Light Transmittance Properties of Biological Tissues of
the Red-sided Garter Snake, Thanmophis sirtalis parietalis,
Between 450 and 850 Nanometers

by
Eric M. Bixby

A PROJECT
submitted to
Oregon State University
University Honors College

in partial fulfillment of
the requirements for the
degree of
Honors Bachelor of Science in Biology (Honors Associate)

Presented May 28, 1997
Commencement June 1997

AN ABSTRACT OF THE THESIS OF

Eric M. Bixby for the degree of Honors Baccalaureate of Science in Biology
presented on May 28, 1997. Title: Light Transmittance Properties of Biological
Tissues of the Red-sided Garter Snake, Thamnophis sirtalis parietalis,
Between 450 and 850 Nanometers.
Abstract approved:
Dr. David H. Mcintyre

Using a spectrometer and photomultiplier tube, I measured the
electromagnetic radiation transmittance properties of three types of tissue-ventral skin, cardiac muscle, and liver tissue--in the red-sided garter snake

Thamnophis sirtalis parietalis between the wavelengths of 450 and 850
nanometers (nm). Control readings were taken using a 10-2 neutral density
filter. Sample data were then divided by 100 times the control data and
charted to visually illuminate how these tissues transmitted light throughout
this spectrum. Ventral skin was shown to have no extraordinary
transmittance properties. Cardiac muscle exhibited very little transmittance of
the wavelengths between 450 nm and 550 nm, and then displayed a fairly
distinct absorption edge between 650 nm and 700 nm. Liver tissue showed
virtually no transmittance between 450 nm and 550 nm, followed by very
little difference in transmittance spectrum from the control. These results
were also qualitatively compared to similar data of increasing milk
concentrations divided by the same control as used in the tissue experiments.
This comparison was made to illustrate the difficulty involved in
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Light Transmittance Properties of Biological Tissues of
the Red-sided Garter Snake, Thamnophis sirtalis parietalis,
Between 450 and 850 Nanometers

INTRODUCTION

Applications of Laser Surgery

The use of laser surgical techniques has increased vastly since their first
introduction in the early 1960s.11 The most widely applied laser surgeries
involve ocular ailments, such as glaucoma,1,6-10,25,28 detached retinas,5,6,14,21
cataracts,29 and diabetic retinopathy.4-6,25,29 More recently, lasers have been
used to remove tumors from various parts of the body, including the gut26
and chest,2,20 and in cardiological3,25 and neurosurgical5,22 procedures. Other
fields such as dentistry5,16,23,24,27 and veterinary medicine12,15,17,18 also
employ laser techniques in some procedures.

Statement of Purpose
It is very important to determine which wavelengths of light should be

used on certain undesirable tissues (such as tumors) and which wavelengths
should be avoided to prevent damage to surrounding tissues. The purpose of
this study was to determine which wavelengths of visible and near-infrared
electromagnetic radiation are best transmitted by certain biological tissues in
the red-sided garter snake, Thamnophis sirtalis parietal is, and which
wavelengths fail to pass through these tissues.
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Individuals of the species investigated will rarely, if at all, undergo
laser surgeries for tumor or bacterial removal, but this species does share a
common evolutionary ancestry with Homo sapiens as well as many
economically important animal species. Also, the tissues studied in this
species have similar functions, shapes, and colors as those in humans and
other vertebrates. Therefore, this species can act as a reasonable model for the
effects of light on vertebrate tissues. Another advantage of using the red-sided
garter snake in this experiment was its size, which allowed examination of
complete cross-sections of organs--a characteristic that would not have been
possible with human or other large mammal tissues.
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MATERIALS AND METHODS

