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Optimization through Linear Programming

Brenda Beetner and Collete Houses
Beta lota Chapter,

Bethel College

Many situations arise in our world
today which require the use of
optimization techniques. These
situations occur in such diverse areas
as business, economics, transporta-
tion and scheduling. Linear Pro-
gramming is a very useful math-
ematical technique used to find
optimal solutions to these problems.

Contrary to the implication of its
name, linear programming does not
refer to the programming of a
computer. Rather, it is a means of
allocating or “programming” the
resources intended for equations and functions. Computers, however, do
play an important role as the complexity of mathematical computations
increases. In 1947, George B. Dantzig developed an efficient computational
algorithm for the solution of optimization problems. This algorithm, known as
the simplex algorithm, was the main focus of our research. In this presenta-
tion, we will apply the algorithm to a realistic problem arising in the area of
transportation and also draw some interesting conclusions.

The Independence and Interdependence of Finger Motion While Typing
Janalynn Fish

Beta lota Chapter,

Bethel College

Typing is an ideal way to study many
general aspects of skilled motion. The
movement of the hand while typing a
character is unique, usually involving all of
the fingers of the hand. Much of this
movement can be explained based on the
structure of the hand - the organization of
muscles and how they mechanically
couple certain fingers together. The
present study asks if the movements of the
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fingers while typing are based solely on these mechanical controls, or it the
fingers can couple and decouple in a manner not predicted by the hand’s
anatomy. For this study, subjects are asked to type words in which all the
letters but one are typed with the same hand. The movement of all the
fingers on the hand typing the single letter is recorded to indicate how the
fingers move in relation to one another. It is found that each finger moves in
a way charactaristic of the manner in which it is anatomically linked to the
other fingers, except when the finger is actually doing the typing. In this
case the finger doing the typing is able to decouple from the others and
move with much more independence than would be predicted based on
mechanical considerations.

Nonradioactive Heterozygote Detection of the Major Cystic Fibrosis
Mutation Using PCR Analysis

Stacia Jones
Beta lota Chapter,
Bethsl College

Cystic Fibrosis is a severe
autosomal recessive genetic disorder
occurring in about one of every 2000
live births. The gene for this disease
was isolated in June of 1989. The
major mutation, found in about 70%
of Cystic Fibrosis cases, was found
to be a three base pair deletion
coding for phenylalanine at position
508 of the cystic fibrosis polypeptide.
Heterozygotes for this mutation have
a unique heteroduplex pattern
formed upon PCR amplification of
the gene and polyacrylamide gel electrophoresis. This method may prove to
be an effective screen for identifying cystic fibrosis carriers. So far, | have
screened several people for this mutation. Methodology and results will be
discussed.
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The Prophylaxis of Lead Toxicity In the Mouse by Way of Vitamin E
JonathanWindeler

Alpha Psi Chapter,

Hillsdale College

Vitamin E is useful in the protection
of cell membranes because of its
negating effect on free radicals which
break down polyunsaturated fatty
acids. This experiment sought to
determine if daily doses of Vitamin E
would act as a prophylactic against
lead assimilated during gestation in
Mus musculus,

Daily doses of Vitamin E (50 or 150
mg) for the experimental groups or
sterile distilled water for the control
groups were injected i.p. five days
before fertilization and continued until
embryo-removal or birth. Some groups of mice were gavaged with 10 mg/kg
body weight of lead nitrate on day 9 (plug date = day 1) and the embryos
removed on day ten or day eleven to observe malformations. Other groups
of mice were gavaged with 5 mg/kg body weight and allowed to go to term to
provide litter statistics. The embryos of control dams exhibited 20.0% open-
head folds on day ten and 7.1% on day eleven, compared to the embryos of
experimental dams injected with 150 mg Vitamin E which showed 7.7%
malformations on day ten and 3.3% on day eleven. Embryo re-absorption
occured in 26.7% of the control dams on day ten and in 3.6% on day eleven,
compared to 30.8% re-absorption in experimental dams on day ten and
6.7% on day eleven. Two separate groups of experimental litters of dams
who received 50 mg/kg of Vitamin E showed 30.0% and 80.0% average
sized litters and 70% and 40% pup uniformity (in size) compared to comple-
mentary control litters which exhibited 83.3% and 33.3% average-sized
litters and 100% uniformity. Two separate groups of experimental litters of
dams which received 150 mg/kg day showed 62.5% and 100% average-
sized litters and 37.5% and 40% pup uniformity compared to complementary
control litters which exhibited 54.5% and 33.3% average-sized litters and
54.5% and 0.0% uniformity.

