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I. Genersl Introduction

A. Necessary--reliable acreening and disgnostic techni-
ques:

Today, in & civilization such as ours, one hundred
snd thirty out of every 100,000 deaths each yesar, are
due to cancer, At firast glance this figure may seem
low, but since the average duration of a ease with &
malignant tumor is about three years, the prevslence
rate is about 400 per 100,000 individuals. This means
that in our populstion todsy, one out of every two
hundred and fifty people hes cancer (1).

Since the advent of modern medicine attempts have
been made to find a test diagnostic for cancer. Such
a teat ﬁould be specifie, much as is the Wasserman
test for syphilis. That there is at present, no one
clinieal or physical tesat not beset by an excessive
percentage of false positives and/or false negatives
should be agreed upon by all workers.

It may be pointed out here, that a working differ-
ence may be mads between the terms "Screening” and
"Diagnostic" as applied to cancer tests, A screening
test should have & zZero incidence of false negatives
while it may be permitted to have & low incidence of

false positives. That is it would overlook no cases



of malignency, while it occasionally might falsely
identify some other condition as being mslignant. To
be diagnostic, a test should have no false negatives,
and no fslse positives.

In actual practice, most tests now called diag-
nostic, have & low error of false positives, while
the chances for false negatives occuring are inherent
in their nature. For example the Biopsy and the
Papanicolaou tests may not pick up an early carcinoma
of the cervix, tissue not being taken from the proper
area or exfolisting cancer cells not being in the
material obtained, This is not even considering the
other form of human element involved, the pathologist
and cytologist., The high degree of training and skill
required in these men is well known, as is the fact
that different pathologists may disagree as to the in-

terpretation of the same tissue sections.

B. Basis of sction:

There have been & multiplicity of tests published
with the range of false positives extending from four
percent to thirty percent. In general the tests show-
ing the most usefulness may be divided inte four modes

of action:



1). Enzymic

These compare the protein-splitting or lipo-
lytic qualities of the body fluids with normal
body fluids, or measure in vitro enzyme-hydrolysis.
An example of such & test is the measurement of
Beta-Glucuronidase sctivity (2). These tests sre
difficult to carry out, due mostly t¢ the problem
of preparing the substrates, but seem to have &
high degree of specificity. Cpinions of these
tests, however, vary considerably with different
workers.
2). Antigen-entibody

These tests usually use water and fat solvent
extracts of tumor tissues as esntigens, but better
results have recently been obtained using purified
protein fractions of cancerous tissues (3]},
3). Measurement of body fluid elements

Such methods compsre the concentration of
various elements of body fluids directly or in-
directly with the normsl (4), (5).
4), Pathologic and cytologic

Zxamples of these techniques are the before
mentioned biopsy and Pspanicelaou studies. As

wag already stasted concerning the latter two



methods, the best of all tests to date require
highly trained individuals to read them, and then
instances will arise where there is great debate
as to disgnosis, Iliessurements based upon altered
metabolism of malignant tissues have shown varied
results and, in general, fail to meet the defini-
tion of diagnostiec, The ideal gosl is & reliable,
economical physical test capable of being read by
relatively unskilled personnel. It should require
no long series of complicsted procedures, and
would function best as a quick test the general
practitioner could perform in his office., Should
8 test even meet the requirements of a rapid and
economical screening technique that the doector
could use as part of & routine physicsl examination,

it would fulfill & definite need.



11, Review of Sody Fluorascsence

A. Reaction of normal body tissues and fluids:
Pluorescence is the ability of some substances to
respond with a visible light of longer wave lengths,
when irradisted with ultraviolet light, generally of
the shorter, invisible wave lengths. This is known as
"primary" fluorescence. When a substance will fluo-
resce under ultraviolet light only after it has been
previously sensitized by another compound (called a
fluorochrome) it is said to exhibit "secondary"™ fluo-
rescence. An example of the former is vitamin Aj
when exposed to ultraviolet this emits a gquickly fading
green fluorescence. An example of secondgry fluo~-
rescence is that emitted by the tubercle bacillus
under ultraviolet after being sensitized by the fluoro-
chrome aurasmine.
Under ultraviolet light most tissues and complex
orgasnic substances derived from animal or vegetable

sources displsy fluorescence. 'his general tissus

flourescence is not a pure color but contains all of

the visible apectrum of colors. (This may be verified
by viewing this fluorescence through filters ranging

