i{{® MedCrave

Step into the Wonld of Research

Forensic Research & Criminology International Journal

Research Article

different staining techniques

Abstract

The identification of epithelial cells in sexual offenses has faced difficult times over the
past two decades in forensic science. For this reason there has been a demand for a method
that can conclusively distinguish between epithelial cells since they have been known to be
morphologically similar in their structure according to previous research. This study was
aimed to develop a technique using histological staining methods try to, and distinguish
between penile and buccal cells from a sexually assaulted victim perspective. Samples were
collected from male and females and stored according to the Human Tissue Act (2003).
The first 20 samples, each cell type was extracted using water, centrifuged then pelleted on
to microscopic slides. The slides were then placed onto hotplate at 50°C for 2 minutes to
dry and left overnight to cool. Each staining method, Lugol’s lodine, Papanicolaou (Pap)
and Haematoxylin and Eosin (H&E) stain was applied to three slides for buccal and penile
cells to observe the cells under a high power microscope (400x). Separate 20 samples were
smeared onto slides and then stained using the staining procedures. Extracted cells with
water did not produce any positive stained cells after staining but smeared cells showed
positive stained cells with a total of 515 cells. Lugol’s Iodine did not indicate positive
stained penile cells but 13 positive stained buccal cells were found. Pap Stain had 18
positive stained buccal cells with no positive stained penile cells. H&E had 120 positive
stained buccal cells and negative for penile cells. When the two cells were combined, Pap
stain showed presence of 71 unknown positive stained cells which could be indication of
penile cells and 108 positive stained buccal cells. Cells combined with H&E stain had 185
buccal cells but did not detect any penile cells. These results suggested that Pap Stain was a
successful histological staining method for distinguishing between penile and buccal cells
and could potentially be used in the near future for sexual offenses in forensic casework
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Introduction

Many countries in the 1970s introduced reforms in rape law with
differing focus and extensiveness and along with these reforms, the
descriptions of rape and sexual intercourse were broadened to include
a series of sexual aggravated offenses such as the expansions of
intercourse, which included oral and anal penetration in addition to
vaginal penetration.'? In England and Wales towards the late 1970s, a
number of reforms took place with a major change which introduced
the principle of “without her consent”.>* The definitions of rape were
then expanded further during mid 1990s in England and Wales which
included male and marital rape.> When further sexual offenses were
introduced with the launch of the Sexual Offenses Act (2003) such ‘as
assault by penetration’ this expanded the definition of rape.’

In the past forensic science has faced major issues relating to
cases of sexual offenses when a spermatozoon is not available for
forensic analysis. Chen et al.® explained that even in semen stains,
they would still contain a combination of epithelial cells such as
vaginal, buccal and penile. However, the recovery and techniques
used to examine or to distinguish between the cells is complex and for
these reasons there has always been a demand for a method that can
conclusively distinguish between penile and buccal cells which are
common cells that are likely to transfer in sexual activity.” Previous
research has revealed that all three cell types, skin, buccal and vaginal

are categorised as stratified squamous epithelium and contain similar
protective functions and protein expressions hence they are known
to be morphologically similar.® In the UK, sexual assault of females
remains undisclosed and the reasons for this can be multi-factorial,
which include fear of repercussions by the perpetrator, misplaced
feelings of guilt or shame amongst family members especially when
asked to recall past events and the lack of faith in the criminal justice
system.’

On the other hand, from the forensic scientist’s perspective,
the delay in engaging with police following sexual assault, will
adversely affect the quality of forensic cellular evidence required for
examination.'® As Wardle’ stated, after the incident of sexual assault,
the collection of cellular material should not be any longer than two
days. Therefore it is paramount that the evidence collected from the
victim is used by forensic scientists, to provide evidential information
which may confirm whether or not there was any unconsensual sexual
contact.!! The sense of feeling distressed, unsafe, vulnerable are some
of the psychological processes victims go through after experiencing
such offences by the perpetrator and for these reasons, victims
should be aware that centres such as the Sexual Assault Referral
Centre (SARCs) have been implemented specifically for them to
feel comfortable about discussing events and to collect any evidence
needed for the casework.!?
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The problem concerning sexual assaults still occurs higher in
females even up to this current day according to the Office for
National Statistics'® report. In England and Wales, years 2009/10,
2010/11, 2011/12 statistics have shown an average of 85,000 female
victims who have reported being victims of serious sexual offense,
which is estimated at around 0.5% of reported victims on average per
year. The report also states that female victims who did not report the
offense had this perception that the police would not be able to solve
anything even if they reported the offense and victims considered it
as a private and family matter.'> Hence this leads back to the studies
carried out by Cartwright et al.,'”” Cybulska et al.,' Wardle® about the
victims perspective not being able to engage with police investigators
which leaves the majority of crimes unsolved.

