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Abstract

The application of Field Emission Scanning Electron Microscopy and Energy
Dispersive X-Ray (FE-SEM/EDX) for the characterization of biological samples can (ﬁ:duce
promising results for classification purpose. The limitations of the established sample
preparation technique of cervical cells for FE-SEM/EDX study that differentiate between
normal and abnormal cells prompted the development of a proposedérotocol for the
preparation of cervical cells. The proposed protocol was conducted by a McDowell-Trump
fixative prepared in 0.1M phosphate buffer without osmium tetroxide at 4°C for 2 h in the
fixation process. Morphologically. the cervical cells scanned under the FE-SEM/EDX did not
present blackening effects, and the structure of the cells was not broken based on the FE-SEM
images. Quantitatively, the possible elemental distributions in the cells, such as carbon,
nitrogen, oxygen, and sodium, are detected in samples prepared by the proposed protocol. The
analysed elements were validated using the Attenuated Total Reflection and Fourier Transform
Infrared (ATR/FTIR) spectroscopy. Moreover, by avoiding osmium tetroxide fixation, the time
required for sample preparation decreased significantly. This sample preparation protocol can
be used for normal and abnormal cervical cells in achieving better resulis in terms of
morphological, detected elemental distribution, and rapid in time.
Keywords: Optical Engineering: Scanning Microscopy: Optical Properties; X-Rays: Infrared
Spectroscopy: Image Quality.




1 Introduction

The applications of optical systems and technologia to biology and medicine have
shown promising results in worldwide disease prevention.' Field Emission Scanning Electron
Microscopy and Energy Dispersive X-Ray (FE-SEM/EDX) is one of the optical tools to
characterize materials in terms of morphology and elemental characteristics. FE-SEM/EDX
has been appliﬁ in various biological material studies including cells, bacteria, fungi, and
chromosomes. Assessment of very small topographic details on the surface of whole or
fractionated objects is important in the ficld of modern materials science.® ¢ The assessment of
the topographic details of the objects is crucial to material characterization, and to understand
the mechanism and mode of the ob_ieﬂ formation. In addition. the FE-SEM/EDX allows
evaluation and prediction of the object under a given set of environmental or load conditions
since it produces the highest resolution and best contrast images that illustrates the finest
structural features of the object.

I-Bwever, sample preparation is a critical step during FE-SEM/EDX data acquisition
procﬁs. Improper preparations of organic and inorganic samples usually manifest problems
(i.e. charging effect due to accumulation of electrons on the scanned area of sample and local
radiation damage of the sample induced by energetic electrons through different mechanisms
such as decomposition, sputtering, sublimation, ionization, diffusion, or transformation) that
could affect the assessment process.’

Some researchers have investigated sample preparation for certain cells. The biological
iimple preparation for SEM imaging of porcine retina has been examined by comparing
Critical Point Drying (CPD), Hexamethyldisilazane (HMDS), and direct imaging using
Environmental SEM (E-SEM). The research conﬂuded that HMDS technique was the best
technique applied for porcine retina. Meanwhile, preparation protocol for differentiated stem
cells has been proposed by applying methanol in the dehydration process.® However, the

protocol was only applicable to differentiate cells.

In our previous study. although osmium-HMDS technique produced good results of
cervical cells in the morphological and elemental characteristics of the cervical cell as
compared to osmium-CPD technique. the former still has limitations as addressed in our

previous study.? Plate artefacts as the morphological sign of cell deterioration and low detection




of elements in the cervical cell hﬁ-'e appeared as a disadvantage of the osmium-HMDS
technique. In order to overcome the problems, effective sample preparation techniques and low
voltage scanning electron microscope are required to improve image quality and detect

elemental distribution for characterizations.'% !!

