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Rhodes Biology Department welcomes new faculty members Dr. Mary Miller and Dr. 
Romi Burks. 

Dr. Romi Burks — Dr. Burks is a Post Doctoral Fellow at Rhodes, received her BS in 
Biology and a B.A. in English from Loyola University Chicago, and her Ph.D. in Aquatic 
Ecology from the University of Notre Dame. She has done post-doctoral work at Ohio 
State University. Her interests include limnology, chemical communication in aquatic 
systems, and food web teractions. Recent research efforts have focused on what factors 
control predation competition in Daphnia, specifically how invertebrate predators may 
influence Daphnia survival in shallow lakes. Rhodes students Kathy Llewellyn, Jessica 
Skyfield, Andrew Seiwell, and Chris Tolleson have all participated in research with Dr. 
Burks during the school year. Dr. Burks has taught non-majors biology course Freshwater 
Ecology in Society this spring semester, and plans to teach an upper level biology of 
Wetland Ecology in the upcoming school year. This summer Dr. Burks' research will 
take her to Denmark for an eight-week investigation into the horizontal migration in 
shallow lakes to study separate populations using stable isotopes. This opportunity is 
funded by a Rhodes FDE grant. She will also be accompanying the Coral Reef Ecology 
class to Honduras, and plans to present at symposiums in Hungary and Victoria British 
Columbia. 

Dr. Mary Miller— My research interests focus on understanding the cell division cycle; 
primarily the regulatory proteins called cyclins, which are required for cells to faithfully 
duplicate themselves. Cyclin proteins regulate an essential kinase in the cell, called the 
cyclin dependent kinase or CDK. Cyclin/CDK complexes are able to phosphorylate 
proteins and are required for most essential cell cycle events. The cyclin/CDK 
complexes are controlled at many levels, ranging from transcriptional regulation of the 
cyclin gene to spatial regulation of the cyclin protein. I am interested in how the spatial 
regulation of cyclin proteins influences their function and substrate specificity during cell 
division. This work impacts our understanding of the molecular basis of cell cycle 
progression; and therefore, the molecular basis of cancer. My research takes advantage 
of the biochemical, genomic, cytological, and genetic tools available in the budding yeast 
Saccharomyces cerevisiae model system. 

I received my B. A. at the University of Tennessee and my Ph.D. at the University 
of Virginia in microbiology. Prior to coming to Rhodes, I spent five years as a post-
doctoral fellow at The Rockefeller University where I studied the spatial regulation of 
cyclin proteins. I am continuing this work at Rhodes, where my 2002 Genetics Class 
identified potentially novel suppressors of a mis-localized cyclin. Through funding 
provided by the Council on Undergraduate Research, Alison Greoger will be continuing 
these genetic screens and cytological studies to identify cellular proteins that are involved 
in the spatial regulation of cyclins and potential substrates of the cyclin/CDK complex. 
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Effect of the Neuraminidase Inhibitor Oseltamivir on Lethal Synergism Between 
Influenza Virus and Streptococcus pneumoniae 

Kimberly Bartmess, Rhodes College; Jon McCullers, MD. Department of Infectious 
Diseases, St. Jude Children's Research Hospital 

Introduction 

Epidemiological evidence indicates that there is a lethal synergism between 
influenza virus and pneumococcus, which accounts for the excess mortality seen during 
influenza epidemics (Glezen, 1982; Simonson, 1999; Simonson et al., 2000). Lower 
respiratory tract infections due to influenza and pneumonia combine as the 6th leading 
cause of death worldwide and the leading infectious cause of death. An estimated 20,000 
influenza related deaths occur annually in the United States alone. S. pneumoniae now 
accounts for 30-50% of all cases of community acquired pneumonia (Office of Statistics 
and Programming, 1999). 

McCullers has recently developed a mouse model of the lethal synergism between 
influenza viruses and pneumococcus. It was found that there is rapid 100% mortality 
when the influenza infection precedes pneumococcal challenge by seven days (McCullers 
et al., 2002; McCullers and Webster, 2001). Secondary bacterial pneumonia and the 
mechanisms underlying the synergism is the focus of this study. 

A new class of antiviral agents, the selective neuraminidase inhibitors, have 
recently entered clinical use. Neuraminidase inhibitors inhibit sialidase activity and are 
effective against influenza A and influenza B viruses in studies of prevention or early 
(within 48 hours of infection in animals or onset of clinical symptoms in humans) 
treatment. The neuraminidase inhibitor used in our study was oseltamivir. Oseltamivir is 
not active against other viral or bacterial neuraminidases including pneumococcal 
neuraminidase (Hayden et al., 1997; Mendel et al., 1998; Hayden et al., 1999). We 
hypothesized that the use of a neuraminidase inhibitor to decrease replication of influenza 
virus in the mouse model of the synergism would improve morbidity and mortality. 

Oseltamivir was found to improve survival in a mouse model of lethal synergism 
between influenza virus and pneumococcus in both the prophylaxis and treatment studies. 

Methods 

Prophylaxis Study: Groups of 10 mice (8 to ,10 week old female Balb/c) were 
infected intranasally (i.n.) with 0.2 mouse doses lethal for 50% of mice (MLD50) of 
mouse adapted influenza A/PR/8/34 (H1N1) on day 0. One group (prophylaxis group) 
was begun on oseltamivir (as prodrug RO-64-0796 provided by Roche) for 5 days at a 
dose of 5mg/kg/day OG divided BID in 100111 distilled, de-ionized water. The second 
group (control group) was given 100[1,1 distilled, de-ionized water OG BID for 5 days. 
Both treatments were started 5 hours prior to infection with influenza virus. Seven days 
after infection with influenza virus, mice were challenged i.n. with 0.002 MLD 50 of S. 
Pneumoniae strain D39 (type 2). Mice were followed for morbidity (weight loss) and 
mortality for 21 days. Mice from each group were also sacrificed on days 3 and 7 to 
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Treatment Study: This study was identical to the prophylaxis study except that 
the oseltamivir was not begun until 48 hours after the infection with influenza. 
Oseltamivir or the placebo (deionized H20) was, as above, given for 5 days and mice 
were challenged with pneumococcus on day 7. 

Bioluminescence: 	To further investigate the synergisms in the treatment 
study, the treatment study was repeated. This study was identical to the Treatment Study 
except mice were infected with a bioluminescent strain of D39 pneumococcus. Live 
mice were imaged after infection with a bioluminescent pneumococcus transformed with 
the lux operon. 

Results 

In the prophylaxis study, the use of a neuraminidase inhibitor decreased morbidity 
as indicated by reduced weight loss in Figure 1-A. As expected, when the treatment is 
delayed for 48 hours after infection with virus, there was no significant difference 
between the weight loss of the oseltamivir and control groups (Figure 1-B). The gray bar 
in both figures represents when the oseltamivir was administered. 

A Oseltamivir 
❑ Control 

Figure 1-A. Prophylaxis Study Weight Curve 
These weight curves shows the percent weight of 
the groups before the secondary infection. 
p<0.05 by Student's t-test. 
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determine lung titers of virus. All experimental procedures were approved by the Animal 
Resource Center at St. Jude Children's Research Hospital. 

0 	1 	2 	3 	4 	5 	6 

Days Post Influenza Infection 

Figure 1-B. Treatment Study Weight Curve 
These weight curve shows the percent weight of 
the groups before the secondary infection. 
No significant difference. 
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In the prophylaxis study oseltamivir also decreased viral replication as shown by 
viral lung titers (Figure 2-A). There was no significant difference (p>0.10 by Student's T-
test) between the viral titers in the oseltamivir and control groups in the treatment study 
(Figure 2-B). 

Figures 2A and 2B: Viral Lung Titers 
These graphs show the lung titers (log 10) from both groups on both days three and 
seven. 

A- Prophylaxis Study 
	

B- Treatment Study 

3 	 7 

Days Post Influenza Infection 
3 	 7 

Days Post Influenza Infection 

Mice prophylaxed with oseltamivir had improved survival compared to controls (Figure 
3-A, p<0.005 by Mantel-Cox Chi-Squared test). Mice in the delayed treatment group had 
viral lung titers and weight loss similar to controls yet had significantly improved 
survival (Figure 3-B, p<0.01 by Mantel-Cox Chi-Squared test). 

Figure 3-A. Kaplan Meier Survival 
Curve For Prophylaxis Study 
These graphs (Figures 3-A and 3-B) show 
the percent survival of both groups 
through the duration of secondary 
infection. P<0.05 by Student's t-test. 

Figure 3-B. Kaplan Meier Survival 
Curve For Treatment Study 
P<0.05 by Student's t-test. 
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Mice can be imaged after infection with bioluminescent pneumococcus to determine the 
severity and location of pneumococcal pneumonia. Mice not preinfected with influenza 
cleared the low dose pneumococcus by 24 hours (Figure 4-A). Mice preinfected with 
influenza and treated with the placebo instead of oseltamivir developed a severe, diffuse 
pneumonia (Figure 4-B). Oseltamivir treatment restricts the pneumonia to a focal 
process similar to natural lobar pneumonia with pneumococcus (Figure 4-C). Measuring 
the relative light units emitted from the bacteria shows the amount of bacteria in the 
mouse lungs. Oseltamivir reduced bacterial lung titers in this model by two logs (Figure 
5). 

Figure 4. Image of Bioluminescent 
Pneumococcus 

These images show the intensity of the 
Bioluminescent pneumococcal infection. 
A. Control group 
B. Placebo group 
C. Oseltamivir group 

  

Figure 5. Relative Light Units 
This graph is the relative light units emitted from the infected bioluminescent 
pneumococcus (log 10). 
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Discussion 

Based on these data, the use of a neuraminidase inhibitor improves survival in a 
mouse model of lethal synergism between influenza virus and pneumococcus. Without 
the neuraminidase inhibitor, oseltamivir, infectious doses used in this study led to a rapid 
death in 100% of infected mice. In both the "prophylaxis" and "treatment" models, 
oseltamivir significantly improved survival. 

In the prophylaxis study, oseltamivir decreased morbidity as indicated by reduced 
weight loss. Oseltamivir also decreased viral replication as shown by viral lung titers. 
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The mice prophylaxed with oseltamivir had milder clinical symptoms and longer time to 
death. These results support the hypothesis that oseltamivir improves morbidity and 
mortality in•the mouse model of the synergism between influenza and pneumococcus. 

In contrast, when the treatment is delayed for 48 hours after infection with virus, 
there was no significant difference between the viral titers in the oseltamivir and control 
groups in the treatment study or in morbidity. However, in the delayed treatment study, 
the neuraminidase inhibitor nonetheless significantly improved survival. The latter result 
was unexpected. The fact that we saw a significant improvement in survival in the 
treatment study despite similar viral titers and weight loss implies that the effect of 
oseltamivir on the model is not limited to a replication effect on the virus and is not a 
direct result of the treated mice being less ill than the control group when challenged with 
pneumococcus. These data indicate that oseltamivir can interrupt the lethal synergism 
between influenza virus and pneumococcus by a mechanism independent of total viral 
titer in the lung. 

How might we explain this improved survival? The bioluminescence study 
provides some further insight into the mechanism of the synergism. Mice not preinfected 
with influenza cleared the low dose pneumococcus by 24 hours. Mice preinfected with 
influenza and treated with the placebo instead of oseltamivir developed a severe, diffuse 
pneumonia. Oseltamivir treatment restricts the pneumonia to a focal process similar to 
natural lobar pneumonia with pneumococcus. Quantitative results demonstrated that 
oseltamivir reduced bacterial lung titers in this model by two logs. 

We further hypothesize that a mechanism for this synergy is that the influenza 
virus strips sialic acid from large portions of the lung with its neuraminidase. This 
exposes receptors for pneumococcus, which can now attach freely throughout the lung. 
Oseltamivir interferes with this mechanism by blocking the influenza's neuraminidases. 
Oseltamivir thus prevents the diffuse infection common to post influenza pneumococcal 
pneumonia. 

These findings could lead to changes in the way influenza is treated and in the 
prescription of neuraminidase inhibitors. Neuraminidase inhibitors could be used not only 
as a treatment for influenza, but to prevent secondary infections, even when administered 
too late to slow the flu infection and decrease clinical symptoms. 