from blue to red.) The observed color depends upon



the modification of this general "white" fluorescence
by numerous faetors applicable to any ultraviolet il-
luminated surface, In the main, these are the select-
ive optical sasbsorption properties of tissue and the
physical surface charsascteristics. The former are
modified in tissue by hormonal stimulation and the
latter by such physical deformities as are produced

by scarring and neoplasia, In addition to these

truly altered colors there may be changes in hue due

to factors producing "superficial" fluorescence; for
éxample the presence of a surface fungus (6)., One

must elso econsider the ultraviolet source, If it is
not filtered out, reflected ultraviolet light seen
with the fluorescence may cause secondary fluorescence
within the eye as well as producing an asrtifact due

ta reflected visible ultraviolet rays. There is also
the difference introduced by the sensitivity of various
gyes &s & color receiver. Bearing these things in mind
then, descriptions of normal localized body fluorescence
will be given along with the changes seen with path-
ologye.

B, Changes seen with pethology other than neoplasm:



The normal bluish-white skin fluorescence of the
scalp is usually not well visuslized due to the over-
lying hair. However clinical usage has long been made
of the fact that a ringworm infection of the scalp
(Tinea cepitis) may be readily diagnosed by the use of
a Wood's light. This is a filtered light sourace,
passing only invisible ultraviolet light, Under this
radiation the fungua infected areas of hair and scalp
glow with a bright blueish-green fluorescence, It has
likewise been long known that when the mouth is irradist-
sd with far ultraviolet (short wave length, invisible
ultraviolet rays) the dorsum of the tongue and some-
times a coating on the teeth display & reddish-orange
fluorescence, while the teeth themselves appear blueish~
green (7). This reddish color was traced to a nastural
pyrrole pigment, porphyrin, coating the tongue and
teeth, However, only recently was this observation put
to clinical usage i8). About 82% of healthy persons
show fluorescence on the tongue, usually on the posterior
dorsal surface. There is considerable individusl
variance in intensity but no appsrent sex variance.,

Also the incidence of fluorescence declines with age,
only 47% of people over eighty years of age showing
its presence. Pernicious anemis, iron-deficienaey

anemis and sprue syndrome patients lost this sign in



two-thirds to three-fourths of the cases, while all
cases (seven) with p-complex deficiency (especially
riboflavin) showed no fluorescence. Almost all these
patients when placed on corrective therapy showed
restored tongue fluorescence, ‘irestment of patients
with penicillin, streptomycin, chloromycetin and
aureomycin destroyed fluorescence by their action upon
microorganismsg, the probable porphyrin producers.
whether or not the oral mieroorgenisms synthesize the
porphyrin is unknown, as its chemical structure is
identical to iron-free decomposition products of
hematin and to magnesium-free decomposition products
of chlorophyll.

Porphyrins, combined with iron theme), form the
active part of such molecules as hemoglobin, myoglobin,
peroxidase, catalase and cytochrome. Hence they may
be found in all cells from bacteria and yeasts to those
of the higher animals 19)., <‘he most common porphyrin
in man is protoporphyrin-9, which is the basic nucelus
of hemoglobin after iron and globin have been removed.
Hormal hemoglobin degradation by the liver probably
does not result in the formation of protoporphyrin,
but the iron porphyrin ring is opened before the iron

is removed. As has been stated, free porphyrins



fluoresce red under ultraviolet light.

It has been frequently demonstrated that porphyrins
are usually present on the femasle genitalis in amounts
sufficient to cause 8 red glow when examined under
ultraviolet illumination (10), (11), (12). actually a
correlation was made between six colors of vulvar
fluorescence and the patient's functional status.

Prior to adolescence, the perinesl snd vulvar
surfaces exhibit a yellow color. After pubsrty, the
colors graduslly chsnge to green and following men-
arche they masintain a 1ight purple fluorescence (13).
During, end immediately following menstruation, the
vulva demonstrate & bright red color under ultraviolet,
Some of this color appears to be within the tissues,
while the bulk of it seems to be on the tissues and
can be partially wiped away. (It should be born in
mind that fresh blood does not fluoresce and is blaek
under ultraviolet light, while blood undergoing bac-
terial decomposition demonstrates red porphyrin fluor-~
escence.) Soon efter the aessation of menstrustion
the vulvea re-sssume & light purple fluorescence. This
color remains until the next menses.