Lugol’s iodine has been known in previous research that positive
glycogen epithelial cells are a good indicator of recent sexual
intercourse if they are found to be present on male glans penis, and has
been used to identify glycogenated vaginal cells since they contain
high content of glycogen than in all other epithelial cells and was
accepted to be used as evidence in court.'* However, Dettemeyer'
also discovered that the same is found in the male efferent urinary
tract, hence it was disclosed that Lugol’s iodine is not suitable to
forensically determine vaginal epithelial cells on penis specimens
following sexual intercourse. Nevertheless, buccal cells which are
also found in saliva, it was discovered similarly that the cells reacted
in the same way with similar morphological features as vaginal cells
after using the Lugol’s iodine stain.?®

Studies have published that cells can also be differentiated using
different techniques, for example Y-STR analysis, which identifies
Y-chromosomes in males cells from intimate swabs collected after a
sexual offense and has proven to be effective in forensic casework.'®!”
Although the Y-STR technique can isolate male cells in sexual assault
casework, this method cannot distinguish whether the male cells
are penile or buccal cells since it has been known by Keating'® that
males have used saliva as lubricant previously in sexual offenses.
Identification of sex exfoliated cells by using the aceto-orcein test on
buccal smears has also been proven to be useful if applied in forensic
casework, which is based on the visualisation of chromosomes
of densely stained chromatin in female cells."” The study showed
effective results. However issues still arise, for instance, where
unconsensual oral and penile intercourse has occurred on female
victim, applying this method would still be insignificant to support
whether or not the evidence suggests the events occurred from the act
of oral or penile intercourse from a penile swab because the technique
can only identify female chromatin present in the cells.!® %

Epithelial cells can be differentiated cytological e.g. keratinous
epithelial cells, non-keratinised squalors of buccal mucosa, as well
as epithelial cells from the penis using different staining methods that
are specific to the content within epithelial cells such as glycogen.'
Unlike other stains, Lugol’s Iodine and Haematoxylin and Eosin
(H&E), no research has been conducted yet using Papanicolaou stain
(Pap) for distinguishing between epithelial cells whether its buccal,
vaginal or penile cells. Pap stain is a widely used as a polychrome
technique in human medicine but particularly in vaginal cytology and
also for exfoliated cells.?! Pap stain is known for its ability to yield
detailed information regarding nucleoli and chromatin pattern the cell
nuclei and its method involves more fixation and multi-step staining
procedures compared to most stains.?> Therefore the purpose of this
research study is to identify the issues and the complexities in sexual
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offenses by performing a series of histological staining procedures
to develop a method using the Lugol’s Iodine, Pap Stain and H&E
to conclusively and determine whether the use of these staining
techniques can be applied distinguish between penile and buccal cells
which could be used in sexual offenses in forensic casework.

Materials and methods
Cell extraction

40 samples of penile and buccal cells of male were collected and
stored according to the Human Tissue Act (2003). For each buccal
swab, the piece of cotton was cut around the end of the cotton swab
using a scalpel. The piece of cotton was then placed into eppendorff
tube and adding a few drops of sterile water. The tube was then placed
into a centrifuge at 1000 x g for about 10 minutes to allow efficient
extraction of cells. The extracted cells were then transferred onto a
microscopic slide and pelleted using a plastic pasture pipette. The
cells were then placed onto hotplate for about 2 minutes at 50°C then
left to fully dry overnight in a fume cupboard. The same procedure
was repeated for the extraction of penile cells. During this extraction
phase, three buccal and penile cell slides were prepared so that each
of the three stains can be applied separate first before combining cells.