This is in preparation to be submitted for publication as: McCullers JA, Bartmess 
KC. Role of the viral neuraminidase in lethal synergism between influenza virus and 
Streptococcus pneumoniae. 
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Human Scythe, a key regulator of apoptosis, is extensively alternatively spliced 

Forrest Busier, Rhodes College, Memphis, TN 38112 and Peter McKinnon, Department of 
Genetics, St. Jude Children's Research Hospital, 332 North Lauderdale St., Memphis, TN 38105 

Abstract 

Scythe is a protein that regulates apoptosis, or programmed cell death, a process 
important during embryonic development and for the suppression of tumorigenesis. While the 
exact mechanism of Scythe regulation of apoptosis is unknown, murine knockout models show 
that Scythe deficiency is uniformly lethal to embryos, demonstrating the gene's importance. 
Previous studies suggest that Scythe RNA is extensively alternatively spliced prior to 
translation. I conducted a study of the alternative splice forms of Scythe in four human tissues: 
cerebellum, testis, hippocampus, and fetal brain. cDNA sequences were amplified by PCR, 
cloned with a bacterial plasmid vector, and sequenced. The Scythe transcript showed extensive 
alternative splicing, and splice forms differed among tissue samples. Future research will 
attempt to ascribe functional significance to the various splice forms. 

Introduction 

Scythe is a protein that regulates apoptosis, or programmed cell death. DNA damage, 
viral infection, and certain physiological stresses can induce apoptosis as a means of protecting 
an organism from cancer or infection (Evan & Littlewood, 1998). Although Scythe was 
originally discovered in Drosophila melanogaster (Thress et al., 1998), the conservation of the 
gene in Xenopus and mammalian genomes indicates its importance. While the exact mechanism 
of Scythe regulation of apoptosis is unknown, some studies have indicated that Scythe sequesters 
an inducer of apoptosis (Thress et al., 1999); while others suggest that Scythe regulates the 
folding of apoptosis signaling molecules in the nucleus (Thress et al., 2001). Murine knockout 
models show that Scythe deficiency is uniformly lethal to embryos; Scythe-/- embryos exhibit 
exencephaly, suggesting that Scythe is necessary for apoptosis of superfluous neurons (Russell et 
al., unpublished). 

While preparing to construct the mouse knockout, Russell and McKinnon characterized 
the structure of Scythe cDNA and found some alternative splicing at the 5' end of the sequence. 
Also, Western blots have identified Scythe proteins of varying size: a result that could be caused 
either by alternative splicing or by proteasomal degradation of the protein. 

Alternative splicing refers to the existence of multiple patterns in which the exons of a 
gene can be spliced together in the RNA transcript. Studies in proteomics are rapidly elucidating 
the importance of alternative splicing in increasing the functional diversity of proteins encoded 
by a single gene. Alternative splicing allows the proteome (i.e. the complement of all proteins in 
an organism) to be much more diverse than the genome would suggest (Graveley, 2001). 
Specific alternative splice•orms have been found to have major significance with respect to 
development and disease (Hanke et al., 1999). 

I conducted a study of the alternative splice forms of Scythe in four human tissues: 
cerebellum, testis, hippocampus, and fetal brain. Cerebellum, hippocampus, and fetal brain were 
chosen because of our lab's interest in neurological disorders. Testis was chosen because 
Northern blotting reveals extremely high levels of Scythe expression in testis (Russell et al., 
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unpublished). This observation is concordant with the occurrence of apoptosis in superfluous 
germ cells (LeGrand, 2001). 

Materials and Methods 

Human mRNA extracts were ordered for four tissues: hippocampus, testis, cerebellum, 
and fetal brain. Using Superscript reverse transcriptase, a cDNA library was constructed for 
each tissue. The cDNA library served as a template for polymerase chain reaction amplification 
of specific portions of the Scythe sequence. Three portions of the sequence were amplified in 
each tissue, using three primer sets. 

In examining sequences spanning exons 1 through 12 and exons 21 through 25, the PCR 
product was directly ligated into the pGEM ®-T Easy vector from Promega, according to 
protocol. In examining the region spanning exons 12 through 23, the PCR product was first run 
on an agarose gel, and two separate bands were purified using a Qiagen gel purification system. 
The purified PCR product was then ligated into pGEM ®-T Easy. 

pGEM®-T Easy is an artificial bacterial plasmid that contains the Amp r  gene, which 
confers ampicillin resistance to transformed bacteria. The cloning site lies within the lacZ gene, 
which codes for P-galactosidase, and enzyme that produces a blue product when bacteria are 
grown on X-Gal/IPTG agar plates. Successful cloning of an insert into the vector disrupts this 
gene, and resulting bacterial colonies are white. 

Competent DH5-a E. coli were heat-shock transformed with the vector, according to 
protocol. The bacteria were plated on LB/ampicillin/IPTG/X-Gal plates. Colonies containing 
insert were picked and grown in LB medium, and plasmids were purified by Qiagen mini-preps. 
Sequencing of the inserts was performed by the Hartwell Center for Bioinformatics and 
Biotechnology. Sequencing data was analyzed using Sequencher TM  4.1. 

Some splice forms were compared to sequences in the database of expressed sequence 
tags (EST) at the National Center for Biotechnology Information (NCBI). 

Results 

The region from exon 21 through exon 25, at the 3' end of the sequence, includes the 
nuclear localization sequence. This portion of the sequence yielded seven different splice forms 
(Figure 1). Exon 24 was frequently spliced out, and exon 22 was occasionally spliced out. In 
hippocampus, fetal brain, and cerebellum, a form was found in which the intron between exons 
22 and 23 was not spliced out. The intron included a stop codon that, if translated, would yield a 
truncated product. Since the nuclear localization sequence is within the 23 rd  exon, the sequence 
would not be included in the truncated product. In theory, the product would remain in the 
cytosol after translation. 

In the region of the sequence spanning exons 12 through 23, splice forms of two sizes 
were found. Of the larger splice forms, exon 22 was sometimes missing, confirming the 
discovery from the study of exons 21 through 25 that exon 22 is sometimes spliced out. 
Interestingly, a large number of transcripts were very short, including only exons 12, 23, and part 
of 22. These smaller splice forms do not conform to the GT-AG rule, and they are spliced in 
such a way that after the splice junction, open reading frame is not maintained (i.e., a stop codon 
appears due to a frameshift). 
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Figure 1. Alternative splice forms for exons 12 through 23 and 21 through 25, and the 
numbers of each form found in each tissue. (Qualitative measures are based on relative 
strength of band when PCR product was run on agarose gel.) Each segment represents 
one exon. Triangles with dots indicate that introns containing ston codons were not 

The study of the sequence spanning exons 1 through 12 yielded more interesting results 
(Figure 2). The exon termed #11, which appears in the testis and fetal brain libraries, was 
previously unknown as an alternative exon. Also in the testis and fetal brain libraries, exon 4 has 
been spliced out of some of the transcripts. 

In addition to these neat examples of alternative splicing are numerous examples that do 
not follow the GT-AG rule and do not maintain open reading frame. Most of the splice forms in 
this region of the sequence are of this unconventional form. 
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Figure 2. Alternative splice forms for exons 1 through 12, with indication of whether sequences 
spliced out follow GT-AG rule and whether open reading frame is maintained. 

Discussion 

Alternative splicing is a means of adding functional diversity to the proteome. Through 
the patterns of piecing together mRNA transcripts, eukaryotes are able to increase vastly the 
functional capabilities of their genes. Gravely (2001) mentions several examples in which 
alternative splicing is thought to play an important functional role. Alternative splicing of the slo 
gene, which codes for a calcium-activated potassium channel, is thought to be largely 
responsible for tuning hair cells in the cochlea to be sensitive to various frequencies. Also, 
neurexins, neural adhesion molecules involved in synaptogenesis, are alternatively spliced, and 
some researchers have proposed that the various isoforms of neurexin are responsible for 
regulating neural connectivity. 

Specific splice forms can also be associated with certain diseases (Hanke et al., 1999). 
One research team mutated the Wilms' tumor suppressor gene Wtl in mice so that a particular 
splice form could not be created (Hammes et al., 2001). This inability to add three amino acids 
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to protein resulted in a phenotype similar to Fraser syndrome, including severe developmental 
abnormalities of the urogenital system. 

The studies with Scythe indicate that the RNA transcript is extensively alternatively 
spliced. Because the gene's function, as revealed in mouse knockout models, is so important, the 
alternative splice forms must also be functionally significant. 

The finding of so many unconventional splice forms that violate the GT-AG rule is 
difficult to explain. In the Hammes study (2001), mutation of the "GT" at the 5' end of 
alternative introns completely ablated the ability of that sequence to serve as an intron/exon 
boundary. It is conceivable that these unexpected sequences are mis-spliced transcripts that 
would quickly be degraded in the cell. Even if they are present in extremely low concentrations 
in the cell, they could appear in great numbers in this study for two reasons. First, PCR is an 
extremely powerful amplification tool, and an extremely small number of copies of a sequence 
can be amplified many orders of magnitude. Second, it is possible that in ligating PCR product 
into the vector, smaller inserts are preferentially cloned. 

If these unconventional splice forms were indeed translated, they would yield truncated 
products. Extensive Western blot studies using antisera specific to various portions of the 
protein would be necessary to determine whether truncated products are formed in vivo. Some 
of the unusual splice forms have been matched with sequences in the database of expressed 
sequence tags (EST's), indicating that other investigators have encountered these sequences in 
random searches through the mRNA of other tissues. These matches do not confirm that these 
sequences are expressed, but they do suggest that future research should address the origin and 
function of unconventional splice forms. 

Two of the more interesting splice forms are those in which the intron between exons 22 
and 23 is not spliced out. If translated, this sequence would yield a cytosolic product, because a 
stop codon occurs upstream of the NLS. Currently, Scythe is known only as a nuclear protein. 
The sequence containing a stop codon upstream of the NLS has been cloned using the murine 
stem cell virus plasmid (MSCV). This will allow expression of the gene in mammalian cells and 
determination of the functional significance of this splice form. 
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Cloning and Expression of Epstein-Barr Virus Latency Proteins RPMS1 and A73 

Marian Butcher, Rhodes College, Memphis, TN and Jeff Sample, St. Jude Children's Research 
Hospital, Memphis TN 

Introduction 

Epstein-Barr Virus (EBV) is a human herpesvirus that is causally associated with 
infectious mononucleosis and malignancies such as Burkitt lymphoma (BL), nasopharyngeal 
carcinoma and Hodgkin's disease (Rickinson and Kieff, 1996). When a latent EBV infection in 
B cells is established in vitro, these cells undergo immortalization. Within EBV-immortalized 
B-cell lines, twelve latency-associated EBV genes are expressed. These are the six EBV-
encoded nuclear proteins: EBNA-1, -2, -3A, -3B, -3C, and —LP; and three integral membrane 
proteins, LMP-1, -2A and —2B. Less well characterized is a family of alternatively spliced 
mRNAs, the BamHI-A rightward transcripts (BARTs), whose function is not yet known (Smith 
et al., 2000). The remaining two latency genes do not encode protein, but two small non-coding 
RNAs, EBER-1 and EBER-2. 

In vivo, EBV establishes a life-long asymptomatic latent infection within B lymphocytes. 
Unlike latently infected B cells in vitro, these do not express the transforming/immortalizing 
genes of EBV. Despite this, the tumorigenic potential of the BL cell line Akata is dependent 
upon latent infection by EBV. Consistent with this, EBV-positive Akata BL cells are more 
resistant to apoptosis than EBV-negative Akata cells that spontaneously lose the EBV genome in 
culture. This resistance to apoptosis is attributed to the up-regulation of the anti-apoptotic 
protein BCL-2 in EBV-positive Akata BL cells and, under growth-limiting conditions as would 
be expected in actual tumors, a down-regulation of the proto-oncoprotein c-MYC (Ruf et al., 
1999). The combination of these two events is believed to contribute significantly to BL 
tumorigenicity. 

Previous research has addressed the potential contribution to tumorigenicity by three of 
the latent genes expressed in Akata and other BL cell lines: EBNA-1, EBER-1 and EBER-2. 
Expression of EBNA-1 alone in EBV-negative Akata BL cells did not increase the tumorigenic 
potential of these cells when assessed for tumor induction in severe combined immunodeficiency 
(SCID) mice, nor did EBNA-1 induce the down-regulation of c-MYC or upregulation of BCL-2 
(Ruf et al., 1999). By contrast, expression of EBER-1 and EBER-2 in EBV-negative Akata BL 
cells enhanced their tumorigenic potential in SCID mice, but not to the level of EBV-positive 
Akata BL cells (Ruf et al., 2000). However, like EBNA-1, the EBERs were unable to affect c-
MYC and BCL-2 expression (Ruf et al., 2000). These findings suggest, therefore, that an 
additional EBV gene is required for BL cells to achieve their full oncogenic potential, 
presumably, one that inhibits apoptosis by targeting c-MYC and/or. BCL-2. 