With an existing pregnancy, & very deep purple

color appesrs within the first month. In s series of



thirty-six patients, using this as a presumptive sign
of pregnancy, there was one false positive and no false
negatives (11). This color persists until term and, on
the first postpartum day, is replaced by a vivid red,
an expression of rubra lochias., Should the patient
receive a therspeutic abortion or & cesarean section,
this deep purple color will also rapidly disappesr.

it is interesting to note that tubal pregnancies and
hydatid mole did not develop the deep purple of normal
pregnancy and thaet in cases of threatened sasbortion
where the deep purple color disappeared the likelihood
of sslvage was very remote (11),

Incomplete asbortion and other causes of abnormal
uterine bleeding ceuse a mixture of light purple and
deep red areas to appear on the vulva,

Ag women go through the menopause, the light purple
eolor is replaced by a yellow or light green. Pest
mencpausal patients show these same colors or & deep
brown general skin hue. Women showing clinical signs
of hypoestrinism also demonstrate this light yellow
color. DBoth these patients and post menopausal women
had a return of light purple fluoreacence after one or
two weeks treatment with the natural female sex hormones

or with diethylstilbestrol.,




Contrasted to the vulvae, the cervix and vagina de
not display the range of colors described. A light
purple or a gray-purple is seen throughout active men-
strual 1ife and with pregnsncy. Post menopaussl
patients show a dead-white or a grayish brown vaginsal
and cerviecal surfsce. As with the vulva, this fluor-
escence will change to & light purple following & one
to two week treatment with sex hormones.

Pungus infections contrsst sharply from this color
scheme, These appesar, usually in patches, as yellow-
orange or silver fluorescence. An occaaional orange
fluorescence, presumably due to smegms, occcasionally is
gseen beneath the elitoris.

This color cycle is regulsr enough to warrsnt
the statement that whenever intensely red fluorescence
is seen on the vulva or on vaginal swsbs of a post-
menopausal woman or women in mid cyele, it should be
regarded as a sign of abnormsl uterine drsinage and

should require study to rule out maslignancy (10)}.

C. Changes seen with neoplasm:
Before going on to review changes in fluorsscencse
sgen with neoplasia, it would be well to review factors

known to be involved in carcinogenesis. 4n outline



may be made of three basic factors required to produce
neoplasis (Table I), (14). PFactor I is any "carcino-
genic" substance, such as methylcholanthrene, bensg-
pyrene and estrogens. JShould these substances not be
oxidized nor metasbolized, whether in & normsl or faulty
manner, they probably would exert no effect. Factor II
is the catalyst or enzyme necessary for this breakdown.
Thus the two of these would produce a carcinogenic re-
action. This would explain why a carcinogenic substance
may not produce & cancer at the site of injection, dbut
at 2 location where the necessary enzyme system is
present. To enable a normsl, non-sensitized cell to
respond to these carcinogenic resctions there would have
to exist a third or sensitizing factor (Faetor III).

It has been shown that several porphyrins may sot as
sensitizing agents to cercinogenic stimuli, in that
animals with high rates of porphyrin metabolism and
enimals receiving injections of porphyrins show marked-
1y increased response, and rate of response, to carcino-
genic substances (14). It is also known that abnormal
porphyrins are produced in excess in certain bacterial
infections, trauma and under the influence of many

substances like cosl tar (15). In a similar fashion

the virus and milk factor may serve to form these



Factor 1
Carcinogenic steroidal hydrocarbons or
other compounds
8. Mecthylcholanthrene
b. Benzpyrene
¢. Di-benzanthraeene <+
d. Estradiol
e, Estrone
f. Diethylstilbestrol
g. Dimethylaminoazobenzene
h. ete.

Factor 111

Sensitizing agent ;
Porphyrin or other pyrrol compounds
. Coproporphyrin I, 1111
. Protoporphyrin, 9
. Deuteroporphyrin, 9
. Mesoporphyrin, 9
. Hematoporphyrin, 9 (artificial)
. Etioporphyrin III ¢

e As T

Possible origin of sensitizers
. Unique porphyrin metabolism
(mouse, rat, and hamster)
. Virus (cytochrome)
. Milk factor
. Vitamin deficiencics
. Baecterinl origin
. Chemotoxie
dibenzanthrene
coal tar ¢
sulfonamides
aniline
g. Trauma involving necrosis and
h., Extravasated blood

“~eo e

Table I.

carcinogenesis (14).