Under these conditions, Vitamin E led to a reduction in lead caused
malformations as compared to controls, but did not reduce re-absorption
percentages or increase litter size and uniformity which might have further
exhibited the prophylactic potential of Vitamin E.
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The Effects of Oral Administration of Flow Rate, Alpha-Amylase
Activity and Protein Content of Human Saliva

Janet Ballard

Pi Chapter,

Millikin University

Salivation in humans and other
animals has been found by Pavlov
to be controlled mentally (cited by
Roedinger 1984). In a study by
Froelich (1986), salivation was
discovered to be controiled by the
oral administration of several
different substances. Froelich
(1986) found various concentra-
tions of citric acid (0.005, 0.01,
0.02 Moal.) to cause a statistically
significant increase in the flow rate
. . . of human saliva. Though signifi-
cant, the increases in saliva flow rate were smaller than expected. This
research tested 3 concentrations (0.005, 0.01, 0.02 Mol.) of citric acid on 10
female subjects (mean age = 20). One minute saliva samples were col-
lected from subjects before and after rinsing their mouths with one of the 3
concentrated citric acid solutions. For each subject the salivary flow rate
was determined. The pH of each saliva sample was taken with a micro pH
elect_rode. The protein content of the saliva samples was determined by
running BCA protein assays. The specific activity of the amylass in the
saliva was also calculated by using the protein content and the rate which
the amylase could digest starch, determined by running enzyme assays.
The study showed that all three citric acid solutions caused some kind of an
increase i‘n specific activity of the enzym'e. Statistically significant changes
occurred in the flow rate and pH for the 0.02 Mol. group, in the protein
content for the 0.01 Mol. group, and in the amylase specific activity for the

0.005 Mol. group. In conclusion, this research showed that there is an oral
control over salivation,
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Stream Quality of Two Virginia Tributaries
Martha S. Moses

Alpha Xi Chapter,
Clinch Valley College

Stream quality of two Clinch
River, Virginia, tributaries, Stock
Creek and Benge Creek, was
monitored by both biological and
chemical techniques. Biological
analysis is relatively inexpensive
and assumes that effluents have
distinct and measureable effects on
aquatic communities which the
communities integrate over
extended periods of time. Many
standardized chemical methods are
available, but they indicate stream
conditions only at the time of
sampling.

Histochemical Localizatlon of IAA oxidase In the shoot apex and
Inflorescence In Chrysanthemum Morifolium

Aaron Irish

Beta Beta Chapter,

George Fox College

The shoot apex and inflorescence of
Chrysanthemum morifolium has been
studied in sectioned tissues. A procedure
developed by Sagi has enabled the
histochemical localization of IAA oxidase
in free-hand sections of the shoot apex
and inflorescence incubated for 2h in light.
Fresh 0.5% p-dimethy!-
aminocinnamaldehyde in 2N HCL served
as a detection reagent. Preliminary
indications demonstrate that a wine-red
coloration showing that the presence of
this enzyme that a wine-red coloration
showing that the presence of this enzyme is localized in the specific regions
of the apical meristem, such as, the shoot apices, bud primordia, leaf
primordia, and procanbium. IAA oxidase regulates the level of IAA in plants.
Since Indole-3-acetic acid controls so many activities, it is therefore reason-
able that its distribution is important in controlling plant development.
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Publishing Student Papers

Zero to three refereed student research papers will be published in each
issue of the Sigma Zetan .
Rules
1. The paper must be presented by a student Sigma Zeta member at a
National Convention of Sigma Zeta.
2. The paper must be received by the National Editor within thirty days after
the paper was presented at the National Convention.
3. Based upon the following criteria, the National Editor will reject the paper
or send the paper out to 3 to 5 faculty member referees.