In principle, the sample preparation for biological specimen requires three major steps:
fixation, dehydration, and drying proces& For the fixation step, osmium tetroxide for the FE-
SEM/EDX technique is normally used. All the previous protocols used for the SEM analysis
have used osmium postfixation, as it is known to yield the best possible membranc
preservation.'? Osmium postfixation. dehydration using ethanol. and drying using the HMDS
techniques have been chosen in our previous study to obtain better quality of cervical cells in
terms of qualitative an&quantitative than the osmium postfixation, long chain ethanol series,
and CPD techniques.” However, osmium postfixation is known to produce blackening of the
specimens,'? especially lipid contents in the cell, ™ resultinga reduced differences in contrast
and 3-D character of the dﬁeren[iated cells.® Therefore, by avoiding the use of toxic osmium
tetroxide for postfixation. we have developed a protocol for the preparation of cervical cells
for FE-SEM/EDX analysis, which is safer and cost effective in order to be used as the first step

in our study.

In this chapter, we report the investigation of morphology structure of the surface and
element contents in cervical cells using FE-SEM/EDX based on the developed protocol for
sample preparation. Our protocol approach provides a simple, rapid, cost-effective, easy, and
convenient route to obtain the amount of elements of the microstructure. Materials and methods,
results. discussions, and conclusion sections are presented in Sections 2, 3. 4. and 35,

respectively.
2 Materials and Methods

The description of our material and methodology of the research is presented. In this
study, cervical tissue and/or cells (namely cervical samples) were used to test the proposed
protocol. Similar cervical samples were used as materials in this research to cvaluate the
capability of sample preparation techniques. The comparison of our previous technique in °

and the proposed protocol was conducted for testing the effectiveness.




After preparation, the samples were tested using the FE-SEM/EDX and Attenuated
Total Reflection and Fourier Transform Infrared (ATR/FTIR). In the FE-SEM/EDX testing,
the samples were placed in a low vacuum chamber of FE-SEM/EDX to observe different
effects of both techniques in terms of morphological and elemental characteristics of the
samples used. FTIR analysis was used to investigate the compositional characteristics in the
cervical samples to determine results validity of the elemental characteristics obtained from

FE-SEM/EDX technique.
2.1 Materials

In this research, cervical samples used to check the capability of the proposed protocol
were taken from the rest of diagnosed cervical cells by pathology at University Malaya Medical
Centre (UMMC). The Medical Ethics Committee (MEC) of the UMMC has approved the
collection of the Thin Prep vials from pathology department. These Thin Prep vials were from
underwent routine cervical screening for cervical precancerous cells of patients in 2015, The
samples used in this study consisted of 10 normal and 10 abnormal cervical celaamples to test
the capability of the protocol for both normal and abnormal cells. The samples were kept in the
refrigerator from contamination until they were used. For the next process, these samples were
sent to various laboratories in the Faculty of Dentistry, University of Malaya., Kuala Lumpur

for the sample preparation and capturing image process using FE-SEM/EDX.
2.2 Methods

A protocol for the cervical samples preparation has been proposed in order to maintain
the natural morphological structure and physical characteristics of the cervical samples (tissue
and/or cellshln this study, the proposed sample preparation technique was employed with three
main steps. In the first step, the specimens were fixed in a McDowell-Trump fixative prepared
in 0.1M phosphate buffer or cacodylate buffer (pH 7.2) at 4°C for 2 h and then washed twice
with 0.1% of a Phosphate-Buffered Saline (PBS) for 10 min each time. For the dehydration
process, a series of ethanol dilution dehydration series were implemented at 50%, 75%. and
twice at 95% for 15 min cach time, and 3 times at 100% with an equilibration step of 20 min
each time. In the drying process. the dehydrate specimens were immersed in 1-2 mL of HMDS
for 10 min. the HMDS was then decanted into the specimen vials and put into the desiccator

and left to air dry at room temperature. The final process was to mount the dried specimens on




circular stainless steel molds, coated with 10 nm of pure gold in a vacuum sputter coater, and
kept in a desiccator or under vacuum at all times before they were viewed under FE-SEM/EDX.

This proposed technique is called the No Osmium HMDS technique.