The BART RNAs are the only remaining latency-associated EBV gene products known 
to be expressed in BL cells that have not been evaluated for their contribution to tumorigenic 
potential. Our hypothesis, therefore, is that one or more of the BART-encoded proteins 
contributes to BL-cell tumorigenicity. The objective of this project was to clone and express two 
of the BART-encoded proteins, RPMS1 and A73, to enable us to test the contribution of these to 
tumorigenicity. To do this we cloned RPMS1 and A73 cDNAs into mammalian expression 
vectors so that they could be expressed in EBV-negative Akata BL cells. We were successful in 
cloning RPMS 1 and A73, however, initial generation of cell lines stably expressing these EBV 
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proteins failed, possibly due to toxicity as a result of over expression. Generation of stable cell 
lines is currently underway using A73 and RPMS 1 cloned into alternative expression vectors 
based on murine stem cell retrovirus (MSCV). 

Methods 

Cell culture. The following cell lines were used in this study: the A.15 subclone of the 
EBV-positive BL cell line Akata, two EBV-negative subclones of the Akata cell line (A2 and 
3F2), the EBV-immortalized B-cell line AG8-O-cord, and the Loucks B cell line. The cell lines 
were maintained in RPMI 1640 medium supplemented with 2 mM L-glutamine and 10% fetal 
bovine serum. Cells were fed 2-3 times per week by aspirating 80% of the media from the 
flask and replacing it with fresh growth medium. 

Generation of RPMS1 and A73 cDNAs. cDNAs that encode RPMS1 and A73 were 
generated by reverse transcription-polymerase chain reaction (RT-PCR), so that these could be 
cloned into DNA expression plasmids. Because there is no antibody currently available for the 
detection of RPMS1 or A73 in cells, we engineered a c-MYC antibody epitope onto the 5' end of 
the RPMS 1 and A73 cDNAs, such that they could be detected with an antibody to c-MYC. The 
RNA used to generate the RPMS1 cDNA was isolated from the EBV-positive BL cell line A.15; 
the RNA used to generate the A73 cDNA was isolated from the EBV-immortalized B-cell line 
AG8-O-cord. Total cell RNA was isolated by extraction in RNAzol-B (Tel-Test, Inc.) as 
recommended by the manufacturer, and then extracted with an equal volume of 
phenol:chloroform:isoamyl alcohol (25:24:1), followed by extraction in chloroform:isoamyl 
alcohol (24:1), and then precipitated in 2.5 volumes of absolute ethanol at —20° C overnight. 
cDNA was synthesized from 2µg of total RNA with Superscript II reverse transcriptase 
(GibcoBRL) in a 20111 reaction. cDNA synthesis was primed with either an oligo(dT)-adapter 
primer (Gibco-BRL), or a gene-specific primer. One-microliter aliquots of cDNA were then 
amplified by PCR in a 50-pl reaction containing primers (25 pmole each) specific for RPMS1 or 
A73. The 5' primer for each cDNA included the coding sequence for the c-MYC epitope 
(GlnLysLeuIleSerGluGluAspLeu). Amplification was for 30 cycles (1 cycle = 94°C, 30 sec; 
50°C, 1 min; 72°C, 2 min), followed by a 10-min extension at 72°C. 

cDNA cloning. Amplified cDNA was analyzed by agarose-gel electrophoresis to ensure 
that they were the correct sizes, and were then cloned into the TOPO vector (Invitrogen). These 
clones were then subjected to DNA sequence analysis to confirm that the cDNAs were indeed 
specific for RPMS1 or A73, and that misincorporation artifacts had not been introduced during 
PCR amplification. In vitro transcription/translation (IVT) was performed to generate proteins 
from these cDNAs, which were analyzed by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) to confirm that the cDNAs encoded the proteins of the expected 
size for RPMS1 and A73. 

Transient Expression of RPMS1 and A73. RPMS1 and A73 cDNAs were cloned into 
the EcoRI site of the transient expression vector pSG5 after excising the cDNA from TOPO by 
EcoRI digestion. The DNA was then purified and transfected into Loucks B cells by 
electroporation. Forty-eight hours post transfection, immunoblot analysis was performed to 
detect protein expression (see below). 

Generation of stable cell lines that express RPMS1 and A73. To generate EBV-
negative Akata cell lines that stably expressed RPMS1, the pLXSN-based expression vector 
containing RPMS1 (10 pg) was introduced into A2 and 3F2 cells by electroporation. The 
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control cell lines received pLXSN lacking the RPMS1 cDNA. Forty-eight hours after 
electroporation, cells were placed into 96-well tissue culture plates (10 4  cells per well) in 
medium containing 400 tg G418 per ml to select for cells that contained pLXSN plasmid. 

Immunoblot analysis of cell lines. G418-resistant cells were expanded from 96-well 
plates to 24-well and then to 6-well plates. The cells from the 6-well plates were washed once in 
phosphate-buffered saline, lysed in SDS-PAGE sample buffer (100 mM Tris-HC1 [pH 6.8], 200 
mM dithiothreitol, 4% SDS, 20% glycerol, 0.2% bromophenol blue), immediately sonicated to 
shear DNA, and heated for four minutes at 100 °C to denature the protein. The proteins were 
then separated by SDS-PAGE using 12% acrylamide gels, transferred to an Immobilon P 
membrane (Millipore), and immunoblotted by using an enhanced chemiluminescence detection 
system (Amersham). The primary antibodies used to detect RPMS1 and A73 containing a c-
MYC epitope was the mouse monoclonal antibody 9E10, specific for c-MYC. Immunoreactive 
proteins were then detected with secondary antibody conjugated to horseradish peroxidase and 
specific for mouse IgG, the isotype of the 9E10 antibody, followed by autoradiography to detect 
horseradish peroxidase activity on the membrane. 

Results and Discussion 

Cloning and analysis of RPMS1 and A73 cDNAs. The RPMS1 and A73 cDNAs were 
successfully amplified by RT-PCR, and then cloned into the TOPO plasmid vector (Invitrogen) 
for sequence analysis and expression in vitro by IVT. The TOPO vector is useful because it can 
be readily ligated to DNA fragments generated by PCR that do not have a specific restriction on 
either terminus. It also contains annealing sites on either side of the cloning site for commonly 
used DNA sequencing primers. Additionally, RNA polymerase T7 and SP6 promoters are also 
present on either side of the cloned fragment that allow it to be expressed in vitro by IVT. Once 
cloned into this vector, the RPMS1 and A73 cDNAs were sequenced to confirm that 
misincorporation artifacts had not been introduced during their amplification by PCR. To ensure 
that the expected size protein could be expressed from the cloned cDNAs, they were transcribed 
and translated in vitro in rabbit reticulocite lysates (representative data for RPMS 1 expression is 
shown in Fig. 1). 

Having demonstrated that the cDNA sequence for both genes was correct and that the 
respective protein was expressible from their cDNA, we next subcloned the cDNAs from the 
TOPO vector into the transient expression vector pSG5 to enable us to determine whether these 
proteins could be expressed within cells. RPMS 1 was also cloned into the retroviral expression 
vector pLXSN to enable it to be expressed stably in EBV-negative Akata BL cells. If 
successfully expressed from pLXSN, then A73 as well would be cloned into this vector to 
generate stable A73-expressing BL cell lines. Both cDNAs were subsequently cloned into the 
murine stem cell retrovirus vector MSCV.GFP as an alternative to pLXSN (see below). An 
analysis of all RPMS 1 and A73 plasmids by restriction endonuclease digestion and agarose gel 
electrophoresis is shown in Fig. 2. 
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FIG. 1. In vitro 
transcription/translation (IVT) of the 
RPMS1 cDNA. Illustrated is an 
immunoblot of the expected-size 
MYC-tagged RPMS 1 protein 
(arrow). The positive (+) control 
lane contained a lysate of BL cells 
and the protein detected is cellularly 
expressed c-MYC. The negative (-) 
control was the product from and 
IVT reaction that did not contain a 
cDNA template. Two different 
RPMS1 cDNA templates (1 and 2) 
were expressed: one under control 
of the. T7 RNA polymerase 
promoter, and the other the SP6 

FIG. 2. RPMS1 and A73 cDNAs were 
cloned into eukaryotic expression vector 
pSG5, and retroviral expression vector 
pLXSN and/or MSCV. Shown is an 
agarose gel containing EcoRI-digested 
plasmid DNA. Bands denoted by stars are 
incomplete digest products. (M) DNA size 
standards. 
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Transient and stable expression of RPMS1 and A73. To determine whether the 
RPMS1 and A73 proteins could be expressed within cells, both pSG5-derived RPMS1 and A73 
expression vectors were transfected into Louckes cells, an easily transfectable human B-cell line, 
by electroporation. Expression of both proteins was checked by immunoblot analysis of the 
transfected Louckes cells 48 hr post transfection. In both cases, the expected-size protein was 
detected with the antibody to the c-MYC epitope (data not shown). After transient expression 
was confirmed, we next preceded with the generation of EBV-negative Akata cell lines that 
express RPMS 1. To do this, we transfected Akata cells (by electroporation) with the pLXSN-
derived RPMS 1 expression vector, which also encodes the neomycin-resistance gene, enabling 
cells that incorporate the pLXSN DNA into their chromosome to grow in the presence of the 
drug G418. Approximately fifty G418-resistant clones were expanded and evaluated by 
immunoblot analysis for RPMS 1 protein expression. Unfortunately, although the cells were 
G418-resistant, none expressed the RPMS1 protein. This, however, is not uncommon if a protein 
is toxic to cells when over expressed. 

Future directions. In an attempt to circumvent this problem, the RPMS1 and A73 
cDNAs were cloned into a different retroviral expression vector, MSCV.GFP. Unlike for 
pLXSN, cells that incorporate this vector express the green fluorescence protein (GFP) instead of 
a drug-resistance gene. This enables the transfected cells to be selected by fluorescence-activated 
cell sorting (FACS) within 48 to 72 hr after transfection, as opposed to drug selection which 
takes 1-2 months. More importantly, the selection gene in the MSCV vector (GFP) is encoded by 
the same mRNA as the cloned cDNA. Thus, if the cells express GFP, the likelihood that the 
cDNA is expressed as well is much greater than if the cDNA and selection marker, e.g., the 
G418-resistance protein, are expressed from the vector as separate genes, as in pLXSN. As both 
cDNAs have been successfully cloned into MSCV.GFP, these vectors are currently being used to 
generate EBV-negative Akata cell lines that stably express RPMS1 and A73. 
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The Effect of Neuronal Interleukin-16 on the Spatial Learning Ability of Mice 

Katie Cox and J.A. Blundon, Rhodes College, Memphis, TN 

Introduction 

Recent research had lead to the characterization of neuronal interleukin-16 (NIL-
16), a novel protein located in the hippocampus and cerebellum of mice. Both of these 
areas are very important in memory formation and spatial learning ability (Kandel et al., 
2000). Further investigation of NIL-16 has lead to the identification of two distinct 
regions. The area near the N-terminus of the protein works as a PDZ domain which 
serves as an intracellular scaffold to collect ion channels and certain receptors, 
specifically NMDA receptors, into functional clusters (Kurschner and Yuzaki, 1999). 
These PDZ domains have gained much attention in the last few years, as they have been 
found to play an integral part in the organization of cellular membranes, and thus in the 
functionality of synapses in the nervous system (Ponting et al., 1997). The other area, 
near the C-terminus region, is 99.4% identical to the precursor for interleukin-16 found 
in the mouse immune system (Kurschner and Yuzaki, 1999). 

In the immune system, IL-16 functions as a cytokine to help regulate 
response to foreign invaders (Vander et al., 2001). Many similarities between the 
biochemical and cellular mechanisms of this interleukin in the immune system and in 
the brain have been discovered. In mice, the,  enzyme capsase-3 cleaves the C-terminus 
end of NIL-16 so as to produce the active interleukin-16 unit just as it does in the 
immune system (Kurschner and Yuzaki, 1999). In the immune system, IL-16 acts via 
binding with CD4 receptors. These same receptors have been located in cerebellar 
granule neurons of mice, and exposure of these receptors to the activated IL-16 induces 
an upregulation in gene expression leading to the phosphorylation of tyrosine 
(Kurshchner and Yuzaki, 1999). 

The objective of this research was to investigate whether the ability to 
express NIL-16 affected the spatial learning and memory of mice. This was 
accomplished by using mice that have been genetically engineered so that they could not 
express the C-terminus end of NIL-16 (referred to as knock-outs) and wild type mice 
with no genetic changes. We hypothesized that those mice without the ability to express 
NIL-16 would show a spatial learning deficit in comparison to the wild types, as the 
knockouts were missing a protein found in high concentration in areas of the brain 
associated with learning. Each mouse was tested using a Morris water maze protocol, a 
widely accepted tool for studying the basis of learning and memory in different 
laboratory models (McNamara and Skelton, 1993). 