a. Follows scientific method.

b. Has sufficent data and a clear result

c. Is well written.,
4. Papers not correctly submitted will not be accepted by the National Editor,
see Paper Submission Instructions.
5. The referees will return the paper to the National Editor before August 31.
If the paper was approved by a majority of referees, it will be returned to the
author. The author will revise the paper based upon the referees’ and the
editor's comments,
6. The revised papers are to be returned to the National Editor before
October 31. The National Editor will make the final decision to publish or not
to publish the paper.
7. Papers not passing majority review will be returned to the authors along
with the referee and Editor's comments.These papers will not be published.
8. Because the Sigma Zetan is not a referenced journal, publishing in the
Sigma Zetan does not disqualify the paper from publication in referenced
journals.
9. Deadline dates must be met by the author, the referees, and by the
National Editor.
Referees (reviewers). 1. The National Editor will select referees from
among the Sigma Zeta chapter advisors. The Sigma Zeta referee chosen by
the National Editor is responsible for refereeing the paper. This responsibil-
ity may be shared with or transferred to faculty colleague(s) of the referes.
10. No paper will be refereed by a faculty member of the author's host
college or university.
11. The names of paper referees will not be revealed to the paper author.
However, the reviewed paper along with the referees’ and the editor's
comments will be sent to the paper author.
12. A page fee based upon the final page cost of publishing the Sigma
Zetan will be charged to the chapter having a paper accepted for publication.
The National Editor may be petitioned for financial support to publish the
paper if the chapter requires assistance.
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Paper Submission Instructions and Submission Form for the Sigma
Zetan (Xerox copies of this form as needed).

1. The paper title is placed on page 1 of the paper. The paper abstract is
placed two spaces below the paper title on page 1 of the paper. The text of
the paper begins two spaces below the abstract.

2. Thetyped or laser printed manuscript should not exceed fourteen
double spaced pages.

3. The number of tables and graphs should be kept to a minimum. Tables
and graphs should be laser printed, suitable for scanning or photocopying.
4. Papertitle:

5. Date the paper was presented at the Sigma Zeta National Convention

6. (Type or print)
Author's name:
Last First Initial__

7. The author is a member in good standing of the Chapter
of Sigma Zeta.
Address: (college or university)

(Zip code) .
College or university phone number( )

8. Author's signature

9. Advisor's signature

10. Author submit 5 copies of the paper within 30 days following the date
the paper was presented at the Sigma Zeta National Conventionto Ted
Platt, National Editor, Biology Department, Hillsdale College, Hillsdale, Mi
49242,  (517) 437-7341.
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THE PROPHYLAXIS OF LEAD TOXICITY IN THE MOUSE BY WAY OF
VITAMIN E. Jonathan P. Windeler, Hillsdale College, Hiilsdale, M.

ABSTRACT

This experiment sought to determine if daily doses of
Vitamin E would act as a prophylactic against lead assimilated
during gestation in mice. Daily doses of Vitamin E (50 or 150 IU)
for the treated groups or sterile distilled water for the untreated
groups were injected i.p. five days before fertilization and contin-
ued until embryo-removal or birth. Some groups of mice were
gavaged with 10 mg/kg body weight of lead nitrate on day 9 (plug
date = day 1) and the embryos removed on day ten or day eleven
to be observed for malformations. Other groups of mice were
gavaged with 5 mg/kg body weight and allowed to go to term to
provide litter statistics. Under these conditions, Vitamin E did not
lead to a significant reduction in lead-induced malformations as
compared to untreated dams, and did not significantly reduce
resorption or increase average litter size and average pup size,
which might have further exhibited the prophylactic potential of
Vitamin E.

INTRODUCTION

Lead is a heavy metal element found widespread throughout the
environment. Common food-animals and plants, and even important water
sources may harbor a natural concentration of lead as high as 18 ppm
(Waldron, 1975). By-products of mankind, such as lead pipes, lead-based
paints and glazes, caulking (Needleman, 1980), insecticides, and exhaust
fumes are concentrated sources of lead to which man is constantly exposed
(Lucky and Venugopel, 1978).