Pactor 11

Metabolizing or XNoncarcinegenie
ozidizing agents
a. Enzymes Hydrozy or

b. Catalysts «———1 quineid
e. Peroxides ———m—mep

d. Ultraviolet (oxereted)
light
Reaction
or Btimulve
action
o
Bensitized Cel) Nonsensitined
Malignant Malignant trane
transformation formation cecure
occurs readily only in rare
and frequently instances when
stimulus is very
potent

rhree hypothetical fasctors necesszary for



pyrrol compounds., Experiments have shown that several
porphyring, both injected and naturaslly present, ac-
cumulate in neoplastic, embryonic and regenerating
tissues (16).
The sbove forms the basis of sn hypothesis that
a disgnostic or screening test for malignant growth
might be constructed, utilizing the spectral identi-
fication of specific fluorescing compounds. Table II
shows the structursl formulse of the more common animsl i
porphyrins, |
Work published to date upon the utilization of
ultraviolet light as a cancer diagnostic tool has been

directed down two main channels, The first utilizes

the asltered trensmission or absorption of ultraviolet
rays directed through the suspicious tissue secstionsa

or body fluids. Gross and microscopic techniques have
been devised, ususlly both methods utilizing a speciro-

photometer as & means of measurement (17), (18). The

second method of spproach has been to observe and to
sasure intensity of fluorescence seen with the tissues
¢r fluids. Only this latter approach will be considered
here.

Soon after the widespread acceptance of the

Papanicolsou technique (19), methods were sought to
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avoid the occasionsl debated interpretation and to
facilitate readings of the slides in general. One such
technigque replaces the polychromatic stains normally
used with neutrsl, basic and acidic fluorochromes in
gutiably buffered solutions (20), Smears are previously
made in the normal fashion, When the stained slides
are viewed in ultraviolet 1ight through the mieroscope,
the individusl cells are seen to fluoresce in various
nuclear and cytoplasmic colors agsinst a black back-
ground. Malignant eells have a similar fluorescent
staining pattern as the type cell from which they are
derived, but differ from the normal cell, aside from
morphology, in two ways: 1) The malignant cells are
"hyperahromatie™, that is, they fluoresce more brightly
than do the normsl cells. 2) The cytoplasm and nucleus
of cancer cells demonstrate sltered colors of fluor-
escence. In addition to this, bacteria in genersl,
Trichomonas vaginalis, Monilia, red blood cells and
individusl types of white blood cells may be identified.
The author rates this test as a scoreening method, and
gtates statisties will be published in later srticles.
Other investigstors have discovered that human
urine normally contains two fluorsscent factors, one

blue and the other red (21}, (22). These were rae-



gpectively named the B and R values, and their ratio

to each other called the B:R ratio., Using a Phaltz and
Bsuer Fluorophotometer, (which measures the intensity
of obgerved fluorescence) twenty-four hour urine speci-
mens of 400 patients were examined under an ultraviolet
light with an emission range of 310 to 420 millimicrons
(my). The numbers obtained as values are expressions
of the relative intensities. The control group con-
prised 150 ecases of which 100 enjoyed good health and
wore free of benign or malignant growth and 50 cases
ware free of benign or mslignant growth with associated
common ailments., Maxims)l R factors were 2 while B
factors covered a wider range. The minimal B:R ratio
was 6.,0:1.0, In the 50 cases with miscellansous ail-
ments (none had merkedly impaired kidney function,
liver damage or jaundice) the R values were below 1.5
and the B values correspondingly low; the B:R ratio
remained 6,0:1.0,

A group of 91 cases with proven benign growths
(£ibroid uteri, sdenomes and polyps of the gastroin-
testinal tract, uterine polyps, hypertrophied prostate,
fibroadenomata of the breast, cystic mastitis, benign
ovarian tumors, endometricsis, bone tumors, pituitary

adenoms and thyroid adenoma)} sund a group of 21 normsl



pregnancy ocases all showed consistently significantly
raigsed R values above 2.0. B values were proportionately
raised with resultant higher B:R ratios, It is interest-
ing that the amniotic fluid showed this same elevated
B:R ratio with B and R values markedly increased beyond
the controls. 1t is known that urinary constituents
of amniotic fluid are shared by fetal kidney snd placents
and that the placenta acts as & barrier to most foreign
substances,