Histological staining

Lugol’s iodine: It was prepared by dissolving 5g of potassium in
water, however chlorine solution was available as Lugol’s lodine
is used instead. The recovered dried samples were collected from
previous experiment. A buccal cell sample was stained with Lugol’s
Iodine about three drops and placed onto a hotplate for about 2
minutes at 50°C to dry. The same procedure was also carried out for
penile cell sample.

Pap stain: Ethanol fixation/acid formalin-free fixative was placed
onto a buccal cell sample and left for about 15 minutes and then
briefly rinsed with tap water. Then three drops of 70% of ethanol
was added for about 4 minutes followed by three drops of 50% of
ethanol for about 4 minutes and then briefly rinsed with tap water.
The sample was then flooded with Haematoxylin for about 8 minutes
and then rinsed briefly with tap water. Acid alcohol was then replaced
for 10 seconds then dehydrated in absolute alcohol (x2) following the
addition of orange G for about 20 seconds and then rinsed briefly with
tap water. EA-50 Papanicolaou was added for about 4 minutes, then
rinsed in with absolute alcohol (x2) and then cleared with xylene (x3).

H&E stain: Buccalcell sample was flooded with accustain formalin-
free fixative and left for about 30 seconds and rinsed briefly with
tap water. The slide was then flooded with about three drops of
Haematoxylin and left for about 10 minutes. After 10 minutes acid
alcohol was replaced onto the slide and left for about 30 seconds and
then replaced with Di-sodium hydrogen orthophosphate solution then
left for about 1 minute. The slide was then rinsed briefly with tap
water and flooded with Eosin and left for about 30 seconds and then
again rinsed with tap water. The slide was the placed onto a hotplate
for about 50°C until dry, the same was carried out for a penile cell
samples.

Cell smearing

An addition10 swabs were collected and then were smeared onto
the microscope slide directly and then placed onto a hotplate to dry
for about 2 minutes at 50°C. Then on each slide the three staining
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procedures were applied onto the each three slides. Again these
were dried onto a hotplate and left to dry before they were examined
microscopically. This method was repeated twice to replicate results.

Cell combining

Each penile swab was smeared onto a microscopic slide then
combined with a buccal swab on the same slide. The slide was then
dried onto a hotplate for about 2 minutes at 50°C and left to cool.
A total of 3 combined slides were prepared therefore 3 penile and
buccal cells were used for this particular method. Once the slides
were cool enough, each slide was stained using chlorine solution
and then applying H&E and Pap stain. The slides were then placed
onto a hotplate to dry for about 2 minutes at 50°C. When all slides
were stained and dried from the hotplate, they were all mounted using
Entellan Mounting Media by placing a small drop around the area of
cells and then placing a cover slip on top. Slides were left in fume
cupboard overnight before microscopic analysis.

Microscopic analysis

Slides were placed onto a microscope and adjusted to 400x
magnification. Each section of the cell was examined to observe
the cell morphology of each cell and recorded the observations by
capturing using digital camera attached to a microscope.

Results

In total about 40 slides were made. When all the cells were
extracted and stained with each of the three stains there was no cells
present when the slides were observed under high power microscope
at 400x magnification as indicated in Figure 1. One of the slides that
were examined under microscope could have had presence of cells
from the extraction method are shown in Figure 1(a) But this was very
difficult to determine as it could have been very faint layers of single
cells. Whereas for Figure 1(b). These were iodine crystals. However
when the method was altered after failure to see any cells by using the
extraction method, cell smearing method was then applied to the other
samples and the results showed presence of buccal cells in Figure 2.
The images in Figure 2(a) Is buccal smear slide showing dark intense
pink positive stained cells by H&E Figure 2(b) Is buccal smear slide
with a greenish-brown positive stain and Figure 2(c) buccal smear
showing a light brown chocolate colour positive stained cells. When
this method worked for positive stained cells, the two type of cell
were then combined together and results are shown in Figure 3. There
was unknown positive stained cells with purple-ish colour as shown in
Figure 3(c) and Figure 3(d). After observing several cells, the numbers
of cells were also recorded in Table 2.

fa) (b}

Figure | Showing the microscopic observations for extraction of cells. (a)
Microscopic photo of sample 268385 buccal cell and (b) penile sample the
second repeat of the experiment.
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Figure 2 Showing smeared buccal cells after applying all three staining
techniques (a) H&E stain (b) Pap stain (c) Lugol’s iodine.