Data Acquisition

Several tissue samples were dissected from deceased male specimens of
the red-sided garter snake, Thamnophis sirtalis parietalis, and their
transmittance properties analyzed between the wavelengths of 450 and 850
nanometers (nm) using a spectrometer. I obtained frozen individuals from
Dr. Robert Mason's laboratory at Oregon State University following their
collection in Manitoba, Canada in the spring of 1996 and their subsequent
demise in late September of 1996. The snakes were estimated to be between
three and eight years old, based on their sexual maturity and size. It is difficult
to know the exact age of these snakes since they were collected from the wild.
Precise age can only be determined by careful examination of the teeth and
bones of the animal.13 These specimens were all frozen within 48 hours
following death, minimizing the effects of decomposition. While individual
causes of death were not documented, there are three main causes of death of
collected specimens in the Mason Laboratory: 1) "failure to thrive syndrome"
results from placing the snakes in somehow imperfect living conditions, and
leads to lackadaisical behavior, loss of appetite, and vomiting; 2) swallowing
of the bedding material can lead to impaction (ingestion of a material that
cannot be digested); and 3) sometimes swallowing of the bedding material can
result in suffocation.
I removed the hearts and livers of each of five snakes, as well as
samples of ventral skin from the same individuals. Later, due to mishandling
of one liver sample and some damage to one heart and two skin samples, I
had to replace these samples with similar pieces from different snakes.
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Each of these samples had to be dissected into smaller pieces to be
properly mounted onto the slide of the spectrometer. The area the samples
filled on the slide was no larger than six millimeters (mm) wide by 24 mm
long by one mm thick, and all the samples completely covered the one mm
by 13 mm slit to prevent any unfiltered light from reaching the light detector
and "contaminating" the signal.
Light from a 12-volt halogen bulb was collected by a convex lens and
focused onto a tissue sample laying over a one millimeter slit at the opening
of an Oriel Corporation Model 77250 spectrometer. At this point, certain
wavelengths of electromagnetic radiation were transmitted through the
tissue sample, other wavelengths were absorbed by the sample, and other
wavelengths were reflected by the sample.
Wavelengths transmitted by the sample passed through the one
millimeter slit and entered the spectrometer. Within the spectrometer, the
light was diffracted twice (once in each chamber) by one micron gratings
while the acceptance wavelength of the spectrometer was varied
automatically at a rate of about one nanometer per second from 450 nm to
850 nm.
The light leaving the spectrometer passed through another one
millimeter slit and into a photomultiplier tube (PMT), which created a
current when it detected light in the following manner: Photons entered the
PMT and hit a photoemissive metallic surface, generating a photoelectron.
This photoelectron was propelled to another metallic surface, striking it with
variable force according to the amount of voltage applied to the PMT surfaces.
Depending on the amount of force carried by the photoelectron, it generated a
number of additional free photoelectrons, which in turn struck
metallicsurfaces. The current created by the photoelectrons was collected and
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passed through a resistor to create a voltage according to Ohm's Law:
Voltage (V) = Current (I) x Resistance (R)
This negative signal (due to the collection of negatively-charged electrons)
was sent to a Data-Acq-EZ™ data acquisition board and then into the
computer, where the analog signal was converted to a digital reading and
displayed by the DT Vee program. A plot of voltage vs. wavelength in
nanometers was then displayed. The entire apparatus was covered in a black
cloth to minimize the effects of ambient light on the PMT. The experimental
setup is detailed in Figure 1.
Adjustments were made to the DT Vee program to decrease the effects
of "60 Hz noise." This is a phenomenon common in procedures involving
electronics and sensitive readings. Regular fluctuations in current flowing
through electrical equipment, such as the computer or even overhead lights,
can create a wavy or "noisy," impure signal. To compensate for this effect the
rate of sampling was set to 10.3 Hz, meaning the program took 10.3 readings
per second rather than 10 exactly. Trial-and-error found this setting to provide
the least noisy signals. Two wavelength readings were conducted on each
tissue sample.
In order to compare these complex tissue readings with a simpler, but
similar protein system, the transmittance properties of several concentrations
of milk were measured. Whole milk was added to 13 milliliters (ml) H20 in
increments of 0.025 ml reaching a maximum of 0.125 ml, after which light
transmittance was negligible.
To take control readings of a normal transmittance spectrum, and at
the same time protect the sensitive PMT, tissue samples were not placed in
the slide and a 10-2 neutral density filter (ND2) was placed between the lens
and the spectrometer entrance. This device allowed only 1 I lOOth of the light
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entering the filter to escape, and thus mimicked the general absorbancies of
most of the tissues; therefore, the PMT could remain at the voltage setting
used for the samples. The filter transmitted all wavelengths under
investigation equally, and thus resulting traces indicate which wavelengths
were best transmitted by the halogen bulb and best detected by the PMT.