This research used E-SEM with brand Quanta Field Emission Gun (FEG) 250 SEM.
The FE-SEM provides flexibility and versatility to handle the challenges of today’s aide
ranging research needs. In both sample preparation techniques, the capturing of the FE-SEM
'Hlage was implemented in the same working distance (10 mm) and done under low vacuum
to produce optimal imaging condition and this distance is useful for avaage voltage range (5
to 20 kV). Since the overarching goal of the study was to investigate biological samples, as
well as cervical samples to achieve high-resolution imaga at high magnifications, FE-SEM
was operated at low voltage (10 kV for cervical samples). Elevation, tilt, and azimw degrees
in the data acquisition were set up for 35°, 0.01° to 0.5°, and 0°, respectively. Both In-Lens (I-

L) and Everhart-Thornley (E-T) detectors were used to create the image.
2.3 Characterization and analytical methods

To investigate the capability of the proposed sample preparation technique. previous
sample preparation techniques were considered for comparison as presented in Figure 1. As
claimed in our previous study, the Osmium HMDS technique presented better qualitative and
quantitative results compared to the Osmium CPD technique.” However, based on another
previous study, the blackened specimen was produced when the osmium was applied on the
sample.® The blackening has a possibility to affect the elemental composition of the specimen.
In the proposed technique. the fixation step was modified where the osmium fixative was

prevented due to some problems affecting the cervical cells.®

The fixation step was to use the Gluteraldehyde for 1 hour.d)ehydration and drying
process are done similar to our previous study * where seven ethanol series lﬁ 15 minutes each
for the four first series and 20 minutes each for the next series then rinsed 1-2 ml HMDS for
10 minutes decanted the HMDS from the speciens and air-dried at room temperature as
presented in Figure la and 1b. The modified fixation, dehydration and drying steps are

presented in Figure 2b.




In this paper, the osmium HMDS and no osmium HMDS techniques (further called as
Osmium and No Osmium techniques, respectively) were compared in terms of qualitative and
quantitative results. The qualitative analysis focused on the effect of osmium showed on the
FE-SEM imﬁes and the quantitative analysis was based on the corresponding EDX elemental
distribution of the cervical cells in the FE-SEM images.

~\
sGluteraldehyde 2 hours -n.lteraldehvde 1 hours
Old *0Osmium tetroxide 1 hour Modified Beccua-mmra e
Fixation Fixation y,
~\
*7 ethanol series in 15 minutes *7 ethanol series in 15 minutes
each for four first series and 20 each for four first series and 20
minutes each for the next series . minutes each for the next series
Dehydration
J
erinse 1-2 ml HMDS for 10
erinse 1-2 m| HMDS for 10 minutes minutes
sdicant the HMDS from the sdecant the HMDS from the
specimens and air-dry at room Drvi specimens and air-dry at room
Drying proces: MR ES TYINE PrOCES: T
a. Osmium HMDS (old technique) b. No-Osmium HMDS (proposed

technique)
Figure 1: The difference of fixation process for both osmium HMDS and no osmium HMDS

techniques
2.3.1 Microstructure analysis

Based on the qualitative resulﬁ‘_ the comparisons of both techniques were presented in
terms of cell attachment in the tissue, morphologic signs of cell deterioration (i.e. plate artefacts
and crystals of the cells), and blackening of the specimens for the normal and abnormal cell
classes.!” The visual comparison of FE-SEM images was viewed when captured in 1,000 to
10,000x magnification to investigate the region of interest. The existence of blackened
specimens, level of cell attachment and morphological sign of cell deterioration were presented

clearly in 5,000-10,000x, 1,000-3,000x, and 3.000x-10,000x magnification, respectively. The
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existence of the bacteria and virus in the samples was not used for microstructure analysis of
the sample preparation performances. The bacteria and virus might be available in the cervical

samples as presented in the pathology diagnosis.
2.3.2 Elemental analysis

The effect of osmium on the elemental distribution in cervical cells was analysed using
FE-SEM/EDX. For the FE-SEM/EDX analysis, an accelerating voltage of 10~20 kV was used
with a scan time of 60 s per sampling area. An example of the elemental distribution in the
surface of cells (i.c. cell diameter: 3pum to 6um) scanned by FE-SEM/EDX equipment and
INCA software is presented in Figure 2. The quantitative results bﬁd on FE-SEM/EDX
clemental distribution in the pink box areca were compared for both techniques in terms of
weight and atomic percentage. The possible elements in the cells were used in the analysis of
this study as presented in the previous studies.'® '” The rest of the elements which can be

coming from the coating material was ignored.