Table 2 shows all the number of cells found in this investigation
and these were a total of 515 cells. Buccal smears were found to
contain positive stained cells when all methods were applied and these
were 13 buccal positive stained cells for Lugol’s iodine, 18 for Pap
stain and 120 for H&E stain. There was no positive penile smeared
cell on all stains. The cells that were combined there was no cells for
Lugol’s iodine. Pap stain had 108 positive stained buccal cells, with
71 unknown positive stained cells which could be penile cells.

Unknown positive

stained cell
Unknown positive

stained

(d)

Figure 3 Showing photos of combined positive stained cells taken under high
power microscope (400x). (a) H&E stain and (b, ¢ & d) Pap stain.

Discussion

The purpose of this research was to develop a method that can
distinguish between penile and buccal cells. To our knowledge, this
was the first research study to describe the histological staining
techniques that could allow forensic scientists to distinguish between
penile and buccal cells that are possible to transfer after unconsensual
sexual activity in reported sexual offenses. This study looked at
extracting cells first by using water and then applying the Lugol’s
Iodine, Pap and H&E stain. In the first experiment, swabs were cut
around the sides and at the bottom using a scalpel then placed in an
eppendorff tube. Eppendorff tubes are preferable when extracting cells
because of its two tubes. The one with the hole at the bottom end is
where the piece of cotton from the swab was placed into and the other
one us were all the extracts were collected from at the bottom of the
tube and then extracted as mentioned in the methods. This was done
for 3 buccal samples and 3 penile samples, then each stain was applied
onto each different slide. These was carried out so that each slide can
be observed separately under high power microscope and then record
the observations. Hence, in total these were 6 samples each stained
with Lugo’s lodine, Pap and H&E stain. Moreover, when slides were
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observed under high powered microscope at 400x magnification,
there was hardly any cell on the slides as presented in Table 1. Sample
slide ID 996161 penile cells and 268385 buccal cells showed coating
which could have indicated the presence of penile and buccal cells
but this was later confirmed to be just debris as shown in Figure 1(a).
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However, even when the methods were repeated, similar observations
were seen on each slides only that this time Lugol’s iodine showed
presence of iodine crystals which were due to heat from the hotplate
in Figure 1(b).

Table | Showing the results produced from the very first experiment using the cell extraction method after repeating the experiment twice and whether they

was any negative (-ve) or positive (+ve) cells

Sample ID SampleType Chlorine Solution (ve/+ve)

Papanicolaou Stain (ve/+ve) H&E Stain (-ve/+ve)

238136 Penile -ve -ve
996161 Penile -ve -ve
643382 Penile -ve -ve
110622 Penile -ve -ve
989982 Penile -ve -ve
950638 Buccal -ve -ve
372356 Buccal -ve -ve
389670 Buccal -ve -ve
754761 Buccal -ve -ve
268385 Buccal -ve -ve

-ve

Possible cells but very light

Showed very light possible presence of cells

Table 2 The table below presents the amount of positive stained cells overall found on smeared cells and their colour under high powered microscope

No. of +ve Smeared Cells
Histological Stain

No. of Combined +ve Cells

Colour of +ve Stained Cells

Penile Buccal Penile Buccal Penile Buccal
Lugol's lodine 0 13 0 0 No stain Light chocolate brown
Pap Stain 0 18 71 Unknown 108 Light purplish colour Srt:;:iscf;:toi:;etimes
H&E 0 120 0 185 No stain Very intense dark pink
Sub-total 151 364 Overall total 515