Data Analysis and Manipulation

The data collected by DT Vee were transferred to Microsoft Excel. The
DT Vee program collected 4000 points of information for every experimental
run (one point for every 0.1 nm of wavelength variation), which proved very
tedious to analyze and plot, so every tenth point (400 points total) was taken
and used in the Excel plot. These data provided the same curves as the much
larger original sample, but were much easier and faster to manipulate.
From the data provided by the samples and the controls, plots were
made of the amount of signal generated by the PMT versus the wavelength
investigated. Chart 1 is a plot of cardiac muscle transmittances, each trace
representing a single run. Ten lines are shown because each of the five
samples tested were analyzed twice. Chart 2 is a similar plot, but of the

transmittance of the ND2 filter.
Similar plots of ventral skin and liver transmittance, along with their control
plots of the ND2 filter are not provided; Chart 1 and Chart 2 are provided only
as examples of the transmittance spectra. More important are the comparison
charts, which divide the sample values by 100 times the control (ND2) values.
The control values were multiplied by 100 to account for the effect of the ND2
filter which was necessary to protect the sensitive PMT.
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RESULTS

Ventral Skin Results

The ventral skin traces, whether taken with the PMT set to 400 V or
600 V, all show transmittance peaks near 64S or 6SO nanometers, with little
transmittance near the ends of the experimental spectrum. Control traces
using the ND2 filter all tend to have double peaks, one at roughly S7S nm and
the other at approximately 62S nm, also with little transmittance near the
ends of the experimental spectrum. The sample data exhibit very little real
transmittance, especially at the shorter wavelengths (see Chart 3 and Chart 4).
In fact, the actual transmittance never reaches more than 4% of the light that
would otherwise reach the detector, with the exception of the Sb trace. Most of
the spectrum is transmitted at less than 2% for the 4a, 4b, and Sa samples, and
less than 1.4% for the lb, le, 2a, 2b, 3a, and 3b samples (the la data was deleted
from this study due to an improper mounting technique that was abandoned
in favor of the on-slide method of sample mounting).
The lb and le sample data were divided by the 3t control data because
the 1t control data was very low due, I suspect, to a shift in the focus of the
light from the source into the spectrometer. The 3t control data were used
because they are a fair representative of the other traces, and gave the
smoothest (least-noisy) line of any of the ventral skin control data.
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Cardiac Muscle Results

The cardiac muscle traces all exhibit transmittance peaks between 670
and 700 nm, with plateaus occurring between the wavelengths of
approximately 620 and 650 nm (see Chart 1). More importantly, the
comparisons to the control data show very little (less than 1%) transmittance
of wavelengths from 450 nm to approximately 600 nm. However, a definite,
easily recognizable shift in the transmittance trends of these samples begins at
about 650 nm. At this point, a steep increase in transmittance occurs, jumping
to roughly 4% in most of the traces (even approaching 6% in the first and fifth
samples) for wavelengths greater than 700 nm (see Chart 5). The lines for the
second sample are low compared to the other traces.