In a group of 101 cases with proven malignant
tunors (gestrointestinal, pulmonary, thyroid, uterine,
prostatic, ovarisn, bone, breast tumors and acute
lymphatic leukemia and lymphosorcoma) the R values were
strikingly elevated and the B values correspondingly
depressed., The resulting B:R ratios were all below
5.0:1.0. In fourteen instances, there were six false
positives and eight false negatives. The latter were
all cases of known low grade of magnitude (four cases
of Hodgkin's disease, two chronic lymphatic leukemisas,
and one case each of reticulum cell tumor and giant cell
sarcoma), The six felse positives were cases of cirrhosis
of the liver with liver damage confirmed by liver funetion

tests and blood chemistry. In 811 aix cases the B:R

ratios returned to mnormal following treatment resulting



in normal function tests and chemistry.

Iwenty-two cases of malignancy Wefe followed for
one to two years following radiecal surgery. Ivery case
demonstrating no remission of tumor growth svidenced s
change to normal (greater than 6.0:1,0) B:R ratios,
while those demonstrating metastasis retained their ab-
normal B:R ratios {less than 5.0:1.0). As & brief summ-
ary, the normal B:R ratios were never less than 6.0:1.0;
cases with benign growths and pregnancy showed elevated
B:R ratios, while cases with malignancy exhibited sig-
nificantly elevated B values and depressed R values with
& B:R ratio never abgve 5.0:1.0,

It is interesting to correlate these findings with
the former discussion on pyrrol compounds snd the three
hypotheticsl factors in the hypothesis of the sensitiza-
tion of the eeil to malignant transformation. There
the stress was plasced upon the role of the red fluor-
escent porphyrins,

In studying the centrifuged fasting blood serum of
500 patients an ultraviolet light source of 320 my weas
used and results were recorded as to relative colors
seen visually, and relative intensity values as measured
with a fluorophotometer (23), (24). Normal serum was

seen to fluoresce throughout the entire fluid column with



& yellow or olive-green color and hss a very turbid
appearance, Cancer serum loses fluorescence or appesars
turquoise blue or purple (especiallj along the edges of
the tube) and loses its turbidity. In this series there
were thirty positive reactions, twenty-nine of which |
were proven by tissue examination. The thirtieth cease
was a petient with mycosis fungoides with no evidence

of malignancy. FPreguant patients gave & resction mid-
way between normsl and malignancy. iiedical and surgical
diseases such as tuberculosis, syphilis, leprosy,
anemia, liver and kidney diseasse, intestinal obstrucstion,
bleeding peptic ulcer, prostatitis and cholecystitis, sas
well as others gave the same reaction as normal sera.
All cases receiving radical tumor exsision demonstrated
normal serum reactions within twenty-one days, <The sera
of patients treated with deep X-ray, radium and nitrogen
mustard gave a reaction different from both normal and

cancer serum. (This difference was not explained).



I1I. Fluorospectrophotometriec Technigue

A, Theory:

To date then, all of these color changes reported
with tissue and body fluids have utilized the human
eye as a color perceptor and, at best, & fluorophoto-
meter with or without a nephelometer to record intensity
and turbidity. Ne one has asttempted to identifj the
gpectral composition of the colors observed. As shsll
be pointed out, two colors may appear identiesl to the
eye and yet be masde up of entirely different wave length
combinations, It would seem that a study is definitely
warranted to ascertsin whether or not the various con-
ditions mentioned, inecluding mslignancy, produce one or
more characteristic bands or even sharp wave lsngth
peaks of fluorescence.

Such & program was cutlined and, following approval
of the department, work was begun in the laboratory of
the department of Cbstetrics and Gynecology. This
program consists of the following:

1). Pemsle patients to be studied with a Beckman

Model DU Quartz Spectrophotometer, modified to

nmeasure hoth the spectrum snd intensity of fluor-

eseence of:



twenty-four hour urine specimens

blood serum

vaginal fluid

extracts of vaginal pads or tsmpons dur-
ing menstruation '

(e} amniotic fluid (of puepersl patients)

——— — ———
26 o
gt Vol ool gt

These studies to be done in a series of . “normal™
women and & series of women with malignancy, hormonal
and vitemin disturbances, as well as medicsl and
surgical disorders, in an attempt to "cover" s&ll
known main causes of fluorescent changes. These
women to be followed in the menstrual cycle by

daily tempersture charts.

