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few years or are being tested at this time. With the aid of slides I
shall show the structure of these compounds and outline properties and
results obtained from the previously tested compounds.

There are a number of ways by which chemotherapy may attack
neoplasms or cancer and thereby bring ultimate destruction to the
neoplastic cells. Basically chemotherapy depends either on the
selective uptake of toxic substances as in the case of iodine uptake by
carcinoma of the thyroid or a selective toxisity to one or more vital
processes which the cancer cell must perform in order to maintain life,
such as upsetting the equilibrium of nucleic acid which is a vital con-
stituent in the reproductive processes of the cells. Another example is
the destruction of bone marrow and lymphoid tissue which have also an
effect in neoplasm deriving from those tissues by nitrogen mustards.
More clearly, I can show the basic approach of chemotherapy using a
cartoon illustration as done in a recent popular article. (After cartoon.)

Unfortunately at present no chemical compound has been found
which will completely and permanently destroy cancer cells. However,
several compounds are available which will restrain certain cancers for
a period of time. Thus offering the patient relief from pain, a general
feeling of well being, and allowing the patient to regain weight until
either the cancer cells gain 2n acquired immunity to the substance or
the cumulative doses begin to exceed the amount which normal cells
can endure without irreparable damage. The problem of neoplasm
acquiring immunities was at first considered almost insurmountable,
but as research has continued it was found that cancer cells usually
acquire new sensativilies along with the acquired immunity. Therefore,
the problem becomes one of finding another compound which will
capitalize on the newly acquired sensativity of the cancer and maintain
it in check. Research is now being done 2long this line and, also,
another approach is under consideration which might be termed the
“combination’” approach. In this method several compounds would be
used simultaneously in an effort to paralize several functions of the
cancer cell simultaneously and thereby destroy the cancer before it has
the opportunity to develop acquired resistances.
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VICTORY OVER PAIN

By Thomas F. Richardson
Pi Chapter

The attempt of man to overcome pain dates back to the very
heginning of his ex'stence on earth. This paper tells the general history
of anesthesia from that time up to the present modern day methods.

Pain was present in the earliest Stone Age operations. Man first
used herbs, mandragora, opium, and other primitive methods to deaden
the paiient to pain. Later the patient was given alcohol to get him
thoroughly drunk kefore the still painful operation. These were very
inadequale means of pain killing and were more often than not, patient
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killing.

In the 1840’s Dr. Long and Dr. Morton were the first men to use
ether as an anesthetic. This proved highly effective and the news of its
success spread throughout the world. Shortly after this the use of
chloroform came into being and was found to be even more effective.

In the 1850’s local anesthesia by cocaine and novocaine was starte(_l.
This is the type of anesthesia whereby a small area is deade.ned. This
was an important development especially for minor operations. This
is still used today; often in conjunction with other types of general
anestheties.

The most recent advance in this field is an electronic braip. The
patient’s brain waves control his anesthetic and the amount of_ it .Whlle
the surgeon operates. There is still much to be done along this line.

The painless operation, the swift hypodermic needle, the benign
sleeping potient—all these are part of our heritage and our everyday
life. Intrepid, rebellious, and inquisitive men have won them for us.
Continual training is needed by doctors, dentists, nurses, and technlcla_ns
who bring the patient to the gates of sleep through apesthes1a.
Anesthesia today is a youthful and vigorous specialty. Science has
brought man a long way in the conquest of pain.
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THE FLUORIDATION OF PUBLIC WATER SUPPLIES

By Clifford Felchle
Upsilon Chapter

¥or a long time the people in certain areas had mottled _tooth
enamel. The general opinion was that the condition was peculiar to
the community, but no one knew the cause of this peculiarity. 'Flnally
the water supply was suspected of being j:he source of this lesion, but
early analysis showed no unusual content in the water supply of affect-
ed areas. As a matter of company interest the Aluminum Company of
America did an analysis which was spectrographic as well as chemical
and discovered that fluorine was present in the water supply of endemic
areas.

Most investigators in the field of mottled enamel noticed that tooth
decay was much less prevalent in districts where the fluorine content
of the water supply was high. Many experiments were carr}ed put to
determine the relation of fluorine to tooth decay. After.whlch it was
established that enough fluorine could be added to the diet of animals
to strengthen the resistance to tooth decay greatly without producing

mottled enamel.
For a time, it was believed that the reason tooth decay was less

prevalent in animals with fluorine in their diet_ was !oecause of the
fluorine present in the saliva of such animals. This implied the fluorine
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was stored in the tissues of the animal and released in the saliva to act
in an anti-decay manner. If this would have been true, we could expect
to find a higher fluorine content in the saliva of people who live in
areas with fluorine in the water. This was not found to be true and
after numerous experiments it was concluded that fluorine in the oral
fluid or in the teeth did not act in any antibacterial manner. The
beneficial affect of fluorine was traced to the fact that it definitely
altered enamel structure. It is, therefore, during the formative period
of teeth that fluoride content in drinking water is most beneficial.