Elements Weight%  Atomic%

C 45.81 72.46
N 541 7:33
O 13.47 15.99
Na 0:53 0.44
Y 3.64 0.78
Au 3145 3.00
Total 100

Figure 2: Example of data acquisition on the surface of the cervical samples

2.3.3 Compositional analysis

Spectrum One FTIR (Perkin Elmer, Waltham, MA. USA) with a PIKE GladiATR
Attenuated Total Reflectance (ATR) accessory (PIKE Technologies, Madison, WI, USA) was
used for the compositional analysis of cervical cell samples to examine the chemical compound
in the cells as a supporter for FE-SEM/EDX elemental distribution. The cervical cell samples

were dried on a microscope slide and the dried samples were scraped and placed in the FTIR




specimen holder. The spectra were recorded in range of 2.000-800 cm™!. Prior to comparison.
baseline correction and normalization were performed. The main peak located around 1900

and 1000 cm™ was closely observed for the cervical cell compound.
3 Results

In this section, the results of normal and abnormal cervical cells were used to analyse
the effect of the presence of osmium in the sample preparation techniques for FE-SEM/EDX.
ahree types of analyses (i.e. FE-SEM images, FE-SEM/EDX spectrum, and FTIR spectrum)
were presented for the qualitative and quantitative analysis. For FE-SEM images analysis, one
sample of normal cervical cells FE-SEM images in five level magnifications based on both
osmium and no osmium techniques were observed and compared in terms of cell attachment
on the tissue, blackening of the specimens, and morphological signs of cell deterioration as
presented in Figure 3. The abnormal cell samples based on both osmium and no osmium
techniques were also compared based on the same qualitative terms in different magnifications
as presented in Figures 4. For quantitative analysis, FE-SEM/EDX normal and abnormal cell
spectrum results from both the osmium and no osmium techniques were presented in Tables 1
and 2 respectively. The composition of elemental distribution existed in the cervical cells was
compared in terms of weight and atomic percentage. The composition of the synthesized
cervical cell chemical compound was determined by FTIR spectroscopy in the range of 2000-
800 cm™.




3.1 Field emission scanning electron microscopy
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Figure 3: Comparison of normal specimen images using osmium HMDS (left) versus no
osmium HMDS (right) techniques
Note: A=1,000x magnification, B=3,000x magnification, C=5,000x magnification,
D=8.000x magnification, E=10,000x magnification. Purple, red, green. light blue, orange
arrowheads refer to higher degree of cell attachment, plate artifact, membrane deterioration,
crystals, and blackening effect, respectively. The same types of samples were prepared for
both osmium HMDS (left) and no osmium HMDS (right) techniques by an accelerating

voltage of 10~20 kV in the same working distance 10 mm.