Victims of lead poisoning may suffer impairment of their reproductive
capabilities. During the Industrial Revolution, many women lead workers
suffered spontaneous abortion, and stillborn and premature deliveries due to
high levels of lead build-up in their bodies (Waldron, 1975). Mice exposed to
lead concentrations of 25 ppm daily birthed significantly fewer litters than
mice not so treated {Schroeder and Mitchener, 1971). Developing mouse
embryos exposed to lead at concentrations of 50 mg/kg body weight on day
ten of gestation have, in addition to showing an increased mortality rate,
exhibited malformations, including failure of the neural tube to close
(Beaudoin and Fisher, 1981). Lead at 2.5 mg/kg body weight administered
to pregnant mice is toxic to embryos (Needleman, 1980).

Cadmium has been shown to increase lipid peroxidation (Shukla et al,
1988). Cadmium and lead are both heavy metals, shown to have similar
teratological effects which may include the generation of free radicals (Lucky
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and Venugopel, 1978). Vitamin E is an anti-oxidant found in cell membranes
that provides them with stability and structure (Machlin, 1984). Past
research (Machlin, 1980) strongly suggests that vitamin E is capable of
capturing lipid free radicals. Therefore, vitamin E should be capable of
amaeliorating the effects of lead-induced lipid peroxidation. The equations
(Burton and Ingold, 1981) below demonstrate how vitamin E "absorbs” the
results of lipid peroxidation. In this case, ArOH (Ar = aromatic compound)
represents vitamin E and ROO represents a lipid peroxyl.
ROO + ArOH —-> ROOH + ArO-

(n-1)ROO- + ArO- ——> non-radical products

Lemoyne et al(1987) report that pentane gas is a compound given off
during lipid peroxidation. This gas is passed through the lungs and can be
measured in the breath. After 10 days of oral vitamin E intake in five
patients, the pentane levels were found reduced, evidently because the
vitamin E lessened or halted lipid peroxidation. In other research, vitamin E
significantly reduced lipid peroxidation levels in rat erythrocytes elevated by
cadmium exposure, in addition to significantly reducing peroxidation levels in
erythrocytes not treated with cadmium (Shukla et al, 1988).

Previous research, using levels of vitamin E from 600 IU (Machlin,
1989) to 4700 IU (Dymsza and Park, 1975), has shown that vitamin E is
neither mutagenic or carcinogenic nor does it result in any reproductive
problems in rats. The litter size and pup weight in rats were not affected by
daily ingestion of 450 mg/kg body weight (600 IU) of vitamin E by the dam in
the research of Martin and Hurley (1977). In addition, vitamin E dosages of
2252 mg/kg body weight per day did not seem to affect resorption in rats
{Martin and Hurley, 1977).

This research was done to determine if vitamin E is capable of protect
ing developing mouse embryos from malformations in dams exposed to lead
free radicals during gestation. Gestation day nine in mice, when the dams
were exposed to lead nitrate, is comparable to the third week of human
pregnancy (Platt, 1990: Sadler and Warner, 1984), and at this time most of
organogenssis is occurring. Because of the development taking place,
mouse embryos are vulnerable to environmental influences during gestation
day nine. Evidence that would support the hypothesis would include larger
litter sizes and larger average pup sizes from dams treated with vitamin E
over those not so treated. Also, embryos of treated dams examined during
gestation should show fewer malformations and less evidence of embryo-
resorptions than those of untreated dams.

METHODS AND MATERIALS

Three trials were run. In the first two trials, 12 male and 60 virgin
female, 30 gram body weight, ICR Harlan-Sprague Dawley mice were used.
The third trial used six male and 30 female mice. The mice were housed in
plastic cages with steel tops, and had free access to water and Teklad food
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pellets (Teklad Premier Laboratory Diets; Wayne Lab. Animal Dists).
Lighting conditions were approximately 12 hour light/dark cycles. The first
trial began in February, 1990, and ran until all female mice had given birth.
The second trial commenced in September, 1990, and aiso ran until all
female mice reached term. The third trial began in January, 1991, and
ended when all the embryos had been explanted, no more than eleven days
after fertilization.