2). Male patients to receive similar studies of

blood and urine.

With both sexes, various tissue specimens and
body fluids, such as gastric washings, would be
studied when indicated.

3). If possible, to do visusl and photagraphic

studies with cutting filters of fluorescence of

cervix and vulva.

4). Whenever possible the results should be compsared

with standard tests now in use (biopsy, etc.).

‘The sourse of ultraviolet is a General Electric £H4
lamp. ror visuel and photographic work this is mounted

in a modified pausch and Lomb Spherical Lamp Housing (25},



while the lamp for +the fluorospsectrophotometer is made
en intrinsic part of the instrument. The wavelength
of ultraviolet utilized is 365 my and is isolated by
various filters (Corning #3389, #5840, #5860Q).

It should be brought out here thst there is no
"magie™ involved in the 365 my line. Various workers
have reported it as exciting msximum biologicel fluor-
escence (26). Since the study proposed is & new approsch
it would be well to study the characteristics of the
entire ultraviolet band; however a start must be made

at some specific point,

Eo Modification of the Beckman DU Spectrophotometer:
Since there is no commercial spectrophotometer
aveilable to measure fluorescent spectra (27), it would

be necessary to modify the Beckmen Model DU which is
available.

The spectrophotometer as it exists is diasgramed in
Pig., I (28). Radient energy from en incendescent lamp,
A, is focused on the slit, D, by means of the concave
mirror, B, and the plane mirror, C. The beam entering
the slit, D, is collimated by the mirror, E, and passes
through the quartz prism to the reflecting surfsce, F,

After reflection at F the beam returns slong nearly the






same path to the same slit, D, where it emerges slightly
above the entrsnce beam and the mirror, C. After passage
through the sample or sample compartment, G, the beam

is ineident on the phototube,H.

Thus, in terms of transmission or directional re-
flectance, it makes & relative measurement of radiesnt
energy (or radient flux) as & function of any given
wavelength isolated by the quartz prism.

There is not much literature svailable concerning
the modificstion of this instrument to measure fluor-
escence spectra (29), (30), (21), (32). After reviewing
the works published it was decided to modify the tech-
nigue of Burdett and Jones (31), (Fig. II). They use
8 high pressure guartz lamp, filtered to furnish 365 my
excitation., "This ultraviolet light is beamed into a
quartz absorption cell and the resulting fluorescence is
taken off at an angle greater than 900 and beamed with
a coated achromatic lens onte the slit mirror of the
monochromsator,

In doing this they asre utilizing the observation
that intrinsic intensity of surface fluorescence increases
rapidly with an increasing angle of observation. @hile
they are measuring emission occeuring in the front layer

of the cell, it is felt that there is one msjor fault



with their technique.,

In uéing a great angle of reflectance, they tilt
the sample cell in such a way as to force the fluor-
eascent rays through the test solution before resaching
the monochromator. This introduces the error of ab-
sorption by the solution, It may be seen then, that
this could not only affect the intensity of the wave
length measured, but even shift the peaks of fluor-
gscence near or in the sbsorption bands of the solute.

This could be avoided by focussing the ultravioclet
beam just inside the window of the quartz ecell &nd then
measuring fluorescence emerging from the same side of
the c¢ell. Care will be needed to avoid reflection, and
perhaps a front surface mirror will be needed,

This technique will decreesse the overall light in-
tensity given off but it is hoped this factor will be
ovarcome by the sengitivity of the instrument, Should
this not be the case, 8 circuit utilizing photomultiplier
type tubes with current amplification factors of 200,000
and 2,000,000 has been devised, and tested. 7This would
replace the phototube circuit of the present instrument.

Using this method the worker will be insured correct
relative intensities and positions of all peaks measured.

It is felt this is absolutely essential for at least the



initial or purely research phase of the investigation.
Whichever circuit is used it will be imperative
to correct for the non-uniform spectral response of the
phototubes (or photomultiplier tubes). This can be done
by calibrating them ageinst a standard 32000X tungsten
lamp, using Planck's egquation for radiation of & black-
body (33-36). The sbsorption spectrs of the various
parts of the optical system must also be corrected for;

other considerstions will not be discussed here (37-41).