The normal cervical cells prepared using the osmium and no osmium techniques are
presented in Figure 3. The FE-SEM images of the normal cells were presented in several
afferent magnifications (i.e. 1.000x. 3.000x, 5,000x, 8.000x, and 10.000x magnification).
Based on the FE-SEM images. the morphological effects of the cervical cell were compared
between the osmium and no osmium techniques. In terms of cell surface interaction® there was
a higher degree of cell attachment to the tissue in the sample of no osmium HMDS technique
compared to the sample of osmium HMDS technique as presented in images with 1,000-3,000
magnification referred by the purple arrowhead in Figures 3A and 3B respectively. The cells
on the osmium-HMDS technique samples were not attached to the tissue. The tissue that was
not attached to the cells existed as the plate artefacts for the osmium HMDS technique as
presented in Figure 3A and referred by the red arrowhead. The membrane deterioration was
detected in the osmium HMDS technique referred by the green arrowhead. Meanwhile, the
crystals of the cells were formed in the normal cervical cell prepared by osmium HMDS
technique referred by the light blue arrowhead in Figures 3B to 3E. The crystals of the cells
were absent from the normal cell prepared by no osmium HMDS technique as shown in Figures
3B to 3E. When compared to the images from the no osmium technique. images of the osmium
technique showed morphological blackening of the cell specimen as presented clearly at 8,000x
(Figure 3D) and 10,000x magnification (Figurc 3E) (i.c. red circles referred by light orange

arrowhead).
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Figure 4: Comparison of abnormal specimen images for osmium HMDS (left) versus no

osmium HMDS (right) techniques

Note: A=1,000x magnification, B=3,000x magnification, C=5,000x magnification,
D=8.000x magnification, E=10,000x magnification. Purple, red. green. light blue and orange
arrows refer to degree of cell attachment, plate artifact, membrane deterioration, crystals,
and blackening effect, respectively. The same types of samples were prepared for both
osmium HMDS (left) and no osmium HMDS (right) techniques by an accelerating voltage

of 10~20 kV in the same working distance 10 mm.

In the abnormal cervical cells, there was a higher degree of attachment to the abnormal
cell to the tissue in the sample for the no osmium HMDS technique as shown in images with

1,000-3,000x magnification compared to the osmium HMDS technique as referred by purple

13




arrowhead presented in Figures 4A and 4B. The tissue that was not attached to the cells
appeared as plate artefacts in the specimen of osmium HMDS technique as shown in Figure
4A referred by a red arrowhead. The membrane cell deterioration detected was referred by the
green arrowhead as presented in Figures 4C to 4E. By referring to the light blue arrowhead in
Figures 4B to 4E, the crystals of cells existed in the cells prepared by the osmium HMDS
technique. The blackening effect of the osmium technique is clearly presented in Figures 4D

and 4E on the cells referred by the red circles and orange arrowhead.

3.2 Energy dispersive X-ray

Thegg are organic elements in the cells detected at low energy voltages. This study has found
the Carbon (C), Nitrogen (N). Oxygen (O). Sodium (Na), Magnesium (Mg), Calcium (Ca),
Copper (Cu). Aluminum (Al). Silicon (Si), Yttrium (Y)., Zinc (Zn). Chlorine (Cl). Iron (Fe).,
Potassium (K), and Titanium (Ti) elements in the cervical cells by using the FE-SEM/EDX
technique. As presented in our previous study, there were several elements not detected for all
samples.’ In this study. Cu, Al, Si. Y. Zn. Cl. Fe. K. and Ti elements were not detected in 50
to 80% of all used samples and detected only in 0.01 to 0.05% of the used samples. Thus, the
elements were ignored and cannot be used for analysis in this study due to the elements being
used as features. In addition, based on the previous studies. C, N, O, Na, and Ca were used for

16, 17

their analysis. Therefore, only five elements (i.e. carbon, nitrogen, oxygen, sodium, and

calcium) were used for comparison to test the capability of our proposed protocols.

The distribution elements on the same cervical samples were detected to be different
between samples prepared on the osmium HMDS and no osmium HMDS techniques. Table 1
presents the comparison of the elements in normal cervical cells for the osmium HMDS and
no osmium HMDS techniques. In this study, the comparison of elemental distribution was
applied in terms of weight and atomic percentage. The effect of the osmium for the elemental

distribution in the sample was analyzed in both normal and abnormal cells.
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Table 1: Comparison of elemental distribution for osmium HMDS and no osmium