Liver Tissue Results

The liver tissue data are more difficult to interpret due to the different
voltage settings used on the PMT, which makes the control comparisons
imperfect in determining the percentage of light transmitted by the samples.
Different PMT settings became necessary because Sample 2 failed to exhibit a
significant trace until the PMT was set to 1000 V. Samples 3, 5, and 6 all
showed readable traces when the PMT was set to 900 V; the signals of these
samples when the PMT was set to 1000 V all maxed out at -1.25 V for some
part of the trace (-1.25 V is the maximum input potential that can be handled
by the computer). The fourth sample only showed an examinable trace when
the PMT setting was 700 V; this setting was also the most that could be applied
to the control data. (The Sample 1 data was discarded due to improper
mounting of the tissue on the slide and subsequent damage to the tissue.)
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Therefore, the 700 V control data (4t) were used for all comparison traces (see
Chart 6) .
The tissues do share, to some degree, characteristic transmittance peaks
falling between 680 and 800 nm. These peaks are often quite broad as well,
generally falling over a range of about 40 nm. One characteristic shown by all
the samples that is also exhibited in the comparison to the control data is a
near-zero transmittance of wavelengths between 450 and 550 nm.
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DISCUSSION

Ventral Skin Data Analysis and Interpretation

Upon primary inspection, it seems that the data suggest the ventral
skin of Thamnophis sirtalis parietalis best transmits electromagnetic
radiation of the wavelengths around 6SO nm. However, the control data tell
us that there is little radiation of wavelengths towards the ends of the
investigated spectrum produced by the light source (see Chart 2). Also, the
gratings in the spectrometer do not optimally work at wavelengths that
border the visible spectrum (roughly 400 nm to 700 nm), nor is the PMT
designed to operate best outside the visible spectrum. Thus the comparison of
the sample data and the comparison data becomes very important (see Chart 3
and Chart 4). These comparisons indicate that throughout the range of 4SO
nm to 8SO nm, these samples of ventral skin transmitted very little (less than
4%) of the light with which they are confronted.
This generalization applies to all of the traces except the Sb trace, which
exhibited roughly 10% transmittance of wavelengths beyond 800 nm and
greater than S% beyond wavelengths of about 600 nm. However, since the Sa
trace is roughly similar to all the other lines, I believe the Sb trace is an
anomaly, possibly due to a hole in the skin over the slit, or an incomplete
covering of the slit, leading to "contamination" of the signal with unfiltered
light.
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Cardiac Muscle Data Analysis and Interpretation

The shift in transmittance properties of these cardiac muscle samples is
known as an absorption edge. An absorption edge occurs when there is a large
change in the absorption properties of a substance. This change in absorption
leads to a consequent change in transmittance. These data suggest that the
cardiac muscle tissue of Thamnophis sirtalis parietalis does not transmit to
any substantial degree and probably absorbs (although this was not measured
directly) electromagnetic radiation of wavelengths between 450 and 575 nm.
However, these samples do transmit light of wavelengths greater than 700
nm relatively well (see Chart 5).
It is difficult to explain why the second sample produced such small

transmittance across the investigated spectrum in comparison to the other
samples (see Chart 1). This could just be a property of this particular sample,
or a product of some kind of heat damage to the sample, although none of the
other samples exhibited similar evidence of heat damage. There could have
also been a problem with the light focus, as well.
As for laser surgical implications, it is recommended from these data
that in order to best prevent damage to the heart muscle, wavelengths of laser
light between 700 and 800 nm should be used (if at all) on some kind of
unwanted tissue in the cardiac region.

Liver Tissue Data Analysis and Interpretation

While the exact percentages of light transmitted by these samples
cannot be accurately determined--due to the PMT setting differences between
the ND2 control and sample traces--the overall shapes of the traces can
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illuminate some of the properties of liver tissue transmittance in these
examples of the red-sided garter snake. Especially interesting is the fact that all
of the samples showed practically no transmittance of light between the
wavelengths of 450 and 550 nm (see Chart 6). Such a characteristic suggests
strong absorption of electromagnetic radiation of these wavelengths by this
tissue. This can be interpreted in a potential laser surgical situation such that
these wavelengths of applied light should be avoided completely if surgery is
being done very near to the liver and it is desirable to avoid damage to the
liver itself. After this point, however, it becomes difficult to say whether
certain wavelengths are transmitted better than others, due in part to both the
inconsistencies of this particular tissue investigation and the general shapes
of the traces, which tend to resemble the traces of the ventral skin-control
comparisons (see Chart 3 and Chart 4).