C. Design of two office instruments:

We all know the important factor in cancer--early
recognition, Whatever be the treatment, its results
are determined by how early it is utilized. Therefore
any test, to be truly successful, must be done in the
doctor's office, and it must be one that is quickly end
inexpensively performed.

Reasizing that the very rationsl, much less the
results, of this proposed test is unproven, it was
nevertheless felt that work should be carried on simul-~
taneously upon the design of some instrument that could
be used in the office of the practitioner, There is only
one type of spectrophotometer that can be produced cheaply

enough to enjoy generasl usage, This would use filters




instead of a prism to isolate the wavelengths at which
measurements are to be taken, Of course it is not as
accurete, but it can be constructed to operate within
very narrow bands,

Since the exact color range to be measured is
unknown, & special set of eleven filters, constructed
on 35mm film, was prepsred by lechnicolor Laboratories
of california. These are so designed that combinations
of them can isolate very narrow spectral bands, with a
total range extending from near ultraviolet to near infra-
red; about 320 my to 900 or 1,000 my. (In sny finished
instrument fewer filters made of glass would probsably
be used.) Twelve holes were bored in & circular alumi-
num disc, one to mount each filter and one & blank.
Three such disce or "filter wheels" were mounted in
tandem to sllow various filter combinations.

in the sesrch for & suitable ultraviolet source, &
large number of war surplus Sylvenia H-35-A blacklights
were discoversd. These are high-intensity fluoresocent
lamps with & readily available commercisl counterpart.
A spectral analysis of their output was performed and
it was discovered that their rediation extended from
3400-3800 Angstrom units (340-380 my) with & very sharp,

high-amplitude peak at 3656 my. These were deemed almost



ideal and, after expermenting with various phototube
circuits, a working model was completed (Fig. III).
The instrument was then calibrated against the seckman
DU spectrophotometer (42).

Radiation from the ultraviolet tube, 4, passes
through a filter, &, to remove 8ll visible wave lengths,
and strikes the quartz test tube containing the specimen,
C. The fluorescence obtained passes through a second
filter, v, to remove all ultraviolet rays and is collect-
ed by lens system, £. It then passes through the filter
tandem, », and is re~focused by lens, G, upon a front-
surfaced mirror, H. This directs the 1light path to the
phototube, J+ These impulses are amplified in a con-
ventional type of .ynn-W¥illiams bridge circuit, K,
which can measure illumination levels corresponding to
a phototube current of only 10‘10 ampgre, Scale deflec-
tions are measured on the microammeter, L.

To make this instrument more versatile, it has
been so designed that the light source can be replsaced
with an incandescent lamp and the instrument may then
be used as a standard colorimeter or spectrophotometer.
Thus the doctor may use it in many common laboratory

determinations,

There is a second type of machine of value at




W O W W

F
G

*
Jd

I

]

.
-

L

i—_j
7R

-

Figure III. Desi
(Note:

A--pltraviclet lamp.
B--ultraviolet-paseing
filter.
G--guarts specimen
teat tube *
D--fluerescense-~-passing
filter.
E--achromatic lens.
P--filter tandenm.
G--aghromstie lens.
H-=~front-surfaced
airror,
J-~-photetube.
K--amplifier.
L--microammeter.

of cffice filter-fluroapectrophotometer.
"5? may be removed eand sn incsndescent lamp

substituted to use as & cclorimeter.)



least in research on the project (43), (44), (Fig, IV),
This is an ultraviolet probe consisting of & long thin
guartz rod or tube with an elongated bubble, containing
a small mercury globule, at one end. This red is one-
fourth inch in diameter, seven inches long, and has
about & 30° bend in its distal one-third. The elongated
bubble at its proximal end is five-eighths inches in
diameter, two inches long, and is surrounded by a bakelite
¢ylinder three inches long by one and three-fourths
inches wide. The bakelite cylinder contains two elec-
trodes placed in external contact with the gquartz bubble
and which are connscted with a source of radio frequency
enargy by means of a suitable cable.