HMDS for 10 normal cervical cell samples

Weight % Atomic %
Osmium No Osmium Osmium No Osmium

HMDS HMDS HMDS HMDS
Carbon 474+ 48 42.2+ 0.4 643+7.8 65.9+ 1.07
Nitrogen 0.0+ 0.0 95+ 0.8 0.0+ 0.0 12.7£ 09
Oxygen 299+ 6.5 15.1+ 0.7 30.2+ 5.6 17.6+ 0.6
Sodium 0.0+ 0.0 0.8+ 0.3 0.0+ 0.0 0.6+ 0.3
Calcium 3.6x4.1 0.0+ 0.0 1.9+ 2.4 0.0+ 0.0

Based on Table 1, the distributions of five elements for 10 normal specimens differed
significantly bea‘een the cells for the osmium HMDS and no osmium HMDS techniques.
Meanwhile, in terms of weight percentage., the percentage of carbon, and oxygen were
significantly higher for the osmium HMDS than no osmium HMDS techniques. However,
nitrogen and sodium did not exist in the osmium HMDS technique. whereas all aese clements
existed in the no osmium HMDS technique. However, the calcium element was detected in the
osmium HMDS technique and was not detected in the no osmium HMDS technique. Based on
these findings it can be concluded that for the normal cervical cells, the existences of the
nitrogen and sodium elements were corrupted and the calcium element was detected in the

osmium HMDS technique for both weight and atomic percentage terms.

As tabulated in Table 2, the same elements also existed in different portions of weight
and atomic percentage &)r 10 abnormal cell samples. The trend of t& results was quite similar
to the normal samples. Carbon and oxygen elements in the osmium HMDS technique appeared
higher than the elwents in no osmium HMDS technique. Meanwhile, nitrogen and sodium
elements were not detected in the osmium HMDS technique. The calcium element was detected
in the osmium HMDS technique. Therefore. by using the osmium HMDS technique, the
existence of the nitrogen and sodium elements was also corrupted and the calcium element was

detected in the abnormal cervical cells for both weight and atomic percentage terms.
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Table 2: Comparison of elemental distribution for osmium HMDS and no osmium

HMDS for 10 abnormal cervical cell samples

Weight % Atomic %
Osmium No Osmium Osmium No Osmium
HMDS HMDS HMDS HMDS
Carbon 674+ 44 51.0£62 783+ 1.0 739+ 73
Nitrogen 0.0+ 0.0 87+1.2 0.0+ 0.0 109+ 1.2
Oxygen 237+ 24 142+ 1.5 20,6+ 1.1 155+ 1.6
Sodium 0.0£0.0 0.7£0.2 0.0£0.0 0.5£0.1
Calcium 0.4+ 0.2 0.0+ 0.0 0.1+ 0.1 0.0£0.0

For further detailed analysis, the comparison of elemental distribution in normal and
abnormal cervical cell samples was carried out to examine the effect of osmium in the sample
preparation techniques. Based on Table 3, for the no osmium HMDS technique, four elements
(i.e. carbon. nitrogen. oxygen, and sodium) were detected in both normal and abnormal cervical
cells. However, for the osmium HMDS technique, three clements were detected (i.c. carbon,
oxygen, and calcium) in the normal and abnormal samples. Based on Tables 1. 2, and 3. the
existence of the nitrogen and sodium elements was only detected in the no osmium HMDS
techniques. Meanwhile, the existence of calcium element was only detected in the osmium
HMDS technique.
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Table 3: Comparison of elemental distribution in normal and abnormal cervical cell
samples for examining the effect of osmium and no osmium techniques in sample

preparation in terms of weight (%)

No Osmium HMDS Osmium HMDS
Normal Abnormal Normal Abnormal
Carbon 422+ 04 51.0+£6.2 474+ 4.8 674+ 44
Nitrogen 9.5+ 0.8 8.7+ 1.2 0.0+ 0.0 0.0+ 0.0
Oxygen 151+ 0.7 142+£15 299+ 6.5 23724
Sodium 0.8+ 0.3 0.7+ 0.2 0.0+ 0.0 0.0+ 0.0
Calcium 0.0+ 0.0 0.0+ 0.0 3.6+£4.1 0.4+ 0.2