In each trial, the female mice were divided into two groups: the treated
and untreated groups. A control group of mice received injections of sterile
water instead of vitamin E. Also, no lead was administered to the control
group. The treated groups consisted of mice given daily intraperitoneal
injections of vitamin E (from the Henkel Corporation, La Grange, lll) at
different concentrations. The females were placed in the presence of male
mice at 9:00 AM daily, and were checked for a vaginal plug as evidence of
fertilization at 11:30 AM and 3:00 PM. With vaginal plug date taken as
gestation day one, all females were gavaged with a solution of lead nitrate
on gestation day nine. The female mice in the untreated group were
exposed to all the same conditions except they wers given intraperitoneal
injections of sterile distilled water rather than vitamin E. For Trial One,
vitamin E was administered at .00073 1U/g body weight, which is comparable
to 50 IU in humans. For Trials Two and Three, the females received vitamin
E at .0022 1U/g body weight, which is comparable to 150 IU in humans. The
lead nitrate solution gavaged was 5 mg/kg body weight in Trials One and
Two and 10 mg/kg in Trial Three.

For this experiment, litter sizes and pup sizes were compared between
the treated and untreated groups in each of the first two trials. After the
pregnant females went to term, the pups were counted to determine the
average litter size of each group. On postnatal day four, the pups were
weighed individually to determine the average pup weight of each group. In
the third trial, the two groups were compared as to embryo-resorption and
open head fold malformations on sither the tenth or eleventh day of preg-
nancy. The number of embryos from each group that exhibited malforma-
tions was counted, as well as the number of embryos being resorbed into
the mother.

Analyses were performed using the Student's t-test and Chi-square
analysis.

RESULTS

In the first trial, the average litter size for the treated group was 8.33
pups per litter. This was not significantly different (p >.10) than the 10.33
pups per average litter of the untreated group. The average litter size was
not significant (p >.90) in the second trial, with 9.69 pups per litter in the
treated group and 9.64 pups per litter in the untreated group. The average
pup weights in Trial One were 2.061 grams per pup in the treated group and
1.98 grams per pup in the untreated group. This difference was not signifi
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cant (p >.90). Likewise, in Trial Two, the average pup weight of 2.16 grams
per pup in the treated group was not significantly (p >.90) difterent than the
average pup weight of 2.11 grams per pup of the untreated group. Pup
weights from trials one and two were not different from the sterile water
control mice.

The level of faulty development in the removed embryos of the third trial
was not significantly different (p >.80) between the groups. On day 10 of
gestation, only two of the 26 embryos of treated dams exhibited open head
malformations compared to three of the 11 untreated embryos observed.

The resorption data between the two groups in Trial Three also was not
significant (p >.25). On day 10, eight of the 26 embryos of treated dams
were being resorbed compared to four of the 11 untreated embryos. For the
embryos examined on day 11, two of the 30 treated embryos and two of the
56 control embryos were being resorbed.

DISCUSSION

The hypothesis of vitamin E protecting developing embryos from lead-
generated free radicals was not supported in this research at the concentra-
tions used. The average litter sizes and pup weights of mice treated with
vitamin E and lead nitrate in both trials were not different from averages
apparent in mice freated with only lead nitrate. It could be that the maximum
lead concentration of 10 mg/kg is insufficient to provide obvious statistical
differences in the tested animals.
Lead dosages of 25 ppm (Schroeder and Mitchener, 1971) and 50 mg/kg
body weight (Beaudoin and Fisher, 1981) were administered in previous
lead toxicity studies in the mouse. Vitamin E at concentrations of .00073
and .0022 1U/g (50 and 150 IU in humans) should be tested against these
lead dosages in further evaluation of the ameliorating potential of vitamin E.

Acknowledgements: | thank Christy Alexander for her staunch assis
tance in accomplishing the research, Professor Ted Platt for all his good
advice, and Dr. Heckenlively for his statistical guidance.