Methods 
Preparation 

Twelve Mus musculus ranging from 3-5 months in age were obtained from St. 
Jude's Research Hospital, where they had been tail-clipped for genotyping and toe-
clipped for identification shortly after birth. Approximately equal portions of wild 
genotype versus NIL-16 knockout genotype mice were used, but the experimenter had no 
knowledge of which mice was which genotype during the experiment. These mice were 
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stored in the Rhodes College animal storage facilities. They were well-feed, under no 
physiological stressors, and kept on a twelve-hour day, twelve-hour night time cycle with 
the lighted portion lasting from 7 a.m. to 7 p.m. A plastic pool 122 cm in diameter and 
30 cm high was placed in the center of a small room. Visual cues made from 21.6 cm by 
27.9 cm paper consisting of large horizontal stripes, large vertical stripes, and large 
triangles were placed on three of the walls. Cues were placed just above the rim of the 
pool, and all were within 70 cm from the edge of the pool. A video camcorder was 
mounted to a platform which was stationed directly over the pool. This camcorder was 
connected to a VCR and television monitor that was placed outside the testing room. 

Visible Platform Training 
The pool was filled with water up to a depth of 15.4 centimeters. A clear plastic 

platform with a diameter of 10 cm was placed in the pool at a randomized location 
approximately 25 cm from the edge of the pool. A new pool location was randomly 
chosen for each run. The platform top was 0.6 cm above the water level. A blue scrub 
sponge was cut to fit and affixed to the top of the platform so that the mice would have a 
rough surface on which to attach themselves. The water level was maintained throughout 
this portion of the experiment, and the temperature of the water was kept at 26 degrees 
Celsius via placing two aquatic thermometers in the pool during all times in which no 
testing was taking place. A timer visible to the camera was started before each run. 

For each run, an identified mouse was placed in a randomly chosen location 
facing the side of the pool approximately 10 cm from the edge. The mouse was lowered 
in such a way that his or her face was not submerged in water. The experimenter then 
immediately left the testing room and monitored the mouse on the television screen. The 
mouse was allowed to swim for a maximum of two minutes, at which time he or she was 
guided to the platform if it had not yet been found. The mouse was left on the platform 
for 15 seconds so as to allow him or her to become spatially oriented to the room. The 
mouse was then rescued from the platform and allowed to dry in a cage line with several 
layers of paper towels. Each mouse was tested in the morning and in the evening for a 
period of five days. 

Hidden platform training 
This series of testing began two days following the end of visible platform 

training. The pool was filled to a depth of 16.7 cm, allowing the platform to sit 
approximately 0.7 cm below the surface of the water. A white scrub sponge was attached 
to the top of the platform before it was randomly placed at a location in the pool, where it 
remained for each of the ten runs. Approximately 500 milliliters of white tempera paint 
was added to the pool. This was stirred into the water with an aquatic vacuum system 
which remained on whenever the pool was not being used for testing so as to prevent 
settling of the paint. Water level and temperature were maintained just as done in the 
visible platform training. 

Runs were performed in the same fashion as the visible platform trials, allowing 
the mouse to stay in the pool for a maximum of two minutes. As before, each mouse was 
tested in the morning and in the evening for five consecutive days. The trial was 
recorded on video each time. 
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Probe Testing 
This test took place ten days following the end of the hidden platform testing. 

The pool was set-up in the exact same matter as explained above, except no platform was 
placed in the pool. An identified mouse was randomly placed into the pool 
approximately 10 cm from the edge of the pool so as to be facing the rim. The 
experimenter then moved out of the testing room. The mouse was allowed to swim for 
two minutes, before being rescued by the experimenter and allowed to dry in a cage lined 
with paper towels. The swim was recorded using the camcorder as done in previous 
sections of the experiment. 

Results 

We saw a general decrease in escape time over the first five runs for both groups 
in the hidden platform trials. The last five runs are not included due to the large 
variability seen within the data.. As illustrated in figure 1, the wild types spent at least 
five seconds less time finding the platform than the knockouts for each run. The standard 
error bars here were quite large, and thus left off so as not to obscure the data. Even 
though the standard error bars did overlap, this data show a general trend of decrease in 
escape time over successive runs. 

10 	 

0 	 

0 

Run Number 
Figure 1. The average escape time for wild type and knock out mice over the first five runs. The knockout 

group took slightly longer than the wild types to find the platform. 

There were virtually no differences in the swimming speed of the two groups (Figure 2) 
during the hidden platform training. In fact over the ten runs, the speed remained around 
0.25 meters per seconds for both the wild type and knockout mice. As the graphs shows, 
standard error bars overlapped in most cases. 
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Figure 2. There were no marked differences in the swimming speeds of the two groups over the 
ten hidden platform trials. 

The probe test (in which no platform was present) showed that wild-type mice 
preferred to stay in the quadrant of the pool in which the platform had formerly been 
placed more so than the knockouts (figure 3). The wild type group spent approximately 
44.5 seconds in quadrant 1 (where the platform should have been), whereas the 
knockouts only spent 32.5 seconds in the same region. Standard error bars indicated that 
there was a considerable difference in the means between the two groups. 

01 Q2 Q3 Q4 

Quadrant 

Figure 3. The wild type mice spent appreciably more time in quadrant 1 than the 
knockout group during probe testing. 

Platform crosses served as a measure of how many times each of the mice crossed 
over the region where the platform should have been during the probe testing. The wild 
type mice crossed over this area roughly twice as often as the knockout mice did (figure 
4). 

♦ Knock Out 

Wild Type 
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Figure 4. The wild types crossed over the platform area an appreciably greater number of times than the 
knockouts during probe testing. 

Discussion 

As can be seen in figure 1, over the course of the hidden platform training, both 
groups did begin to lessen the necessary time required to escape from the pool. This 
seems to indicate that some form of learning was occurring. After the first day of 
training, however, the wild-type mice took at least five seconds less time to find the 
platform for each run than the knockouts. We expected the wild types to learn to escape 
quicker, and although the variability in the data is too great to show any significance, the 
general nature of that trend can be seen. 

Recent research has indicated several explanations for the great deal of variability 
we encountered within the data which made it impossible to interpret our results as 
statistically significant. Although the Morris water maze has been in use for over twenty 
years in some form, the protocol was originally designed for use with rats instead of 
mice. Whishaw and Tomie found that mice were significantly impaired in their learning 
to find the hidden platform in comparison to rats using similar testing procedures to ours 
(1996). In a dry land maze test, however, both species learned with very similar results. 
This difference in maze learning was most likely due to the fact that most mice live in dry 
habitats, whereas rats are adapted to both land and water (Whishaw and Tomie, 1996). 

The swim speed of both groups of mice was very similar throughout the entirety 
of the hidden platform trials, as indicated in figure 2. The lack of difference in speed 
between the two groups guaranteed that the wild-types were not reaching the platform in 
less time or spending more time in that particular quadrant simply because they were 
swimming faster than the knock-outs. Thus, we eliminated swim speed as a confounding 
variable to our findings. 

The probe testing revealed important information about learning differences. The 
wild types spent markedly more time in the platform quadrant than the knockouts (figure 
3), and they crossed the previous location of the platform more frequently (figure 4). 
This concurs with our hypothesis that those without the C-terminus of NIL-16 would 
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show some sort of spatial learning deficit. The highest concentrations of NIL-16 have 
been found in the hippocampus and cerebellum, areas that play an important role in place 
mapping and memory formation (Kurschner and Yuzaki, 1999). Our findings indicated 
the absence of the C-terminus end of NIL-16 created a learning deficit in mice, and thus a 
lack of the protein likely had some deleterious effect on spatial learning and memory. 

There are several possibilities for future research into the effects of NIL-16. As 
stated above, the knockout mice only lacked the C-terminus region of the protein, so an 
obvious follow-up experiment would be to study the learning of mice who had neither the 
N-terminus nor the C-terminus of NIL-16. The cleaved IL-16 interacts with CD4 
receptors which have been located in the brain. By blocking these receptors, we might 
better elucidate the function of interleukin in the brain. Further investigation with mice 
would be done using a radial arm maze or other dry land test so as to alleviate any 
confounding caused by the overall impairment of mice in the water maze. 
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The Development of a Mouse Model to Study PTEN Function in the Brain 

Emily Cunningham, Rhodes College, 2000 N. Parkway, Memphis, TN 38112 and 
Suzanne Baker, St. Jude Children's Research HoSpital, 332 North Lauderdale, Memphis, 
TN 38105 

Introduction 

PTEN is a tumor suppressor gene found on chromosome 10 which is known to 
play a role in cell cycle arrest and apoptosis (Cristofano and Pandolfi, 2000). Mutations 
of PTEN have been found in a large fraction of patients with the hereditary syndromes 
Cowden disease, Bannayan-Zonana syndrome, and Lhermitte-Duclos disease as well as 
in developmental disorders such as macrocephaly, mental deficiencies, and gliomas 
(Lachyanker, et al., 2000). In order to create better therapies for these diseases it is 
important to understand the causal pathway that is responsible for their development. 
This is accomplished by developing a mouse model of the suspected mutation and 
witnessing the same tumor results (Holland, 2001). 

I used Cre/lox technology and a promoter specific for astrocytes, SC1, to create a 
strain of mice which could be used to observe the effects of PTEN deletion in astrocytes. 
The Cre/lox system is used to create gene-modified animals. Cre is a site specific DNA 
recombinase which recognizes loxP sites and excises the DNA between them in a 
covalently closed circle (Sauer, 1998). By controlling the expression of Cre, a specific 
gene can be knocked out of a particular tissue at a particular time giving a more complete 
understanding of that gene's function. One way to control the expression of Cre is to 
place it downstream from a promoter whose developmental and tissue specificity is 
known. Because I was interested in the effects of PTEN mutations in glial cells I chose 
to use the SC1 promoter. Immunohistochemistry and in situ analysis have shown that 
SC1 is a component of astrocytes in the adult rat brain (McKinnon, 1996). To determine 
the expression of Cre, the transgenic mouse was crossed with a ROSA26 reporter. The 
ROSA26 strain is a reporter mouse which expresses a lacZ gene in the presence of Cre. 
The lacZ expression can then be detected by X-Gal staining (Soriano, 1999). X-Gal is a 
substrate of beta-galactosidase which is metabolized into a deep blue color upon 
expression of the lacZ gene. This technique was used to determine the expression pattern 
of Cre in this new mouse. 

Methods 

Transgenic Mice. A 1.8 Kb fragment containing Cre as well as a poly A signal was cut 
from the vector pMC-Cre using EcoRI. This was inserted into the pBS vector and Sall 
was used as a diagnostic cut to check for correct orientation. A 1.7 Kb insert is dropped 
out in the correct orientation and the DNA is linearized if the insert is in the wrong 
orientation. An 8Kb fragment containing the SC1 promoter as well as exon 1 and intron 
1 from the pSC1-lacZ construct was cut using HindIII. This was inserted into pBS-Cre 
vector upstream from Cre and XbaI was used as a diagnostic cut. Correct orientation 
leads to three pieces of lengths 5.8'Kb, 4 Kb, and 3Kb, whereas incorrect orientation 
yields pieces of lengths 7Kb, 4Kb, and 1.8 Kb. Injection DNA was purified from low 
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melting point agarose gel and concentration was determined using spectrophotometry. 
DNA sequencing was used to determine the presence of the Cre gene in the final insert. 
Polymerase Chain Reaction. Genomic DNA from tail was exracted overnight using 
Laird Buffer with Proteinase K. 30 pmol fragments from Cre sense and antisense were 
used to determine presence of Cre. The reaction went through 30 cycles and results were 
seen by electrophoresis on a 1.5% agarose gel. 
X-Gal Staining. Mice were perfused transcardially with 4% paraformaldehyde in PBS. 
Brains were divided sagitally and brain and organs were embedded in Tissue Tek O.C.T. 
compound over dry ice and cut into 12 micrometer cryosections for X-Gal staining. 
Hematoxylin counterstain was used to determine slide position within the brain. 
Littermate controls were perfused at the same time and tissues underwent identical 
processing. 

Results 

To create a transgenic mouse I had to make a strand of DNA for pronuclear 
microinjection into a zygote. Using restriction digests and ligations, I cloned both the 
promoter and the Cre into pBlueScript II KS vector (Figure 1). Insertion and orientation 
were confirmed by a series of test digests and gel electrophoresis. 
After microinjection, the 13 pups in the litter were marked and their tails were clipped on 
post-natal day 6. PCR showed that 
microinjection was successful with one 	 ilmaln

oRI 
 

male pup. This founder was bred with 	 Cre i.sKb 

a ROSA26 reporter mouse. Six pups 
from the breeding of the Cre founder 
and the reporter were perfused on post-
natal day 23. Half of each brain, plus 
samples from the thymus, heart, lung, 
liver, spleen, kidney, and ovary or 
testis of each mouse were prepared for 
cryosectioning and X-Gal staining. 
Each mouse found Cre+/Rosa+ was 
paired with a littermate control mouse 
which was Cre-. 