3.3 Fourier transform infrared spectroscopy

The results of the FTIR analysis for cervical cells in normal and abnormal cases are
presented in Figure 5. Based on Figure 5. C=0, C=C. C=N and N=0 at the frequency of 1.900-
1.650 cm’, 1,780-1,650 cm™', 1,700-1,430 cm'lexistedd'n different values as spectral features
for the normal and abnormal cervical cells. It showed typical spectral features of a glycogen-
rich with strong 1151, 1078, and 1028 ¢m! bands due to coupled C-O and C—C stretching, and
C-O-H deformations m(a'ons of glycogen. The normal cervical cell samples were presented
by the blue lines and the abnormal cervical cell samples (i.e. LSIL and HSIL) were presented
by the black and the red lines. As stated in the previous study, based on the absorbance, the
intensity peak values, corrected area under the peak values, and shift of the frequency value for
the detected peak were used as features in the previous research to differentiate between the

normal and abnormal cervical cells.'® !
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Figure 5: FTIR analysis of normal and abnormal cervical cells spectra to validate the
clemental distributions of the FE-SEM/EDX results

4 Discussions

Both the osmium HMDS and no osmium HMDS techniques can provide morphological and
elemental characteristics of the normal and abnormal cervical cells performances in terms of
qualitative and quantitative results. Although the osmium HMDS technique has produced good
results of the cervical cells in the morphological and elemental characteristics, the limitations
of osmium HMDS technique as presented in our previous study® could be reduced by no
osmium HMDS technique as presented in Section 3.1. Plate artefacts and undetected elements

still appeared and occurred in the osmium HMDS technique.

After the proposed protocol had been applicd by avoiding osmium tetroxide in the
sample preparation technique, potential results were obtained in this chapter. The

morphological characteristics of cell deterioration (i.e., different degree of cell attachment,
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plate artefacts, membrane cell deterioration. crystals of the cell, and the existence of blackened
specimen) were evaluated for the normal and abnormal cells images presented in Figures 3 and
4. Both normal and abnormal cervical cells attached to the tissue, thus the topological structure
can be shown clearly. Due to a high degree of cell attachment, plate artifacts did not form.® The
membrane cell deterioration and crystals of cells were not found in the prepared specimen. The
cells have no blackening effect in the prepared specimens. Meanwhile, for the osmium HMDS
technique, lower degrees of cell attachment for both techniques were caused by osmium
tetroxide. Unattached cells to the tissue were probably produced due to the chemical reaction
of osmium with tissue. Thus, this incident produced plate artifacts from the drying portion of
the tissue as sign of the cell deterioration. The existences of the membrane cell deterioration
were detected due to the broken lipid content in the cells. The broken and eroded lipid content
from the membrane cell was caused by osmium tetroxide.® The crystals of the cells can happen
due to the hardening of the cells. The blackened specimens were produced in the normal and
abnormal cells. As stated previously, the blackening of specimens was avoided in stem cell
research.® '3 They have avoided using the osmium tetroxide on the specimens. Thus, it can be
concluded that the morphological characteristics of cell deterioration were caused by osmium
tetroxide. Therefore, the no osmium HMDS technique produced better and effective results to
be applied in both normal and abnormal cervical cells protocol in terms of morphological
characteristics.

As presented in the pra’ious section, the elemental distribution of the cervical cells
found in this study consists of C, N, O, Na, and Ca elements at the energy voltage regions of 0
keV to 10 keV. The results showed that the normal and abnormal cells had C, N, O, and Na
elements in the no osmium HMDS technique. whereas Ca appear&l in the osmium HMDS
technique. As stated in other relevant researches. the presence of C., O, and N elements are
mainly due to the presence of cholesterol and protein concentrations. '® The presence of Na and
Ca elements in the cervical cell samples are due to glucose in the cytoplasm of cervical cells.!”
The composition of the Na element in the cytoplasm was higher than the content in the nucleus
of the cells. The Ca element in the cytoplasm was lower than in the nucleus.!” Meanwhile. the
membrane cell (i.e. on the high side layer of the cytoplasm) broke when the osmium tetroxide
was applied on the specimen. Thus, these conditions probably caused the detection of Ca
element in the cytoplasm due to the broken membrane layer. Therefore, the existence of
calcium in the osmium HMDS technique was probably mediated by osmium tetroxide.

