron
microscopy (SEM) technologies in tooth enamel
exploration are an important tool for document-
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ing dietary habits in extant and extinct primate
species (Romero and De Juan 2012).

Jordi et al. (2006) analyzed SEM image reso-
lution and enamel surface feature definition of
tooth molds at various magnification levels. Re-
sults, through comparison with the original teeth,
show that both the negative molds and the pos-
itive casts are highly reliable in replicating enam-
el surfaces. However, positive cast quality is
optimal for SEM observation only till the fourth
consecutive replica from the original mold, espe-
cially at high SEM magnification levels.

Ancient DNA recovered from 16 Jomon skel-
etons excavated from Funadomari site, Hokkaido,
Japan was analyzed by Noboru et al. (2008) to
elucidate the genealogy of the early settlers of
the Japanese archipelago, providing direct evi-
dence for the genetic relationships between
these populations. It appears that the genetic
study of ancient populations in northern part of
Japan brings important information to the un-
derstanding of human migration in northeast Asia
and America. Morris et al. (2011) presented the
first structural analysis of the effects of auto
phosphorylation on the trimeric DNA-PK en-
zyme, performed by electron microscopy and sin-
gle particle analysis and observed a consider-
able degree of heterogeneity in the autophos-
phorylated material, which is resolved into sub-
populations of intact complex, and separate
DNA-PKcs and Ku, by using multivariate statis-
tical analysis and multi-reference alignment on a
partitioned particle image data set. Bell et al.
(2012) directly visualized the sequence of DNA
molecules using electron microscopy. This re-
port represents the first identification of DNA
base pairs within intact DNA molecules by elec-
tron microscopy. Image contrast is further en-
hanced by using annular dark-field scanning
transmission electron microscopy.

Nikfarjam et al. (2003) provided ultrastruc-
tural details of the blood supply of colorectal
liver metastases and their association with the
portal vein and hepatic artery. This study con-
cluded that SEM provides useful additional in-
formation on the morphological features of tu-
mour vasculature. Depault et al. (2006) studied
the genotoxic effects of potassium chromate
(K,CrO,) and cadmium chloride (CdCl,) in human
blood lymphocytes in vitro as measured by the
electron microscopy in situ end-labeling (EM-
ISEL). This study brings new information on the
utility of EM-ISEL for the evaluation of genotox-
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icity and confirms the genotoxic effects induced
by chromium and cadmium. Fibrinogen is the key
to the maintenance of hemostasis and is an acute
phase protein that is part of the coagulation cas-
cade of proteins. It plays a fundamental role in
inflammation, particularly as indicator for a pro
inflammatory state and is a prominent marker for
developing vascular inflammatory diseases. Cur-
rent research therefore investigates the estab-
lishment of a laboratory fibrinogen model to study
that might mimic fibrin fiber generation that is
achieved using plasma from healthy and diseased
individuals. The ultrastructure of fibrin nets can
be studied using scanning electron microscopy
(SEM) with the addition of thrombin to plasma
(Pretorius et al. 2013). In inflammatory conditions
such as thromboembolic ischemic stroke and di-
abetes, the fibrin networks are changed to from
dense matted fibrin deposits (DMDs) instead of
typical netlike appearance. Author concludes that
SEM is a very effective tool for the visualization
of circulatory consequences of the interaction
of iron-induced hydroxy| radicals with human fi-
brinogen. Studies of human bloodstains on non
biological materials have been previously car-
ried out using a high-vacuum scanning electron
microscope (HV-SEM) in secondary-electron
mode without any sample treatment by Hortola
(2013) to assess whether biological substrates
can affect the morphology of human erythrocytes
in bloodstains, three fragments of different bio-
logical material (bone, shell, and wood) were
smeared with peripheral human blood. The ob-
tained results suggest that HV-SEM is suitable
for examining untreated bloodstains on biologi-
cal substrate.

Research in India

The use of EM techniques in anthropologi-
cal research in India is not very extensive, al-
though researcher from other various disciplines
like biological and physical science has made
notable contribution of research using this
technique.

There are a number of biological studies like,
on human blood, human DNA, health and nutri-
tion, human conjunctiva etc. in India using Elec-
tron Microscope. For example, in 1993, a team
(Dinda et al. 1993) from department of patholo-
gy, All India Institute of Medical Sciences, New
Delhi had conducted a study on the tumor mi-
croblood vessels (MBVSs) of 25 cases of gliomas
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of varying grades and compared with those in
peritumoral region using both transmission and
scanning electron microscopy (TEM and SEM).
To determine the morphology and mineralization
of Sharpey’s fibers in bundle bone of humans
with reference to interdental area- Ranjith et al.
(2005) has taken human interdental alveolar bone
between mandibular 1*tand 2™ molar teeth and
observed under scanning electron microscope
(SEM). Sen (2006) studied conjuctival tissue in
ocular leprosy. Emphasis in this study was on
ultra structural (Cyto-skeletal) changes of con-
junctiva, the most superficial (but vital) ocular
structure which have to bear the brunt of many
diseases, affecting the eye. The author suggests
that studies of the cells and bacteria of the trans-
mission electron microscopic level have fascina-
tion not only for the sake of knowledge on this
complex syndrome, but also for long term pre-
ventive measures. To elucidate morphological
changes in red blood cells in patients of skeletal
fluorosis living in endemic fluoridated areas, the
cross sectional study was conducted at Bathin-
da region of Punjab, India by Aggarwal and
Meenakshi in 2012. The SEM analysis revealed
multiple discrete blisters on the surface of red
blood cells, and formation of hypochromic red
cells, leptocytes, stomatocytes, spherocytes,
schistocytes, keratocytes, degmacytes, and dac-
rocytes in patients afflicted with fluorosis. A pa-
per by Misra et al. (2012) deals with the electron
micrographs of the enzyme-DNA complex which
shows the enzyme as a blob with DNA looping
out of it, but they are unable to determine the
configuration of the DNA within the blob.

However, no extensive studies have been
performed by the Indian anthropologist so far.
The biological anthropologist, evolutionist, ar-
cheologist and palaeo-anthropologist has not
attempted studies by using EM in anthropolog-
ical research like, genetics, health and nutrition,
forensic anthropology, palaeo-anthropology, etc.
where EM can be used to get information in a
broader way.

CONCLUSION

Electron Microscopic study in various an-
thropological researches is valuable for detailed
information. Anthropologists, especially in In-
dia, are yet to take advantage of this analytical
technique in a significant way. Further, this study
would like to bring the attention of the anthro-
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pological scholars to conduct researches and
explore this new site of applied anthropology
where, seminar/workshop in this regard may also
provide more information and awareness.

RECOMMENDATIONS

No single analytical technique can solve all
the research problems. Each technique has its
particular advantage. Method of sample prepa-
ration for EM study of anthroropologic speci-
mens and samples may be the same as for other
biological/physical samples or maybe suitably
modified. This itself can be an important research
contribution by the anthropologist. The author
would like to propose the introduction of analyt-
ical techniques like electron microscopy in the
university curriculum of anthropology courses
in India. Practical portion of such courses may-
be readily conducted at the regional sophisticat-
ed instrument centres.
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