Slides were stained with 
hematoxylin to match them according 	 Sall 

m ai 
to the first appearance of the dentate 	 H ba 

sci gyrus. Patterns of Cre activity were 	p 
8Kb 

assessed by X-Gal staining of 
Figure 1. The transgenic construct consists of an 8Kb pSC I -Hind111 upstream from 

cryosections. X-Gal staining of the 	1.8 Kb Cre-EcoRI in the 3 Kb pBS e ct o r The insert can be freed by Sall cut 

brain showed Cre expression in such 
glial rich regions as the cortex, the dentate gyrus, and the thalamus. In the cerebellum, 
Cre expression was found in the white matter tracts and especially in the Purkinje cell 
layer (Figure 2). There was also some detection of beta-gal in the lung, spleen, kidney, 
and ovary or testis. (Figure 	This was not due to the presence of endogenous beta-gal 
as it was not observed in the negative control which lacked Cre. 
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Figure 2. The region of the cerebellum (left) shows ore expression in the Purkinje cell 
layer as well as in the white matter tracts. The picture of the cerebrum (right) shows 
expression in the cortex, the dentate gyrus, and the thalamus. 

Figure 3. X-Gal stained organs from Cre+/ROSA+ mouse. Top row (1 to r): heart, 
thymus, testis. Middle row (1 to r)liver, lung. Bottom row (1 to r)kidney, spleen. Dark 
blue areas show presence of beta-gal, and therefore Cre expression. 
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Discussion 

The purpose of Cre/lox technology is to selectively delete a gene according to 
tissue and developmental specificity, thereby avoiding embryonic lethality that occurs 
after ablation of genes necessary in embryonic development. It also allows for the 
determination of the gene's role in a particular tissue as opposed to generalized deletion, 
which would be less informative. A successful mouse model for disease is one in which 
a specific gene can be knocked out in such as way as to determine it's role in a tissue 
without severe consequences which make the mouse impossible to study, such as 
embryonic lethality. The mouse I have created would most likely be able to serve in this 
manner. Although there was expression in organs other than the brain, that expression 
would probably not be enough to interfere with the determination of PTEN's role in the 
brain. Deletion of PTEN in organs has been shown to cause abnormal cell size and 
proliferation, therefore a knockout mouse from this construct might develop tumors in 
other body systems besides the brain, but these probably would not be enough to cause 
death. Most importantly, there was no Cre expression in the thymus, an organ most 
drastically affected by PTEN loss (Kwon et al., 2001). 

There are several explanations for this unexpected expression in other tissues. 
Integration of the transgene into the genome is a random process and perhaps the point of 
insertion changes the expression pattern of the promoter. Also, an important point to 
understand about Cre/lox is that when Cre is expressed in any progenitor cell at any point 
in development, every subsequent cell that that gene gives rise to will show the effect of 
that Cre expression. So the large amount of expression seen in the testis, for example, 
may be due to transient SC1 expression at an early point in testis development, even if 
SC1 is never actually expressed in mature testes. It is also possible that SC1 is in fact a 
marker for other types of cells besides just astrocytes. Extensive research has been done 
which shows SC 1 to be an astrocyte marker, but that does not automatically exclude it 
from being a marker for other types of cells as well. The important distinction is that 
SC1 is found in glial cells and not neurons, making it most fruitful in the study of human 
tumors arising from glial cells, such as glioblastomas. 

An experiment should be performed at this point in the research to confirm the 
expression of Cre in glial cells and exclude the possibility of its expression in neurons. 
The best way to determine this is through an immunohistochemistry technique known as 
double-labeling. Double labeling is performed by detecting the presence of lacZ 
expression using beta-galactosidase coupled with the use of either a neuronal marker 
(NeuN) or a glial marker (S100beta) and then using a computer program to determine 
overlap of the two signals. 

Through the use of Cre/lox technology and the promoter for a known astrocyte 
marker, I have successfully created a mouse that could be used to study PTEN loss in 
glial cells. From other research on PTEN knockouts, the knowledge of PTEN's role in 
the cell cycle, and human disorders resulting from glial tumors, I would predict that when 
crossed with a loxP mouse, the offspring would have the following characteristics. 1) An 
increase in brain mass and glial cell size resulting from unchecked cell growth (Kwon et 
al, 2001) 2) Aggressive, metastatic tumors resulting from the loss of apoptosis and 
anoikis (Cristofano, 2000) 3) Abnormal glial cell migration and poor organization of the 
brain (Lachyankar et al, 2000) 
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Effect of Acute Endurance Exercise on Expression of c-fos Protein and 
3-Nitrotyrosine in the Substantia Nigra of the Rat 

Elizabeth Elliot and Lisa Jain, Rhodes College, 2000 N. Parkway, Memphis, TN 38112 
and A. Oladehin, University of Tennessee, Memphis, TN 

Introduction 

Exercise affects the body on both a molecular and cellular level, especially in the 
brain, which is mainly dependent on aerobic metabolic processes. It is therefore possible 
that prolonged activity of the brain during endurance exercise may result in oxidative 
stress due to the production of free radicals, or oxidants, which are byproducts of aerobic 
metabolism. Therefore exercise-induced neuronal activity increases the rate of 
metabolism, which may result in generation of superoxide anions. Since nitric oxide is 
released in the brain during activation, chemical reaction between superoxide and nitric 
oxide can lead to production of peroxynitrite, a potent oxidant. This chemical is volatile, 
releasing 3-nitrotyrosine as its chemical byproduct. Since peroxynitrite has a very short 
half-life and is very reactive, 3-nitrotyrosine is commonly used as a marker to detect the 
presence of peroxynitrite in tissues (Piepmeier 2001). 

Fos protein expression is an index of increased cell activity, and this technique 
has been used to identify the location and distribution of activated neurons in rat brain 
following physical exercise (Oladehin and Waters 2001; Iwamoto et al. 1996). Since 
substantia nigra is involved in movement control and regulation of cardiovascular 
function, Fos protein was used to locate the distribution of activated neurons in substantia 
nigra following 1 hour of treadmill running. Fos expression helped us relate the location 
of 3-nitrotyrosine expression to exercise-induced neuronal activation in substantia nigra. 
During exercise, movement control and changes in the cardiovascular and respiratory 
functions occur, and therefore the substantia nigra must be activated to help regulate 
these changes (Gonzalez-Hernandez and Rodriguez 2000). In this study, we wanted to 
determine if 1-hour treadmill running would increase the number of activated neurons, as 
well as generation of oxidative stress, in the substantia nigra. To accomplish this goal, 
Fos protein and nitrotyrosine expressions were used to detect neuronal activation and 
oxidative stress. From accumulation of evidence, we predicted that 1-hour treadmill 
running would increase the numbers of neurons immunoreactive for Fos and 3-
nitrotyrosine. The data reveals that elevation of Fos protein and 3-nitrotyrosine 
expression in the substantia nigra of the running group compared to the controls suggests 
that these factors are upgraded in response to a single bout of prolonged physical activity. 

Materials and Methods 

Animals. Twenty-six male Fischer 344 rats, aged 6-8 weeks old were used in this study. 
All animals were housed in a pathogen-free animal facility. Rats were caged in groups of 
three animals per cage in a temperature, humidity, and light-dark cycle (12/12 h)-
controlled room, with free access to rat chow and water. They were allowed to rest in 
their home cages for a week before being used. This study was approved by the Animal 
Care and Use Committee, University of Tennessee, Memphis, and conducted in 
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accordance with the Principles of laboratory animal care (NTH publication No. 86-23, 
revised 1985). 

Exercise protocol. From the 26 rats only 19 were used because 7 refused to run. The 19 
rats were assigned into three groups: trained running (TR; n = 6); trained not running 
(TNR; n = 6); cage bound (CB; n = 7). Rats in TR and TNR groups were trained to run 
on a motor-driven treadmill with four separate running chambers (Columbus Instruments, 
Columbus, Ohio). Each treadmill chamber consisted of a rubberized belt that was 38.1 
cm long, 14.0 cm wide, and 12.7 cm high and a resting platform (14.0 cm long and 8.9 
cm wide) located directly behind the treadmill belt. A' plastic block was placed between 
the belt and resting area to ensure that the rats remained on the treadmill throughout the 
training and exercise periods. Two of the four treadmill chambers were disconnected 
from the motor component that drove the treadmill belt and were therefore inactivated 
during training and experiment. 

The exercise regimen in the present study was intermittent in nature with running 
sessions and resting between sessions. The rats were trained alternate days for 2 weeks. 
During the training period, treadmill speed, running time, and resting periods varied 
progressively until criterion performance (3 running sessions of 20 minutes each at 20 
m/min with a 3-minute rest period between sessions) was reached. Stimuli such as 
rubbing nylon brushes against the top of the treadmill and tapping fingers along the sides 
were utilized to encourage animals to run during training experiments. 

The initial training session began'with 10 minutes of running at 15 m/min. The 
speed and duration of running was increased each day for two weeks, at which the time 
the rats met criterion performance. Treadmill inclination of 15° remained constant 
throughout all experiments. On the day of the experiment, the rats in TR group ran on 
the treadmill according to criterion performance while those in TNR were placed in the 
non-activated treadmill chambers. The rats in the CB group remained in their home 
cages., The training, experiment, and killing of the animals were carried out between 
0930 and 1200 hours in order to reduce the influence of circadian variability. 

Immunocytochemistry. At the completion of the running, all the rats were returned to 
their cages, where they remained for 15 minutes. Then, the rats were weighed, deeply 
anesthetized by intra-peritoneal injections of pentobarbital sodium (Nembutal, 50 mg/kg), 
and were perfused intracardially with 100 ml normal saline followed by 250 ml of 4% 
paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.4). Brains were removed, 
blocked, and postfixed overnight in the same fixative and kept in 0.1 M PB (pH 7.4) 
containing 30% sucrose until sectioned. Brain blocks that contained the substantia nigra 
were sectioned coronally with a vibratome into 40-µm-thick sections and serial sections 
processed for immunohistochemistry to identify the cells immunoreactive for c-fos and 3- 
nitrotyrosine. 

The immunochemical staining procedures involved Avidin-Biotin complex 
(ABC) and the free-floating tissue section method. All incubations were carried out at 
room temperature. Briefly, sections were first treated with 1% hydrogen peroxide in 
distilled water for 10 minutes. Then they were incubated in: (1) 5% normal goat serum in 
0.1 M phosphate buffer saline (PBS, pH 7.4) contained 0.2% Triton X-100 for 1 hour, 
rinse in PBS 3 times (5 minutes each); (2) rabbit anti-3-nitrotyrosine polyclonal antibody 
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(dilution 1:1000; Chemical International, Temecula, CA) or rabbit anti-c-fos polyclonal 
antibody (dilution 1:10000; Oncogene Research Products, Cambridge, MA) overnight, 
rinsed 3 times with PBS (10 minutes each); (3) biotinylated anti-rabbit IgG raised in goat 
(dilution 1: 300; Vector Lab, CA) in PBS containing 0.2% Triton-X for 1 hour, rinse 3 
times (5 minutes each); (4) avidin-biotin-complex (1 drop/ 5mL, Vector Lab, CA) in PBS 
containing 0.2% Triton-X for 1 hour, rinse three times (5 min each); and (5) 0.05% 
diaminobenzidine tetrahydrochloride and 0.002% hydrogen peroxide in PBS for about 10 
minutes. The reaction was stopped by transferring the sections into PBS, and rinsed three 
times (5 min each). Finally, sections were mounted onto chrome-alum gelatin-subbed 
slides, air-dried, dehydrated in a graded ethanol series (50-100%), delipidated in xylene, 
coverslipped with Permount, and examined by using standard light microscopy. 

To test the efficacy of the primary antibodies, titration was performed by 
incubating rat brain sections (rats not used in the study) in series of concentrations of 
antibodies or normal serum, substituted for antibodies, as in step 2 above. No labeling 
was found in sections incubated without the primary antibodies. Sections from equal 
numbers of animals from all groups were processed simultaneously to control for 
possible variations in reagents. 