As a result, at this point of our research, the results did not
occur as expected and the presences of penile and buccal cells were
unsuccessful when all three staining techniques were applied after
cell extraction with water. Research studies carried out by Randall,?
Hausmann et al.** explained that when buccal cells are extracted
using water, this would lower the glycogen levels present in the cells
which is a key content in cells that binds to iodine molecules to give
a chocolate brown colour. Furthermore, this scientific phenomenon
is derived from the fact that when swabs are left out to dry on swabs
for long periods of time, the concentration of amylase increases while
cellular membranes are being stressed or broken.?* Therefore when
cells are extracted, these broken membranes will allow diffusion of
amylase to have access to the lower levels of glycogen hence no cells
will be present after applying any staining methods.?* According to
a similar research study published by Jones et al.,® they discovered
this phenomenon true when they extracted buccal cells with water
and found no cells present after applying Lugol’s lodine. However the
studies carried out by Jones et al.,* Randall,”® Hausmann?* were only
examined for buccal cells and not penile cells thus for these reasons,
it is challenging to justify whether the scientific phenomenon also
occurs when penile cells are extracted with water since there is no
current research to this present time relating to penile cells.

On the other hand, when the methods were altered by smearing
the swabs directly and by combining them onto the slides rather than
water extraction, there was some positive results. The photographs
in Figure 2(a) were buccal cell smears stained with H&E stain, Pap
stain (b) and Lugol’s iodine (c). A total of 153 positive stained cells
in buccal smears were found as presented in Table 2. 13 of these were
from Lugol’s iodine stain with a light brown chocolate colour, 18
were positive Pap stained cells with a green-brown colour and 123
were H&E positive stained cells with intense pinkish colour. When
penile swabs were smeared onto slides, for an unexplained reason,
there was no presence any positive stained penile cells after applying
all three stains even after repeating the experiment. However what
was extraordinary was that when the two cells were combined and
stained using Pap stain, there was various positive unknown coloured
stained cells and 71 of these were found as shown in Figure 3(c)
and Figure 3(d). Even though not all the three stains succeeded to
positively distinguish between penile and buccal cells, Pap stain was
found to be the most conclusive technique that differentiated between
the two based on the presence of greenish and purplish stain as shown
in Figure 3 and were observed in all combined cells stained with
Pap stain. Furthermore, in order to be accurate and precise with the
findings, buccal positive smeared cells were further compared under
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comparison microscope with combined cells to examine whether the
purplish unknown positive stained cells were also present in buccal
smears, and the end result was that they only occurred in combined
cells.

However the question comes to how do we know these are penile
cells? Why are they only positively stained when they are combined
with buccal cells? As of now there is no current research that has
described the presence of penile cells using Pap stain and the colour
it would show after applying the stain. However a study conducted
by?! can relate to this research where he looked at the procedure for
staining vaginal smears. It appeared that the staining of the cytoplasm
on vaginal smear cells was similar with a purplish colour as seen in
this research. More so he further investigated the structure of vaginal
epithelial cells and it appeared that they consisted of three layers cells
known as squamous cells.”® The largest of the three are superficial cells
and they are known to have small pyknotic nuclei and would stain
esophilic in the cytoplasm. The intermediate cells stain basophilic in
the cytoplasm and are slightly smaller but with a larger round nuclei.
The more rounded, immature cell type located beneath intermediate
cells are the parabasal cells.>?

As a result, the unknown stains in Figure 3 could potentially be
superficial cells from deposited penile smears on the slide since it has
been known that vaginal and penile cells from the male urinary are
morphologically similar with Lugol’s iodine stated by.>* In a further
study by the same authors, Haunsamann et al.,* they looked at the
specificity of Lugol’s iodine for the detection of vaginal epithelial
cells on penile swabs. Their results showed that 50% of cases studied,
glycogenated cells were found on male penile swabs after having
sexual intercourse. They later discovered polygonal nucleated cells
e.g. superficial cells showing positive Lugol’s reaction which could
have be an indication of penile cells. However, when the same was
found to be positive in the male efferent urinary tract giving a brown
chocolate colour positive stain, Lugol’s iodine was disclosed not
suitable to forensically determine vaginal epithelial cells on penis
specimens following sexual intercourse.'s