For ten years, a comperison was made between the cities of
Newburgh and Kingston. Newburgh added one part sodium fluoride
to every million parts of water. The Kingston water supply was free
of any fluoride content. At the end of the experiment 476 children
from Newburgh and 405 children from Kingston were thoroughly
examined. In the six-to-nire vear age group, Newburgh children,
having drunk flroridated water all their lives, had 58 % fewer cavities
than children of the corresponding ages in Kingston. None of the
Newburgh children showed any harmful effects from drinkinng fluori-
dated water.

Fluoridation of public water supplies is the only known method of
appreciablv reducing tooth decay on a nationwide basis. This method
has proved itself to be safe and inexpensive, yet some people dis-
approve of it becauvse of various fears.
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ORDER AMONG COMPLEX NUMBERS

By Merle Kardatzke
Upsilon Chapter

This vear I was fortunate to take advanced calculus using Brand’s
book. In the first chanter is his development of the number system
including a discussion of countable sets and ordered sets. Concerning
complex numbers, he says “The complex numbers ..., unlike the real
numbers, are not ordered.” This was not my first contact with order
or with complex numbers. I had thought of a method to order complex
numbers. but I had no general definition to test it.

Brand gave this definition. ‘‘A set of elements is said to be ordered

if there is a relation such that:

0, axb — eithera<b orb<a
0O, a<b,b<e— a<e.

For real numbers we may consider order to be associated with
quantity or magnitude. This is usually clarified by representation on
a directed line. Such considerations are arbitrary. Therefore we shall
feel free to construet our own relationships to cover order among
complex numbers, end if possible, let us make a one-to-one correspond-
ence between complex numbers and real numbers.

The complex numbers (x;, ¥,) and (Xs, y.) may be ordered by the
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following relation:

X, <X,
[ or X, =X, ¥, <Y: ] <7 (31 < (%72
0O, and O, are satisfied as may be easily shown by considering all
possible combinations of

<
X i x, with y, = y,.
> >

Thus we have ordered complex numbers, but we have not shqwn
it possible to put such numbers in corresponde_nce to p.oints.on a line.
If we can finnd a function in two variables having a unique inverse we
can draw such a correspondence between all complex numbers and the
real numbers or a subset thereof.

For semi-countable complex numbers, that is complex numbers with
either the real or the imaginary coefficients limited to a countable set
let us consider the formula:

1
Z—1r4+——"——
14+ ew
where r is the ordinal of the countable set and w is the coefficient which
1
may belong to an uncountable set. This works because T
e-w

is a strictly increasing function, and takes the points of an infinite
straight line and puts them in correspondence to the points of the
interval from 0 to 1.

Now let us consider complex numbers of the form (x,y). We write
x and y as infinite binary decimals, zero being filled in for terminating
decimals.
X={(—1)* x X, .. "
y:(_]_)ro Yi Y- o o Yue yn+1
arranging an equal number of digits for x and y before the decimal
filling in with zero before the first significant digit where necessary.

Using these expansions we may construct an expansion for the
real number Z."

Z=f(xy)=(—1)*X¥, XY, . - « XaVo-YoX_, ¥V .1+
It is clear that for any given complex number (x,y) there exists

only one real number Z. Conversely any real number Z may be
translated into a complex number by use of binary numbers.

- Xy s X

We have ordered complex numbers by showing that a pair of
coordinates may be put in one-to-one correspondence with a single
coordinate. When applied to a two dimensional surface, this means
the points of such a surface may be put in one-to-one correspondence
with points on a line. Extending this to three dimensional space, we
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find such space may be represented as a plane which in turn may be
represented as a line. That is if

(Xl, Xz) <> Z121 then (Xu X, X3) <= (Z12, Xa)(__) Z123

This argument may be extended inductively to any finite number
of dimensions.

We have found that order, as intuitively associated with quantity
or magnitude, is not the only consistent way to order numbers. We
have even put the complex numbers in one-to-one correspondence to
points on a line. * Of course, numbers which may be put in one-to-one
correspondence to real numbers or to points on a line may be ordered,
but perhaps there are ordered sets which may not be put in correspond-
ence to points on a line, however, we must search outside complex
numbers to find such a set.
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AN APPLICATION OF THE RHOMBUS TO TRIGONOMETRY

By Merle Kardatzke
Upsilon Chapter

Prove: sin 26=2 sin & cos © where 0<26 <.