Estimation of labeled cells in the substantia nigra. Using the public domain software 
package NIH Image 1.6 (written by Wayne Rasband, NIH), labeled cells in the substantia 
nigra were counted with a 4x objective. The image program was run on a Macintosh G4 
computer connected to a frame grabber; the image was taken by a video camera attached 
to a Leitz microscope. Measurements were then performed in four coronal sections 
containing substantia nigra rostro-caudally. Each substantia nigra sub-region (substantia 
nigra reticulata, SNr; compacta, SNc; and lateralis, SN1) was first circumscribed, and then 
optical intensity of labeled neurons was corrected for background using a density slice 
setting. 

Statistical analysis. Total cell counts were calculated for the substantia nigra and its sub-
regions (SNr, SNc, and SN1). Group cell counts were compared using One-way 
ANOVA, followed by the Turkey Post Hoc tests to identify pair-wise differences 
(a=0.05) between the groups. 

Results 

Fos protein expression. The number of Fos labeled cells were found to be significantly 
higher in the TR group compared to the two control groups (TNR and CB; Figure 1). 
Interestingly, each of the three TR sub-regions of substantia nigra also showed a 
significantly higher number of Fos-like immunoreactive cells than in the TNR and CB 
groups (Figure 1). 
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Figure 1 depicts the mean of total c-fos protein labeled cells in the substantia nigra. In 
addition, the mean of total c-fos protein labeled cells in each region of the substantia 
nigra - reticulata, compacta, and lateralis- is depicted. 

Although, the CB group appeared to have a greater number of labeled cells than 
the TNR group, the difference was not statistically significantly different. The spatial 
distribution of labeled cells was found to be similar across the groups, but labeled cells 
were abundant in the ventro-medial region of SNr and SNc. However, the distribution 
was uniform in the SN1 (Figure 2A-C). For the TR group, the greatest concentration of c-
fos labeled cells appeared in the reticulata (Figure 2A). However, for both the TNR group 
and the CB group, the lateralis appeared to have the greatest concentration of c-fos 
protein labeled cells (Figure 2B-C). For all the groups, the lowest concentration appeared 
in the compacta. The higher magnification further illustrates the distribution of Fos 
expression in SNr of the TR rat group (Figure 2D). 

3-Nitrotyrosine expression. The number of 3-nitrotyrosine labeled cells was found to be 
significantly higher in the TR group compared to the CB group (Figure 3). Interestingly, 
each of the sub-regions of the substantia nigra of the TR group also showed a 
significantly higher number of 3-nitrotyrosine immunoreactive cells than in the CB group 
(Figure 3). There was no significant difference between 3-nitrotyrosine labeled cells in 
the substantia nigra or any of the sub-regions of the TR group compared to the TNR 
group (Figure 3). Although, the TNR group appeared to have a greater number of labeled 
cells than the CB group, the difference was not statistically significantly different. The 
spatial distribution of labeled cells was found to be similar across the groups, but labeled 
cells were abundant in the ventro- medial region of the SNr and SNc. However, the 
distribution was uniform in the SNI (Figure 4A-C). For all three groups, the greatest 
concentration of 3-nitrotyrosine labeled cells appeared in the reticulata. For all the 
groups, the lowest concentration appeared in the lateralis (Figures 4A-C). The higher 
magnification further illustrates the distribution of 3-nitrotyrosine expression in SNr of 
the TR rat group (Figure 4D). 
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Figure 2: Spatial distribution of C-fos protein labeled cells 

2D. Higher magnification 
illustrating the distribution of C-fos 
protein labeled cells in SNr of TR rat 
group 
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Figure 3 depicts the mean of total 3-nitrotyrosine labeled cells in the substantia nigra. In 
addition, the mean of total 3-nitrotyrosine protein labeled cells in each region of the 
substantia nigra - reticulata, compacta, and lateralis- is depicted. 

Figure 4: Spatial distribution of 3-Nitrotyrosine labeled cells 

4A. TR rat group 4B. TNR rat group 

4C. CB rat group 
	

4D. Higher magnification illustrating 
the distribution of 3-Nitrotyrosine 
labeled cells in SNr of TR rat group 
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Discussion 

The major finding was that the rats in the TR group showed a significantly greater 
number of neurons with increased activity and neurons containing 3-nitrotyrosine 
compared to rats in the TNR and CB groups. Also, there were no significant differences 
between TNR and CB when the entire substantia nigra and its sub-regions were 
compared. This indicates that a single bout of exercise increases neuronal activity and 
elevation of 3-nitrotyrosine in the substantia nigra, and the training has little or no effect 
on Fos and 3-nitrotyrosine expression. The presence of Fos-like labeled cells in TRN and 
CB rat groups can be attributed to stimuli other than exercise, suggesting that certain 
neurons within substantia nigra may be involved in regulation of functions not associated 
with exercise. 

Exercise-induced elevation of 3-nitrotyrosine in substantia nigra suggests that 
exercise may induce oxidative stress in this brain region. The high nigral expression of 
3-nitrotyrosine in both the TNR and CB suggests the vulnerability of substantia nigra to 
stimuli that could elevate the level of excitotoxic factor. The differences in c-fos and 3- 
nitrotyrosine expression in the sub-regions of the substantia nigra suggest that the running 
might task the sub-regions (SNr, SN1) for regulation of cardiovascular and pulmonary 
systems more than the sub-region (SNc) involved in control of movement. 

Conclusion 

These findings reveal that elevation of Fos protein and 3-nitrotyrosine expression 
in the substantia nigra of the running group compared to the controls suggests that these 
factors are upgraded in response to a single bout of prolonged physical activity. From 
this study, we cannot conclude whether the amount of exercise-induced elevation in 3-
nitrotyrosine can result in oxidative damage or adaptive response for protection against 
stress response from regular endurance exercise. Since the beneficial and detrimental 
effect of oxidative stress is concentration-dependent, it is possible that regular endurance 
exercise may protect the brain from oxidative overload through the production of small 
amounts of oxidants (Marttila et al. 1988). Regular exposure to mild oxidative stress 
from chronic endurance exercise may protect the neurons, such as nigral neurons, that are 
vulnerable to oxidative stress. Therefore, if regular endurance exercise could protect the 
nigral neurons, it may help to delay the onset of Parkinson's disease. Therefore, the 
effects of regular moderate endurance exercise need to be investigated. 
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Abstract 

Cis-diamminedichloroplatinum II (cisplatin or CDDP) is an effective neoplastic agent widely 
used in the treatment of pediatric solid tumors, such as medulloblastoma. However, dose-limiting 
ototoxicity has been observed in previous studies. The ototoxicity is caused by damage to the ciliary 
hair cells in the cochlea. The early damage that results from cisplatin treatment is observed primarily 
in the high frequency regions of the cochlea (the basal hook region), and damage is later seen in the 
mid-basal and apical regions. For these studies transgenic FVB mice were used that possess a 
modified bacterial artificial chromosome (BAC) which contains a reporter gene that produces green 
fluorescence protein (GFP). Expression of this gene and production of the fluorescent protein allows 
the living ciliary hair cells within the cochlea to be viewed using confocal microscopy. A dose of 
cisplatin was administered to transgenic mice, and then the effects on the ciliary hair cells of the 
cochlea were observed using confocal microscopy. It was determined that when the mice were treated 
with cisplatin, many ciliary hair cells in the cochlea no longer produced GFP and were considered 
dead. In addition, more ciliary cell death was observed in the lower basal region than in the regions of 
the cochlea closer to the apex. These results confirm that cisplatin treatment leads to the death of 
ciliary hair cells in the basal region of the cochlea resulting in the loss of high frequency hearing. 

Introduction 

The anti-cancer drug cisplatin has proven effective in the treatment of a variety of solid tumors 
in adults and children. However, several side effects have been observed following cisplatin therapy 
including nephrotoxicity, neurotoxicity, ototoxicity, and gastrointestinal toxicity'. In children with 
medulloblastoma that were treated with cisplatin at St. Jude Children's Research Hospital on the 
protocol STM B96, ototoxicity was the dose-limiting toxicity. Studies have suggested that cisplatin 
damages auditory neurons and hair cells in the turns of the cochlea within the inner ear. Cisplatin is 
thought to cause cross-linkages in DNA, which prevents transcription and replication from occurring 
(Smooreburgh et al., 1999). Since the cells are no longer capable of undergoing these processes, they 
die. This cochlea cell and neuron destruction often begins in the cells that are most sensitive to higher 
sound frequencies. Because the audible ranges for humans are low frequencies, most of the patients 
are initially unaware that any hearing loss has occurred during cisplatin treatment; however, after three 
to six months, more profound hearing loss results as the damage is manifested (Liberman, 1990). 

Different frequencies of sound stimulate hair cells in different portions of the cochlea 
membrane in a gradient effect. In other words, different populations of hair cells respond to different 
frequencies of sound, depending upon their location within the cochlea (the basal, medial, and apical 
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turns). The lower frequency sounds are detected in the apical portion of the cochlea, while the higher 
frequency sounds are detected in the basal region (Kandel et al., 2000). 

In order to recapitulate the condition of hearing loss observed in the clinic, an animal model for 
cisplatin-induced hearing loss was used. For the purposes of this experiment, the basal area of the 
cochlea was examined to determine the amount of damage resulting from one-time treatments of 
cisplatin, since this site is often the area thought to. be affected in children receiving cisplatin. The 
mice used for these studies are transgenic FVB strain mice developed by Dr. Jian Zuo that allow for 
special analysis of the ciliary hair cells within the cochlea. This murine model is particularly 
advantageous because the hair cells of the mice possess a modified bacterial artificial chromosome 
(BAC), which contains the reporter gene that produces green fluorescence protein (GFP). The 
production of GFP in the transgenic mice allows us to easily view ciliary hair cell death. This trait 
results in the living cochlea hair cells appearing , bright green when viewed using confocal microscopy 
(Zuo et al., 1999). If the cells have been damaged by cisplatin to the degree that they no longer 
express GFP, then they have lost the ability to perform transcription, and for the purposes of this 
experiment they will be considered dead. This method allows for analysis of the amount of relative 
damage in the basal hook, lower mid-basal, and upper mid-basal regions of the cochlea. 

There are several disadvantages to using this murine model, however. First, the murine cochlea 
is very small, and thus very difficult to dissect out and examine. Because the micro-dissection process 
is very difficult with the microscopic cochlea, it is very easy to damage the fragile ciliary hair cells 
within the cochlea turns. In addition, studies using the murine model for hearing loss are limited in the 
literature, since most investigations have been traditionally performed with larger animals such as 
gerbils or guinea pigs. Therefore, an appropriate dose of cisplatin to be administered must first be 
determined. 

The goal of these studies is to develop a model for cisplatin-induced ototoxicity. We will 
maximize the amount of hair cell loss and develop a cisplatin dose-response relationship. The 
development of this model has five main steps: determining an appropriate dosage of cisplatin for 
administration, genotyping mice for the expression of the green fluorescence protein (GFP), 
administration of cisplatin to GFP expressing mice, cochlea dissection, and observation of hair cells 
using confocal microscopy. Two additional techniques (TUNEL in situ staining and measurement of 
electrophysiological response using acoustic brainstem response - ABR) have been recently utilized in 
order to better understand the effects of cisplatin on cochlea hair cells. 

Methods and Materials 

Determination of cisplatin dosage. The first step was to determine an appropriate dose of cisplatin 
that would result in significant damage to ciliary hair cells, but not result in death of the animal. In 
order to do determine this maximum tolerated dose (MTD), a one-time dose of cisplatin at varying 
concentrations (ranging from 12 mg/Kg to 32 mg/Kg) was administered to six cohorts of FVB mice. 
In addition, a 500 uL dose of saline was given to a control cohort of FVB mice. Weights and deaths of 
these mice were observed and recorded for five days following treatment. Based upon these 
experiments, a lethal dosage at which 50% of the experimental mice died (LD50) was determined. At 
this dosage, significant damage to ciliary hair cells was taking place, but enough mice were left in each 
cohort for cochlea dissection and hair cell observation using confocal microscopy. The MTD 
experiment was repeated several times in order to establish the proper concentration of cisplatin to be 
administered. 
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Testing for the expression of GFP. The strain of transgenic FVB mice that was obtained from Jian 
Zuo was not pure breeding homozygous positive for the gene that produces GFP on the bacterial 
artificial chromosome (BAC). Therefore, in order to determine which mice express GFP, they had to 
be genotyped using polymerase chain reaction (PCR) and gel electrophoresis. Mice were anesthetized 
and tail clippings were obtained. Following digestion with Proteinase K, PCR was conducted on these 
samples according to the protocol used by Zuo et al. (1999). The primers used for this procedure were 
A9B3/EGFPL-1 and BACL-F/BACL-R. Gel electrophoresis was then done on the PCR samples in 
order to determine whether GFP was being produced. The mice that expressed GFP were then used in 
the next phase of the experiment. 