Moreover, unconsensual sexual intercourse does not only occur
from penile to vaginal penetration and can occur through oral
intercourse in sexual offenses.” Penile cells found on a victims buccal
swab or buccal cells found on a suspects penile swab can provide
forensic scientists and police investigators about the events that
occurred during a sexual assault on the victim, hence such potential
evidence can provide useful information to support whether or not the
evidence indicates that oral sexual intercourse had occurred.'® Even
with new the current emerging techniques such as Y-STR profiling,
which fundamentally looks at the male Y chromosomes from intimate
swabs and produces a profile specific to that type of cell, the technique
has been useful in sexual offenses to identify a male perpetrator and
has shown positive results from previous research.'!” However such
methods still cannot indicate whether the profile is obtained from the
male buccal or penile cells because the same issue could still occur
when digital penetration has occurred since research has shown that
male skin cells could transfer in the act, therefore it would be difficult to
determine where these cells have originated from in sexual offence.?’
Similar studies have also shown the reliability and sensitivity the use
of Y-STRs in sexual offenses when the presence of spermatozoa is not
present.*-! Their research suggested that cytological methods were
applied only for the presence of spermatozoa and these were negative.
Taking this into account suggests that the demand for developing a
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method to distinguish between epithelial cells as forensic evidence
has not been taken considerably serious in sexual offenses and these
are the current issues forensic science is facing up to date. Y-STR
techniques are very useful however they cannot provide forensic
scientist enough evidence to support whether or not the acts of the
offence were vaginal, oral or digital penetration. Therefore from a
different perspective, the use of both histological staining techniques
and the use Y-STRs play a vital role when investigating sexual assault
cases because the victim could argue in court, for example, state that
the perpetrator raped them via vaginal penetration when the actual
event could have been just oral or digital penetration since skin cells
will also likely to transfer in case a Y-STR profile is obtained. For
that reason having conclusive techniques that can distinguish between
epithelial cells that are likely to transfer during sexual offenses is very
important when there is enough evidence to proceed to court which
alternatively can increase the evidential value of sexual offenses.

Similarly, another staining technique called aceto-orcien which
visualises densely stained chromatin bodies present in female cells
and has proven to be effective on buccal smeared cells by.”” The
technique could be applied in forensic laboratories in sexual offenses,
but questions again would arise. For example, a penile swab has
been collected from a potential suspect and the cells have stained
indicating some female cells, where are these cells coming from?
Vaginal or buccal? The answer for these questions again proves
where forensic science is still lacking conclusive techniques in sexual
offenses that can distinguish, identify and indicate exactly what sort of
unconsensual sexual events occurred on the day because the offense
could have either been oral or penile penetration.?

As a result, the likelihood of finding epithelial cells on a buccal
or penile swab collected from either a suspect or victim or both, is
dependent on the time elapsed since the incidence and the collection
of forensic evidence. According to Wardle,’ the author illustrates
the different time intervals needed to test cellular material after a
sexual offence has occurred and stated, that the collection of penile
and buccal cells should not be any longer than 48 hours after the
incident. Nevertheless, the collection of penile and buccal cells as
evidence is determined by the victim’s corporation with the police
and centres such as SARCs, were they have specialised forensic
medical examiners to collect forensic evidence and this is where
problems also occur in sexual offenses.* Female victims are known
to be psychologically traumatised after experiencing such activity and
can sometimes make them feel ashamed when asked to recall past
events or report to the police.” This is why centres such as SARCs
need to be more available and accessible for victims because there’s
a sense of feeling that not many victims are aware of such services
and therefore most sexual offense cases are either reported late where
the forensic evidence is not reliable anymore or not reported all.”*
Female victims would normally report to the police, but not all police
forces will have forensic medical examiners or trained staff available
ready to collect forensic evidence from the victim. For these reasons,
victims will need to be escorted to the nearest SARC centres for
immediate forensic evidence recovery. Hence police forces need to
be aware of the sensitivity and the potential of such forensic evidence
like epithelial cells by acting immediately and accordingly because
any time delay can affect the forensic value of evidence.”!23