General Data Analysis and Interpretation
In general, all the traces from all the samples displayed a trend toward
increased transmittance of the longer wavelengths studied--basicall y, the red
and near-infrared wavelengths. This phenomenon is known as Rayleigh
scattering and is characteristic of many protein solutions and substances.20
(The June 15, 1989 issue of Applied Optics is devoted entirely to the optical
properties of biological tissues.) In order to illustrate this widespread
characteristic more clearly, the transmittance properties of several
concentrations of milk were investigated. These data were then divided by

100 times a control reading taken with the ND2 filter and the results graphed
(see Chart 7). This simple protein solution exhibits characteristics similar to
those seen in the ventral skin samples (see Chart 3 and Chart 4). This is the
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property that gives these tissues--espe cially the cardiac and liver tissues--thei r
characteristi c red appearance when light is shown through them; they simply
transmit more of the red wavelengths and absorb or scatter more of the blue.
Another general characteristi c of several of the comparison traces is a
much greater fluctuation in signal toward the 850 nm end of the lines. These
fluctuations are due to the division of small values for the samples at these
later wavelengths by extremely small values for the control tests at these later
wavelengths (see Chart 2).
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CONCLUSIONS

Summary

These data do not indicate a substantially characteristic transmittanc e of
electromagn etic radiation between the wavelengths of 450 nm and 850 nm in
the ventral skin of the red-sided garter snake. In addition, it is not clear that
liver tissue in this species can transmit light of wavelengths beyond 550 nm
with any real efficiency. However, it seems apparent from this experiment
that liver tissue does exhibit substantial absorbance or reflection of light
between 450 nm and 550 nm. This indicates that such wavelengths should be
avoided in surgical techniques to prevent electromagn etic radiation damage
to the liver.
Similarly, cardiac muscle tissue of Thamnophis sirtalis parietalis
demonstrate s extremely small transmittanc e of light between the
wavelengths of 450 and 550 nm. Such wavelengths would best be avoided in
laser heart surgeries to reduce the amount of damage done to the heart.
Conversely, cardiac muscle does conduct wavelengths of light above 700 nm
relatively well, and these wavelengths should be considered in laser surgical
procedures on or near the heart.
In general, however, none of the investigated tissues transmits much
electromagn etic radiation between the wavelengths of 450 and 850 nm; the
best transmittanc e in the cardiac muscle (the only investigated tissue that
displayed any consistently significant transmission properties) averaged only
4%. This observation suggests that laser surgeries involving any of these
wavelengths will probably have a profound effect on these tissues.
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Recommendatio ns for Future Research

This study leads to several paths of further investigation. One could
examine the wavelength absorbancies of certain deleterious tissues in

Thamnophis sirtalis parietalis, such as tumors, bacterial infections, or
parasites. Similar studies could also be made of tissues--both normal and
invasive--in other animals, such as humans, dogs, frogs, fish, etc.
Comparisons could then be drawn between the data presented here and that
resulting from other such studies. Ultimately, one would have to test
whether actual application of wavelengths that are not absorbed by healthy
tissue but are absorbed by damaging tissues would indeed produce the desired
effect of killing the unwanted material while leaving the surrounding
normal tissues relatively intact. Similar tactics have been found effective in
removing plaques from arteries in humans,25 but applications to bacterial
infections or parasitic fauna have not been investigated. With the impending
demise of antibiotic treatments of bacterial infection due to the development
of resistance, laser removal of such invasions could prove extremely
important to the medical community and anyone who faces such an
infection.
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