Cisplatin administration. Cisplatin was then administered intraperitoneally to FVB mice that 
produced GFP. Based upon the results of the MTD experiments described above, a cisplatin dosage of 
24 mg/Kg was used. In addition, a control mouse was injected with 500 uL of saline. All of the mice 
were monitored for five days before dissection and observation. 

Cochlea dissection. After five days, the mice were sacrificed and perfused with 4% paraformaldehyde 
(PFA) in a phosphate buffer solution, in order to purge the blood away from the organs and decrease 
background interference that might show up during confocal microscopy. Mice were then decapitated 
and the petrosal region was isolated from the other structures through gross scale dissection. This 
segment was then soaked in 4% PFA with 150 mM EDTA at 4°C for ten days. The EDTA solution 
decalcified and softened the bone and tissue surrounding the cochlea, which allowed for easier removal 
of the cochlea using micro-dissection techniques. 

After ten days of incubation in 4% PFA with EDTA, the cochlea were then micro-dissected 
using a dissecting microscope and micro-dissection tools. The cochlea was first separated from the 
rest of the tissue and bone material surrounding it (including the semi-circular canal). Then the basal 
hook region was dissected out of the cochlea. This region of the cochlea is encased in a particularly 
thick layer of bone and surrounding tissues, so it is very difficult to dissect out intact. After removal of 
the bone and tissues from the hook region, the tectoral membrane that covers the ciliary hair cells must 
then be carefully pulled away so that the cells can later be viewed using confocal microscopy. Next, 
the lower and upper mid-basal regions were dissected out of the cochlea. Once again, the bone, 
tissues, and tectoral membrane were removed to allow for clearer observation. These samples could 
now be examined using confocal microscopy. 

Confocal microscopy. Confocal microscopy was used to view the GFP expression in cochlea cells. In 
this form of microscopy, photographs of the slide are taken in several planes, and the images are then 
combined to form a three-dimensional image along the z-axis. By using this method of microscopy, 
the effects of cisplatin administration on the ciliary hair cells can be better quantified through 
observing cell death. 

Each of the cochlea regions were placed face up onto a hanging-drop slide, and immersed in 
four to five drops of Fluromount-G (which serves as a semi-permanent seal). A glass coverslip was 
then placed over the slide, and the ciliary hair cells from the basal hook, lower mid-basal, and upper 
mid-basal regions were viewed using the confocal microscopy at 20X magnification to determine the 
cell death present in each of them. 

TUNEL in situ staining. TUNEL (terminal deoxynucleotidyl transferase dUTP nick-end labeling) in 
situ staining was then performed on a cochlea sample taken from the basal hook region using an 
ApoDIRECT In Situ DNA fragmentation assay kit (BioVision Research Products, Palo Alto, CA), 
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according to the manufacturer's instructions. The TUNEL assay labels 3' ends of DNA with 
fluorescein (Li et al., 1995), resulting in cells that have increased DNA fragmentation showing a 
greater amount of fluorescence (green). Since it is believed that cisplatin induces apoptotic cellular 
death, the TUNEL assay can be used to determine whether cochlea hair cell loss has occurred due to 
apoptosis or mechanical damage from dissection. 

Electrophysiological response. The Acoustic Brainstem Response (ABR) analysis was also carried 
out on live mice at a 32kHz threshold value using an XB-1 installation (TDT, Inc., CA). Readings 
were taken from a wild-type FVB mouse before and after treatment with cisplatin. Electrodes were 
inserted into the skin of the anesthetized mouse, with the positive (+) node between the ears, the 
negative (-) node in the skin ventro-lateral from the opening of the ear being tested, and the ground 
electrode was inserted into the tail. The signal acquisition period used was 20 milliseconds. Any 
peaks that were observed in the range from 100 - 200nV were considered increased electrical activity. 

Results and Discussion 

After carrying out several experiments to determine the maximum tolerated dose (MTD) of 
cisplatin by FVB mice, it was concluded that the dose at which 50% of the mice died (LD50) was 
approximately 24 mg/Kg. A sample graph from one of the MTD experiments is shown in Figure 1. 
Therefore, a cisplatin dose of 24 mg/Kg was administered to a cohort of FVB mice that were 
determined to produce GFP (using PCR and gel electrophoresis). The basal hook, lower mid-basal, 
and upper mid-basal regions were dissected out of the experimental and control cochlea. They were 
then viewed using confocal microscopy and the ciliary hair cell death that had occurred was observed. 
Examples of the three regions of the treated and control cochlea studied in this experiment are shown 
in Figure 1. 

FVB Deaths after 5 Days 
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First, the effects of cisplatin on the basal hook region of the cochlea were observed. Figure 2a shows a 
basal hook region from a control mouse that was treated with saline. Most of the cells in this section 
are intact and express GFP. This picture is particularly bright green because the sensitivity of the 
confocal microscope has been increased. Figure 2b shows a basal hook region from a mouse that has 
been treated with 24 mg/Kg of cisplatin. While this image is not as clear as the control, areas of 
missing cells can still be seen throughout this region, indicating that cell death has occurred. However, 
based on the image in this figure the number of dead cells cannot be quantified. 

Figure 2c - Lower Mid- 
Basal Region -
Conti i 

Figure 2d - Lower M id 
Basal Region - 
t;isplatin treated 

Figure 2g - Apical Region - 
Cisplatin trc,tted 

The effects of cisplatin on the lower mid-basal region of the cochlea were then observed. 
Figure 2c shows a lower mid-basal section from a control mouse that was treated with saline. All but 
one of the cells in this region expresses the GFP, indicating that there was no significant cell death. 
However, figure 2d shows a lower mid-basal region from a mouse that has been treated with 24 mg/Kg 
of cisplatin. Several areas of missing cells can be seen in this sample. This indicates that cells in this 
region no longer transcribe the gene responsible for the expression GFP and therefore, can be 
considered dead. Finally, the effects of cisplatin on the upper mid-basal region of the cochlea were 
observed. Figure 2e shows an upper mid-basal section from a control mouse that was treated with 
saline. All of the cells in this region appear intact indicating that GFP is being expressed. In the 
sample of an upper mid-basal region that has been treated with 24 mg/Kg of cisplatin that is shown in 
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figure 2f, there are only a few cells that are no longer expressing GFP. This suggests that cisplatin 
does not cause much damage in the upper mid-basal region of the cochlea. Samples isolated from the 
apical region of the cochlea (figure 2g) also show very little cell death. 

Based upon these figures, it can be concluded that more dead cells can be observed in the lower 
mid-basal region than in the upper mid-basal region. This confirms that the more basal regions of the 
cochlea (those areas that are responsible for high frequency sound detection) will be more affected by 
treatment with cisplatin than the regions closer to the apex of the cochlea. Unfortunately, the basal 
hook region from a cochlea of a mouse treated with cisplatin could not be compared with the other two 
sections, since a clear image has not been obtained at this point. 

The TUNEL in situ staining assay revealed an increase in cochlea hair cells with fragmented 
DNA after treatment with cisplatin (relative to the control group). This procedure provides support to 
the claim that the hair cells are being damaged by cisplatin, and not through mechanical damage during 
microdissection. Furthermore, this assay suggests that the mechanism through which cisplatin causes 
deleterious effects on cochlea hair cells is, in fact, cell apoptosis. ABR assays that were carried out 
revealed a hearing threshold level of approximately 45dB in control mice that did not receive cisplatin 
treatment. However, in mice treated with cisplatin, no hearing threshold was observed, even at the 
much louder stimulus level of 85dB. This indicates that cisplatin treatment does cause mice to lose 
their high frequency (32kHz) hearing. 

As this project is continued in the future, additional data will be gathered about the effects of 
cisplatin on the basal hook, lower mid-basal, and upper mid-basal regions of the cochlea. Once an 
accurate model of the damage caused by cisplatin treatment to these areas is determined, amifostine 
will then be administered (in addition to cisplatin) in order to observe its effectiveness as an 
otoprotectant. Some studies have suggested that amifostine can inhibit the negative effects of cisplatin 
and prevent hearing loss. By comparing the amount of cell death observed after treatment with 
cisplatin to the amount of cell death observed after treatment with both cisplatin and amifostine, the 
effectiveness of amifostine as an otoprotectant can be evaluated. 
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The effect of a soy protein diet on lipid peroxides in simulated weightlessness 

Blake Phillips, Rhodes College, Memphis, TN; Jennifer Mulligan, Michael Soulsby, 
Primal Chowdhury, University of Arkansas for Medical Sciences, NASA 

Abstract 

The objective of this study was to examine the production of lipid peroxides in 
brain tissues in response to the stress of simulated weightlessness in rats. Rats were 
placed into one of four groups: High Soy — Tail Suspended, High Soy — Non-Suspended, 
Low Soy — Tail Suspended, and Low Soy — Non-Suspended. After three weeks the 
animals were sacrificed and tested for the presence of malondialdehyde (MDA), a 
product of lipid peroxidase, in the nervous system tissues of the frontal cortex, 
cerebellum, and brain stem. Results suggest that soybean diet decreases peroxide 
formation while tail suspension increases it. The data also indicate that a soybean diet has 
a protective role in the reduction of lipid peroxides that are produced by stress in 
simulated microgravity. 

Introduction 

It has been well established that weightlessness in space creates specific problems 
for astronauts. This characteristic of weightlessness influences many of the physiological 
functions of cardiovascular, renal, bone, muscle and central nervous system tissues (1-6). 
Furthermore, analysis of the brain and peripheral analyzers reveals proliferate migration 
abnormalities of brain development and neuron differentiation in mammals during space 
flight. Because space flight experimentation of biological systems is extremely limited 
and very costly, it could be easier and less expensive to define a system which might be 
altered in a gravity free environment (38). Realistically, a variety of animal models for 
simulating weightlessness have been developed, yet very few are appropriate biological 
models for measurement of physiological and psychological functions under 
weightlessness conditions at sea level. The head-down Rat-tail suspension model offers a 
documented valid model of microgravity reproducing physiologic responses to 
weightlessness (7-11). Within this system a traction tape harness is applied to the tail, 
and the rat's hindquarters are elevated by attaching the harness to a pulley system. The 
weight bearing hind limbs are unloaded, and there is a heavy headward fluid shift. The 
tail suspended rats are then able to move freely about their cages on their forelimbs. 
Using this same model, previous studies have concluded that cultured lung and pancreatic 
rudiments are differentiated during space flight, and there is an indication of detrimental 
loss of bone density and muscle atrophy (14). While further studies continue to search 
for the cause behind these observations, the data from these studies has led us to believe 
that alterations in peripheral tissue structure and function that occur during simulated 
microgravity may result from an intentionally induced stress response. It is possible to 
measure this stress response effectively by evaluating the levels of lipid peroxidase 
products. 

Recent experimental findings indicate that oxidative stress is involved in 
hypertension. Hypertension stress related lipid peroxidation leads to the destruction of 
membrane lipids and production of lipid peroxides (15,16). Lipid peroxidation is a well- 
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established mechanism of cellular injury in animals and is used as an indicator of 
oxidative stress in cells and tissues. Lipid peroxides are unstable and decompose to a 
complex series of compounds including reactive carbonyl compounds. Malonaldehyde 
(MDA) and 4-hydroxyalkenals (4-HNE), products of the peroxidation reaction, are 
derived from decomposing polyunsaturated fatty acids and related esters (17). An index 
of ongoing lipid peroxidation can be extrapolated from measurements of these aldehyde 
levels (18,19). 

It has recently been determined that phytoestrogens contain an inhibitory effect 
that appears to be attributed to the direct exogenously added H202. It was shown that it is 
the phenolic hydroxyl groups and their structural arrangements that confer the antioxidant 
activity through their H-donating properties, creating a powerful antioxidant able to 
interfere with AGEs-mediated oxidative DNA damage of VSMC (20-23). 
Phytoestrogens are also shown to influence hormone metabolism and act as a weak form 
of the hormone estrogen. Phytoestrogens also influences biological activity, intracellular 
metabolic systems, protein synthesis, and lipid oxidation. Because of these effected 
factors, our study primarily examined the role that these phytoestrogens may play in our 
stress-induced environments. This role was evaluated by including a soy protein diet and 
a diet rich in isoflavones (a phytoestrogen) to two grbups of the study: one in 
hypertension (hind-tail suspended) and the other a control. Thus our purpose for the 
study is to relate the anti-oxidant properties of certain phytoestrogens to rat brain tissues 
in simulated micrograVity. 