This probe mskes an excellent means of reaching
into body cavities, such as the vagina, with a small,
powerful source of ultraviolet, It could alsc be well
uged for examining any small surface area. In this
writers opinion, its usefulness would be extended by
goating all but the tip of the probe with a layer of
reflecting metal, such as aluminum, (This would probably
be vacuum-deposited).

In Pig. V is shown the wave length spectrum ex-
tending from ultraviolet to infrared with brief des-

eriptions as to uses.










1V. Isolation and Purification of Human Fluorescent
Compounds:

It is merely suggested here that it might prove of
value to attempt isolation and identification of these
various fluorescing body compounda. Perhaps abnormsl
curves may be produced in the laboratoiy animal using
these compounds alone. Such work is not included in
the scope of this paper. Reference is made to excellent

results in isolation of urinary porphyrins (45).




Y. Sunmary

1. An explanation of the terms "Screening™ and
"Diagnostic" as applied to cancer tests was made. The
bagis of action of tests showing the most usefulness
were divided into four eategories:

a) enzymioc,

b) antigen-antibody,

¢) altered body fluid elements,

d) pathologic or cytologia.
2. 7The idesal test fulfilling the term disgnostic,
should be rapid, economical, and capable of being read
ag part of & routine physical examination by the aversage
docter without additional special training.
3. In 8 review of normal body fluorescence it has been
shown that women go through a monthly "fluoraescence
cyele", and that fluorescence techniques may be used
as a diagnostic aid in the following:

a) fungus infeetions,

b) certain infectuous diseases (ex. Tuberculosis)

¢) certain anemias,

d) certain vitamin deficiencies,

e) pregnancy,

f) evaluation of threstened abortion,

g) evalustion of certain hormonal imbslances,
4., In s discussion of elements known to be involved
in carcinogenesis an outline of three hypotheticel

basic faectors required to produce neoplasia was made:




a) & carcinogenic substance (ex. methylcholanthrene)
b) a cataslyst or enzyme necessary for metabolism of
the former,

¢) a sensitizing factor.
An effort was made to show that porphyrins might act
as this sensitizing factor.
6. Fluorescent examinstions in malignancy were reviewed
including usage of primary snd secondary fluorescence
techniques. 1n technigues involving the latter it has
been discovered:

a) That normal urine contains two fluorescent
fractions, & blue snd red. These were named the B and
R factors respectively, and their ratio to each other,
the B:R ratio.

b) That in & series of 400 patients it was determined
the meximum R factor was 2, while B factors aovered a
wider range; the normsl B:R ratio is & minumum of 6.0:1,0.
Patients with a pregnancy or a proven benign growth have
& consistently higher B:R ratio while those with proven
malignency have strikingly elevated R values and depressed
B values with & resulting B:R ratioc always below 5.,0:1,0.
This test was 86% accurate, all false positives being
low grade Hodgkin's disease, leukemia, reticulum cell

tumor and giant cell sarcoma. <The false positives were

proven cases of liver cirrhosis which showed normal




results after treatment.

¢) That in all cases following surgery the test
returned to normal and whether or not it remained as
such correlated exactly with the incidence of metastasis.

d) Normal blood serum fluoresced & turbid yellow
or olive-green while malignant serum is clear and
shows no fluorescence or appears turquoise blue or
purple. In a series of 500 ceses the test was 97%
sacurate ags to false positives and no false negatives
were noted.
6. Lote has been made of the fsct that no worker has
attempted to study the spectrum of these fluorescent
phenomenon in an attempt to discover bands or wsave
length pesks characteristic of mslignancy. (Several
colors appesring identleal to the eye msay have a vastly
different spectrum composition).
7. Bearing this in mind the Beckmsn DU spectrophotometer
has been modified to analyse fluorescent spectra and
the prototype was congtructed of an office instrument
that may be used both for this test and for several

routine procedures.



Vl. Conclusion

In coneclusion, it is felt that malignancy any-
where in the body produces definite changes messurable,
as altered fluorescence in both blood and urine., The
few reports published thus far have shown an excellent
degree of sccuracy, however it is felt work to date,
having used only visual and photometric methods may be
greatly improved upon with spectral anslysis tech-
nigues. 7These have been ocutlined and pertially earried
out.

reelizing successful treatment of cancer depends
upon early recognition by the practitioner, an in-
strument has been designed that csn be economicaly
purchased and operated, both as & cancer test and as

a general office laboratory instrument.
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