In a survey that was conducted by Ingemann-Hansen et al.,
307 alleged victims of sexual violence reported to the police. 11%
turned out to be flase allegations and 19% of all cases ending with
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sentencing the defendant. However the cases reported were classified
as attempted rape by the police and were not seen at the SARCs and no
medical check up was carried out by the forensic medical examiners
despite victims reported without delay. The survey illustrates that the
evidence regarding sexual assault cases not taken considerably serious
since the victims could have potential evidence such as penile or
buccal cells which could have increased the evidential value. Thefore
having forensic evidence in place, the forensic scientist/examiner acts
as the expert witness.** In another study by Eurom, et al., (2001), they
conducted a population based method were they reviewed all sexual
offenses reported during a two year period. Out of the 821 sexual
assault reported, forensic examinations were performed in 801 and
out the 801, only 44% of them a suspect was identified from forensic
examinations. However out of the 271 suspects arrested only 89
were found guilty and most with charges dropped or case files gone
missing. It was reported in the study that 445 cases were reported with
no suspect which is a vast number due to lack of evidence. Majority of
the cases had documented files which included abrasions, conclusions,
lacerations and bite marks. Bite marks could possibly contain amylase
hence buccal cells, which could be used to identify potential suspects
by carrying out staining methods to differentiate between buccal and
skin cells.” In addition Y-STR profiling for targeting male cells would
have also strengthen the evidential value in all these cases.'® The
problem again goes back to the fact that other sources of evidence
were not taken into consideration in these cases such as collection of
buccal, penile or vaginal swabs hence the purpose of this research to
illustrate the demand for the examining biological evidence such as
penile and buccal cells.

Moreover, the demand for distinguishing between epithelial cells
is not the only issue involving sexual offenses, the recovery of these
cells is is also important. For many years, cotton swabs have been
the traditional way used by forensic investigators to collect biological
material at crimes scenes or from victims and suspects until an article
published online, were forensic professionals redesigned a product
for DNA recovery called mini popule.*® The mini popule has larger
heads than traditional swabs that allow easy sampling for larger areas
which can maximise collection of cells. They have been described
to be self-saturating foam swabs produced by medical company. The
mini-popule heads are attached to a hollow handle filled with 91%
isopropanol. When the handle is squeezed a seal inside is broken which
allows the isopropanol to form into a foam. The device was tested out
and produced significantly better results of trace DNA compared to
traditional swabs. However, the costs are high and heat-sealed foam
heads can be difficult to remove from the handles. The device also had
larger foam heads that had to be cut into smaller pieces to carry out
DNA extraction hence increasing time and potential contamination.
This device could potentially by applicable in sexaul assault cases
since the majority if time DNA extraction would not be needed, but
the device is able to retain more cells, for example collecting penile
cells from a male suspect. In addtion this device eliminates the concept
that the concentration of amylase increases when swabs when left out
to dry in cases were buccal cells could be present on a penile swabs is
a sexual assault case.?**%

Conclusion

Overall, this has been the first research that has looked at
distinguishing between penile and buccal cells by using histological
staining methods. Epithelial cells are known to commonly transfer
between the victim and the perpetrator in sexual offenses therefore, in
regards to other research that have conducted similar methods, sexual
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offenses in forensic science still had issues regarding the evidence
involved because of its complexities. The several experiments carried
out in this research have shown both some negative and positive
aspects. For instance, it is now known that extracting cells using water
is not recommended since water lowers the glycogen levels present in
cells which binds to the specific stain, hence why they was negative
stained cells and previous research has proven this to be factual. The
combination of the two cells on a microscope slide is unique technique
that has not been used before in all previous research relating to sexual
offenses since in realife, a penile swab from a suspect will likely to
contain both cells, therefore makes this research carried out in a more
realistic way. A total of 364 combined positive cells were found, with
71 unknown positive stained cells which could be indication of penile
cells.

However for effective results in real life forensic casework, the
victim’s collaboration with the police, accessing centres such as
SARCs and the time delay will play a major role in to forensically
support the whether or not they was unconsensual contact between
the victim and the perpetrator. Police forces and SARCs need to alert
victims to always come forward straight after an incidence, and that
even though it may seem the criminal justice system is unrelialable,
there is still chances for justice because sexual offenses seem to be
increasing while the number of perpetrators convicted decreasing
due to lack of evidence. In addition, this research should be repeated
by using the same staining methods or other stains to try obtain
positive stained penile cells, since this research could not explain to
why the presence of penile cells only showed after combining them
with buccal cells. Therefore future research is still needed in order to
explain this phenomenon. However with the results from this paper,
Pap stain could be a potential method to distinguish between penile
and buccal cells recovered from a sexual offense in forensic casework.
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