Osmium tetroxide is characterized by the blackening of lipid content in the cells with
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subsequent loss of membrane potential.® Thus, Ca element increased and N and Na elements
decreased and were lost from the cells.'” Based on Table 3, in the osmium HMDS technique.
Ca element in the normal and abnormal cells was detected. C, N. O, and Na elements have been
detected for no osmium HMDS technique. Therefore, in this study, it is believed that Ca
element was formed due to the presence of osmium tetroxide in cervical cells, which caused

the loss of membrane potential.

Based on Table 3, by using the no osmium HMDS technique, the carbon content was
higher in the abnormal than normal cervical cell samples. Meanwhile, nitrogen, oxygen and
sodium elements were higher in the normal cell samples than abnormal cell samples. As a
preliminary investigation, the carbon, nitrogen, oxygen, and sodium elements can be used to
characterize the normal and abnormal samples.

Thus. based on these conditions. the no osmium HMDS technique is better than osmium
HMDS technique in terms of elemental characteristics. The possible elements contained in the
cervical cells can appear simultaneously using the no osmium HMDS technique. These
elements might be used as the cervical cell characteristics between the normal and abnormal
cervical samples. Meanwhile, by applying the osmium HMDS technique, the accuracy of the

sample characteristics is doubted due to additional elements formed using osmium tetroxide.

The accuracy of cervical cell elements in the previous elemental distribution analysis
by FE-SEM/EDX technique has been supported by the FTIR analysis with the presence of C=0,
C=C, C=N and N=0 in the protein region at the frequency of 1900-1650 cm™', 1780-1650 cm"
!, 1700-1430 cm™, respectively as shown in Fi&ll‘ﬁ 5. In the glycogen/nucleic acid region at
1200-1000 cm’!, FTIR detected glycogen-rich with strong 1151, 1078, and 1028 cm™ bands
due to coupled C-O and C—C stretching, and C—O-H deformations motions of glycogen in the
normal cervical cells. These facts have been proven in previous studies.?” *! It means that the
detected C, N, and O elements in the cervical cells prepared by applying the no osmium HMDS
technique using FE-SEM/EDX are true and similar with FTIR results. Meanwhile, the osmium
HMDS technique failed to detect the existﬁlce of N element in the cervical cells. Thus, the no
osmium HMDS technique can be claimed as a better sample preparation technique for cervical

cells either for normal or abnormal cells. In addition, the total processing time when the no
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osmium HMDS technique was applied was shorter than the other techniques (3 and 5 hours,
respectively) as presented in Figure 1. Therefore, it can be applied for sample preparation

technique for further use in our study.

For the suggestion to researchers for the future study, the proposed sample preparation
protocol is expected to be applied to other epithelial cells in the human body and can be used
to characterize the normal and abnormal cells. The use of proposed protocol in a wide scope of

human cells can be conducted for further study.
5 Conclusions

The enhancement of imaging results and detection of elemental distribution of normal and
abnormal cervical samples under the FE-SEM/EDX application was achieved better by using
a proposed than published protocol. The proposed protocol has shown good quality of
morphological characteristics as presented in the FE-SEM images, good capability of detecting
clemental distribution in cervical cells, and shorter processing t'ﬁ'le. Therefore, the proposed
protocol can be determined as an effective technique for the cervical cells FE-SEM/EDX
analysis, which is safer, as well as rapid and cost effective. The effectiveness of the sample
preparation technique is important to be applied as a fundamental step in the development of

cervical cancer screening tool.
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