LITERATURE CITED

Beaudoin, A.R., and D. Lowell Fisher. 1981. An in vivo/in vitro evaluation of
teratogenic action. Teratology 23:57-61

Burton, G.W., and K.U. Ingold. 1981. Autoxidation of biological molecules.
1. The antioxidant activity of vitamin E and related chain-breaking
phenolic antioxidants in vitro. Journal of American Chemistry
Society 103:6472-6477

Dymsza, H.A. and J. Park. 1975. Excess dietary vitamin E in rats. Fed,

Proc, Fed, Am.. Soc. Exp, Biol. 34:912

-62-

Sigma Zetan Volume LVII April 1991

Lemoyne, M., A. Van Gossum, R. Kurian, M. Ostro, J. Axler, K.N.
Jeejeebhoy 1987. Breath pentane analysis as an index of lipid
peroxidation: a functional test of vitamin E status. American
Jounal of Clinical Nutrition 46:267-72

Lucky, T.D., and B. Venugopel. 1978. Metal toxicity in mammels. Chemical
IQMQMLMQIMIQ_MQEIM2 185-195

Machlin, L.J. 1980. Vitamin E; Comprehensive Treatise, Marcel Dekker,
Inc., New York.

Machlin, L.J. Vitamin E. In: Machlin L.J. ed. Handbook of Vitamins:
Nutritional, Biochemical and Clinical Aspects. New York, NY;
Marcel Dekker, Inc. pp. 99-145, 1984.

Machlin, L.J. 1989. Use and safety of elevated dosages of vitamin E in
adults. nt. J, Vitam, Nutr, Res, Suppl, 30:56-68

Martin, M.M., and L.S. Hurley. 1977. Effect of large amounts of vitamin E
during pregnancy and lactation. American Journal of Clinical
Nutrition 30:1629-1637

Needleman, H. 1980. Low level lead exposure. The Clinical Implications of

. 78:1128-1137

Platt, T. 1990. Safe levels fordlmethyl sulfoxide application to mouse

embryos in nulllfymg the teratogenic potential of chemicals.
22:187-199

Sadler, T.W. and C.W. Warner. 1984. Use of whole embryo culture for
avaluating toxicity and teratogenicity. Pharmacological Beviews
36(2):124-138

Schroeder, H.A., and M. Mitchener. 1971. Toxic effects of trace elements
on the reproduction of mice and rats. Arch. Environ, Hith, 23:102-

106
Shukla, G.S., T. Hussain, R.S. Srivastava, and S.V. Chandra. 1988.

Diagnostic significance of erythrocyte antioxidative enzymes in

cadmium toxicity. mgghgmnaj_Amhme_s 4:429-436
Waldron, H.A. 1975. Subclinical lead poisoning: a preventable disease.

Preventive Medicine 4:135-153

-63-



Editor’'s Comments

Sigma Zeta enjoys a continuous record of accomplishment dating from
1925. Many of our National Officers have long records of service; Historian
Dautenhahn since 1970, Recorder-Treasure Niver since 1982, Editor Platt
since 1985, and to date, fifty positions of Sigma Zeta Presidency have been
occupied. Some presidents have served terms longer than one year while
others have served more than one presidency. Why the enthusiasm? Why
the dedication? Our founding fathers were imbued with the ideas of sound
scholarship. High academic standards are required of our Sigma Zeta
members. During it's early history, Sigma Zeta quickly grew to accommo-
date chapters located the length and breadth of our nation, indicating that
Sigma Zeta fulfills a need that heretofore had not been met by any similar
organizations. Sound scholarship, fulfilling a need, long tenure of officers,
enthusiastic presidents and vice-presidents and past-presidents; do these
factors give Sigma Zeta its strength? Sure, they help, but you are the
strength! What motivates the enthusiasm and dedication of our chapter
advisors? You do. The Sigma Zeta membership is the impetus propelling
our success. It is a pleasure to work amid such people.

Acknowledgements: The Editor wishes to acknowledge: Mark Katz, Kris
Francoeur, Kristen Beebe, Lisa Binando, and Bryan Pellock in making this
issue of the Sigma Zetan possible.
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