Construct rhombus wxyz with sides equal to unity and the angle
at X equal to 26. Construct points A, B, C, D as midpoints of
WX, Xy, ¥z, zw respectively. Draw all lines joining A, B, C, D. The
area of wxyz =sin 26. By plane geometry we know: (1) ABCD is
a rectangle,

LN
v

D
[
X A W
and (2) the area of ABCD 14 the area of wxyz. Therefore, the area
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of ABCD = (CD) (AD) =sin « cos «. Since AC is parallel to xy,
«+B=268. But «=p and hence «=0.

We now have sin 26 — area of wxyz = 2 (area of ABCD) = 2 sin
« ¢o8 « = 2 sin © cos © which was to have been shown. By basic
trigonometry the formula may be extended to any angle.
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PSEUDO CIRCLES

By Merle Kardatzke
Upsilon Chapter

For some purposes, graphing is not used to find accurate values
but rather as an inquiry into the characteristics of an equation. This
means that we may make substitutions into our equation to change the
variables in order to make the nature of the curve more apparent.

In many equations such as X*-}-Y#*—1 we may make the substitutions
U=X*% and V=Y% to get the simple equation U?4V*=1 which may be
easily drawn.

Then by reversing the substitution X=TU3 Y=V? and applying
these equations to conveniently selected points (U,V) o (U3, V3)=(X,Y)
we get a fair idea of the curve.

(v)y

This curve may be plotted with as many points as one has patience
to determine by methods of cubing lengths geometrically.

Other substitutions may be made where certain other factional
powers or even powers are involved.

Circles are not the only basic figure which may be used for this
method. Thus we have pseudo paraboles, pseudo hyperboles, and
many others.



24 THE SIGMA ZETAN

TWO TRIANGLES IN ONE

By Merle Kardatzke
Upsilon Chapter

Theorem: If two sides of a triangle are equal, the angles opposite
are equal.

Given: AB = BC.
Prove: <A = <C(C.

A t

1. AB=CB 1. Given.
2. BC=BA 2. Identical lengths as in (1).
3. <B=<«B 3. Identity.
4. AABC is congruent to ACBA 4. S.A.S.=S.A.8.
5, <A =<C 5. Corresponding parts of con-
gruent triangles are equal.
The converse of this theorem may be proven in similar fashion.
STUDIES IN THE ABILITY OF ANTIBIOTICS TO
SELECT BACTERIAL MUTATIONS
By Margaret Longo
Sigma Chapter

INRODUCTION:

The purpose of this study in the area of chemotherapy was to
determine the possible mutations and synergistic effects produced by
specific antibiotics. “Definition of Antibiotics,” an editorial by Selman
A. Waksman in ANTIBIOTICS AND CHEMOTHERAPY, Vol. 6,
No. 2, states that ““antibiotics are chemical substances that are produced
by microorganisms and that have the capacity, in dilute solution, to
inhibit the growth of and even to destroy other microorgans.” These
organisms are produced chiefly by molds and bacteria,

It is a well known fact that the combination of two antibiotics
results in either synergism or antagonism. Webster defines synergism
as: ‘“Co-operative action of discrete agencies such that the total effect

i
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is greater than the sum of the two effects taken independently; opposite
of antagonism.”

MATERIALS:

The bacterium was Escherichia coli mutabile: henceforth, it will
be referred to as E. coli. Chloramphenicol and Terramycin were the
antibiotics tested. Sterile velvet cloth circles (12-15 ce. in diameter)
were used in transferring the bacteria. The media for growing the
bacteria were: nutrient broth, nutrient agar, carbohydrates - dextrose,
lactose, galactose, mannitol, xylose, and maltose - litmus milk, and
gelatin.

PREPARATORY METHODS:

Before actual work could be started, certain preparatory procedures
were necessary :

1. A stock solution of E. coli with a plate count of approximately
42 x 10(7) cells/ml. (Eisenhart, 1943) was prepared.

2. Agar plates for growing parent colonies were made and kept in
the refrigerator.

3. Stock solutions of antibiotics were made in concentrations of
25 mg/ml. of distilled water.

4. Test media of litmus milk, gelatin, and the carbohydrates were
made by tubing the solutions, allowing them to harden and storing in
the refrigerator.

5. Gradient plates were composed of two different slanted layers:
the bottom was 10 ml. of mutrient agar poured into slanted petri dish;
the top layer was 10 ml. of mutrient agar plus the desired concentration
of antibiotic,

Throughout the entire research the greatest possible care was given
to keeping all materials sterile.

TECHNIQUE:

Gradient plates of different concentrations were planted with the
original coliform by the velveteen technique. Two mutants were ob-
tained; namely, Mutation C (from a 1 mg/ml. of Chloramphenicol
gradient plate) and Mutation T (from a 1 mg/ml. of Terramycin
gradient plate). Detection of these was by microscopic examination
of Gram stains and by physiological readings in carbohydrate media.

The rate of resistance of each organism upon different concentra-
tions was obtained by measuring the inhibitory level.

After the above study of single effects of antibiotics, combinations
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of the antibiotics were tested giving positive results.

RESULTS:

Isolation of a few colonies beyond the normal inhibitory level gave
cause to believe that possible mutations were possible. Binocular
microscopic examination showed them to be normal, but the Gram
stain showed much pleomorphism while E. coli appears regular.

A further test for these mutants was made by checking their
characteristics in the original test media. The most striking changes
were obtained in three carbohydrates: namely, dextrose, lactose, and
galactose, all of which originally showed no or very slight gas forma-
tion, but when tested with mutants gas was formed.

On gradient plates of 1 mg/ml. of their respective antibiotics, mutant
T had a fold resistance of 5 cc.

DISCUSSION:

In the article entitled ‘““Characterization of the Type of Action of
Antibacterial Substances,” Grieder, Neipp, Meier described possible
effects of our specific antibiolics: “Terramycin produces a somewhat
thicker and shorter giant form; Chlormycetin causes degenerative
changes including injury to the membrance.” Our morphological find-
ings were similar to those quoted above; however, there is evidence
that these new strains are not true mutations but only highly resistant
organisms present in the original culture. The organisms thus
“selected” produced giant plecomorphic forms as a mechanism of self-
preservation in the presence of the antibiotics returned to their normal
form.

Since the combined effect of the two antibiotics on the test organism
proved to be approximately equal to or greater than the effect of either
taken individually, these results were synergistic.

CONCLUSION:

In cultures of E. coli there are a small number of highly resistant
organisms which are inhibited by the antibiotics Terramycin and
Chlormycetin in concentrations much greater than that which inhibits
the remaining majority of organisms present in the culture. The
organisms possess a mechanism of self-preservation manifested
structurally by the production of bizarre forms which very rapidly
disappear when subcultured in the absence of the antibiotic.

The relationship between Terramycin and Chloromycetin in their
effects upon E. coli is one of true synergism.
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THE SIGMA ZETA DEVELOPMENT FUND

The Sigma Zeta Development Fund is a fund created to help our
Sigma Zeta become the kind of society we think it ought to be. It was
established by the 25th National Convention of the Society in 1954 to
“foster and promote” the “growth and development” of our Society.
While the fund has been in existence only a very few years, it has
already started to grow, having received a number of small gifts. As
you know, the income from the fund can be used as soon as the principal
amounts to a thousand dollars. The sooner we build up this amount,
the sooner it can go to work for us helping our Society encourage and
inspire talented science students to new scientific heights in these critical

days.

The National Council hopes that this fund will be created from
many small gifts. While small gifts are the only kind most of us can
make, they are often more important than larger ones. Building a fund
out of small gifts means that many people are pouring out something
A gift to this fund means that

you feel Sigma Zeta has been important to you, and you want to help

of themselves for the benefit of others.

others to receive its benefits. Any worthy gift is a gift of something
Most of

and the earlier we learn, the moere we can

you need and value and represents a sacrifice on your part.
)

us need to learn to ‘“‘give,’

expect of life.

Why not make a gift to the fund and urge your friends in Sigma
Zeta to do likewise? Gifts of 1, 2, 3, or 5 dollars are quite in order.
Of course, if you can spare mbre, it will be appreciated. Why not put
it on an annual basis and plan to make another gift next year? Don’t
wait until you can spare the money—that time never comees. Do some-

thing NOW!
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THE SIGMA ZETA DEVELOPMENT FUND

In appreciation of the fine things Sigma Zeta has meant to me and
wishing to pass these benefits on to other worthy students, I wish to

contribute (1) (2) (8) (4) (5) (10) ( ) dollarsto the fund
Encirele One
for its development.

Signed

Chapter

Present Address

Send, along with your contribution, to:

Gilbert W. Faust

National Recorder-Treasurer
Wisconsin State College
Stevens Point, Wisconsin
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The Heart Fund Drive, which will be conducted nationally from
February 1 through 28, provides the funds needed to fight the diseases
which cause 54 per cent of all deaths in the United States. It makes
possible the American Heart Association’s year-round program of re-
search, professional and public education, and community service.

Research commands major emphasis among these objectives, for
it is only through new medical knowledge that we shall eventually
prevent and control the heart diseases.

Give to the Heart Fund.