Materials and Methods 

Twenty four female Sprague Dawley rats, initial body weight 300-340 g, were 
divided into four groups: control-no soy (N=6), suspended-no soy (N=6), control-
soybean diet (N=6), and suspended-soybean diet (N=6). The suspended group was tail-
suspended at 30°  in a room with controlled temperature of 23°C on 12/12 light-dark 
cycles. Animals were able to freely move about their cage using their forelimbs in a 360° 
manner. While the control and tail-suspended groups were maintained on regular Purina 
Chow, the soybean groups received a soy protein diet as its food source. The animals 
were maintained in these conditions for three weeks. During this period body weight and 
signs of physical stress were monitored daily. 

At term, the animals were fasted overnight, anesthetized with ketamine 
hydrochloride (50 mg/ml), and sacrificed by exsanguination. The whole brain was then 
collected and segmented into the frontal cortex, cerebellum, and brain stem; these 
sections were immediately frozen in liquid nitrogen. Upon thawing the segmented brain, 
pieces were washed in a saline solution (NaC1-.9%) and then placed in a solution of BHT, 
Tris-HC1 buffer, pH 7.4 (20m1: 1m1) to prevent further oxidation. Each of these tissues 
was then individually minced and homogenized. 

The homogenate was centrifuged for 10 minutes at 7000 X g at 4 °  C. The 
supernatant was then collected for use in the lipid peroxidation assay using the LPO-586 
method (Bioxytech LPO-586, R & D Systems; Minneapolis, MN). 

The LPO-586 assay is based on the reaction of a chromogenic reagent with 
malondialdehyde (MDA) and 4-hydroxyalkenals at 45 °  C. One molecule of either MDA 
or 4-hydroxyalkenal reacts with 2 molecules of reagent to yield a stable chromophore 
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with maximal absorbance at 586 nm. The assay is sensitive enough to detect as low as 0.1 
nmol/ml of MDA or 4-HNE. 

Data was calculated as Mean ± S.E of the mean and analyzed by one-way analysis 
of variance. A p value less than 0.05 was considered statistically significant. 

Results 

From the collaborated masses of the animals in the suspended group, it was 
evident that the food intake over the initial 48 to 96 hours had substantially decreased. 
After this interval of time, the masses of the suspended rats proceeded to increase at the 
same rate as those in the control groups. Furthermore, the addition of soy protein in the 
diet did not have any effect on the food and water intake. A significant reduction in body 
weight was noted in the suspended group throughout the experimental period when 
compared with the control and soy protein diet groups. No difference in body weight gain 
was noted between control and soy protein group. The body weight shift that was 
observed is consistent with previous data (24,38). 

Toward the end of the second week and throughout the third week of the 
experimental period, signs of stress began to show in the rats that were tail suspended. 
Stress was elevated to a level high enough to cause the rats to begin to gnaw on their tail, 
chew on the cage floor as well as their apparatus, show physical aggression, and 
inadvertently begin to lose hair on their underside. These were all signs of elevated stress 
that we knew would have an affect on the significant increase in lipid peroxidation levels 
and superoxide levels in the rat brain tissue. 

Levels of MDA in all Tested Rats 
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o Low Soy Suspended 
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Figure 1. Effects of soy-diet and tail-suspension on MDA levels in whole brain extracts. 
Animals in each group were sacrificed, whole brain collected and extracted for lipid 
peroxidation products assay. The average mean data from each group of animals were 
analyzed by one way analysis of variance. *, p < 0.05, significantly different from 
animals on soy diet; **, p < 0.05, significantly different from animals on regular diet and 
non suspended. 
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MDA levels measured in the segmented brain extracts of the rats from all four 
groups are presented in. The levels of lipid peroxidase are significantly higher in the 
suspended groups than in the control groups of their same diet (p< 0.05). The aldehyde 
levels are lowest in the soy diet of the control group, and they are significantly different 
from the regular diet of the control group and the suspended groups, p < 0.05. 
Furthermore the levels of the aldehydes are much lower in the soy diet of the suspended 
group than the regular diet of the suspended group. 

We segmented the brain into the three parts in order to evaluate any segmental 
variation of the differences in aldehyde levels among the three groups. As stated before, 
the whole brain was segmented into the brain stem, cerebellum and frontal cortex. 
However, the trend remains the same, and no direct variance can be established between 
any two parts of the brain. Therefore the whole brain was averaged and its complete data 
can be seen on Figures 1 and 2. The aldehyde levels in the soy diet group are 
significantly lower among the four groups (p < 0.05). 

MDA Levels in Suspended Rats (High vs Low Soy) 

Figure 2: Effects of soy-diet and tail-suspension on MDA levels Suspended Rat whole 
brain extracts, the focus of our study. Animals in Suspended groups were our primary 
focus of this study. The significant difference in the effects of soy are clear when 
comparing the two. 

It is apparent that the level of lipid peroxidase increases with the amount of stress 
to which the rat is exposed. It is also apparent that the rats given soy diets record lower 
lipid peroxidase levels than their non-soy diet counterparts. The evidence is conclusive; 
the isoflavones that soy contains have a protective ability against oxidative stresses, in 
our case, in the brain tissue. The cause of this lower level of lipid peroxidase is 
inconclusive; however, we can determine that certain types of isoflavones perform as 
anti-oxidants by acting as radical scavengers. When the oxidation of a particular model 
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of isoflavones, takes place the hydrogen of the hydroxyl group will be removed, and an 
oxy-radical will form in its place. This radical will not be hindered, but distributed 
evenly across the molecule through resonance structures making the molecule more 
stable. Thus, a lower affinity can be seen within three types of isoflavones even after 
oxidation (Figure 3). 

Equol 

Figure 3: Three main types of isoflavones after oxidation of tissues. Additional 
resonance structures forms exist due to the formation of the oxygen radical during 
oxidation. These resonance forms can be drawn placing the unpaired electrons on all 
ortho- and para- positions of the ring bearing the hydroxy- groups. 

Discussion 

The objective of our study was to confer our hypothesis that phytoestrogens such 
as isoflavones would perform a protective duty and prevent extreme lipid peroxidase 
levels in rat brain tissue in simulated microgravity. This lipid peroxidase levels we 
received directly correlated to the cellular stress response and the role a soybean diet 
plays in the reduction of lipid peroxidation formation. 

Such experimentations have been performed including the influence of the rat-tail 
suspension and its affects on certain tissue function employing a simulated model of 
microgravity (12,13,25,26). The changes in tissue function, as a direct response from 
stress, however have not been examined. This study was designed to collect data 
concerning the measure of emotional stress experienced by the tail-suspended animals. 
This study also implicated many other rat tissues including muscle, bone, pancreas, 
uterus, ovary, ascending aorta, descending colon, and adrenals to find the overall stress 
affects as well as other factors of a weightlessness environment. The goal to be achieved 
throughout these studies is to create a preventative measure to these affects. 

Preventative measures were taken through the addition of isoflavones in diet. In 
any case the lipid peroxidation products increased significantly in brain tissues of tail- 
suspended animals compared to non-suspended animals. Once again it probable that tail 
suspension induced centrally activated cellular stress response. Bondarenko et al (27) 
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determined the effect of chronic emotional stress on lipid peroxidation in the brain and 
other tissues of "emotional" and "non-emotional" rats. The content of lipid peroxidation 
products in brain, myocardium, and blood were higher in "emotional" than in "non-
emotional" animals as determined from their study. Furthermore, the stress induced 
increase in lipid peroxidative products correlated well with the intensity of many 
pathological somatic manifestations. These results have been corroborated by others 
(28,29) using varied models of stress. 

Guliaeva et al (30-33) have investigated the influence of duration of stress on 
lipid peroxidation in the brains of rats. They defined three stages of lipid peroxidation 
during long-lasting adaptation to chronic emotional painful stress. The first stage (1 week 
of stress) is associated with an inhibition of lipid peroxidation and an activation of 
superoxide scavenging activity in rat brain lipids. The second stage (2 weeks of stress) 
characterizes normalization of behavior and a low level of lipid peroxidation. The third 
stage (3 weeks of stress) is characterized by behavioral hyperactivity, increased lipid 
peroxidation, and decreased phospholipid content. 

Results of these studies agree with those of this investigation in brains of rats 
exposed to stress by the tail-suspended model of exposure to microgravity. Lipid 
peroxidation products, malonaldehyde (MDA) and 4-hydroxyalkenals (4-HNE), were 
found to be significantly elevated in whole brain homogenates of tail-suspended rats, 
when compared to the whole brain homogenates of time-matched control non-suspended 
animals. Furthermore, when whole brains from tail-suspended rats were sectioned into 
brain stem, cerebellum, and cerebral cortex, and respective homogenates produced, the 
levels of these two lipid peroxidation aldehydes were consistently elevated (p< 0.05), 
when compared to homogenates from time-matched, non-suspended, control animals. 

Recently, Arora et al (23) have described the antioxidant activities of isoflavones 
and their biological metabolites in a liposomal system. Isoflavonoids , are one of a class of 
phytochemicals found in fruits, vegetables, and grains. Isoflavonoids have a very 
restricted distribution in the plant kingdom and occur almost exclusively in legumes. The 
isoflavones, genistein and diadzein, in soybeans represent their major dietary sources. In 
recent years, soy protein-containing diets have attracted an increased amount of attention 
because of their possible cancer-preventing properties, which may be exerted through 
multiple effects associated with the inhibition of carcinogenesis (23). Arora and 
colleagues not only demonstrated that genistein and diadzein, and their glycosalated and 
methoxylated metabolites showed antioxidant activity, but also described some of the 
structural activity that enhances antioxidant activity of isoflavones. 

More recently, Vedavanam et al (34) have described potential antidiabetic 
properties of an isoflavonoid-containing soybean phytochemical extract acting as a 
preventive agent for glucose-induced lipid peroxidation. Goldfarb (35) has defined the 
antioxitant action of isoflavonoids in the prevention of exercise-induced muscle damage 
and Mizutani et al (36) have described a phytoestrogen attenuation of oxidative DNA 
damage in vascular smooth muscle. Also, Chan and Yu (37) have described the inhibition 
of UV irradiation-induced oxidative stress and apoptotic changes in human epidermal 
carcinoma by genistein, while Haraguchi, et al (38) described the protection of 
mitochondrial function against oxidative stress by isoflavones. 

Hence, we decided to study the influence of diets containing soy isoflavones on 
the lipid peroxidation noted in control, non-suspended rat brains. Initial results have 
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demonstrated that lipid peroxidation products, malonaldehyde (MDA) and 4- 
hytdroxyalkenals (4-HNE), are significantly decreased (p< 0.05) in whole brains, as well 
as in homogenates from cerebral cortex, or brain stem, or cerebellum (p < 0.05). 

The results from our current investigation demonstrated that emotional stress 
induced by the NASA approved rat tail-suspension model of exposure to microgravity is 
associated with a "global" elevation of brain lipid peroxidation metabolites. Presumably, 
levels of such metabolites will correlate with the degree of induced stress. We have 
furthermore demonstrated a significant reduction in the levels of these lipid peroxidation 
products in control animals maintained for several weeks on a diet high in soy 
isoflavones. Further studies will evaluate the influence of diets containing varied levels of 
soy isoflavones on the elevated levels of products of lipid peroxidation noted in tail-
suspended rats. Also blood isoflavone levels will need to be determined. 

In summary, our data showed that diets high in soy isoflavones decreased 
peroxide formation in brain tissues, while tail-suspension simulated weightlessness 
induced an increase in the production of lipid peroxides in brain tissues. These results 
may be indicative of a stress-induced injury due to simulated microgravity. The data 
further suggest that soybean diet may provide a protective effect in the stress response 
induced by simulated microgravity. 

Acknowledgements 

This study was, in part, supported by a grant from Arkansas Space Grant Consortium. 

References 

1. Gerzer R, Heer M and Drummer C. Body fluid metabolism at actual and simulated microgravity. Med Sci 
Sports Exerc 1996; 28 (10): suppl pp: S32-S35. 

2. Arbeille P, Achaibou F,Fomina G, Pottier JM, and Porcher M. Regional blood flow in microgravity: 
adaptation and deconditioning. Med Sci Sports Exerc 1996; 28 (10): Suppl; pp: S70-S79. 

3. Arbeille P, Gauquelin G, Pottier JM, Pourcelot L, Guell A and Gharib C. Results of a 4 week head-dowm tilt 
with and without LBNP countermeasure: IL Cardiac and peripheral hemodynamics-comparison with a 25-
day spaceflight. Avait, Space, and Environ Med 1992; 63: 9-13. 

4. Leach CS, Alfrey CP, Suki WN, Leonard JI, Rambaut PC, Inners LD, Smith SM, Lane HW and Krauhs JM. 
Regulation of body fluid compartments during short-term spaceflight. J Appl Physiol 1996; 81: 105-116. 

5. VernikosJ. Human Physiology in space. Bioassays 1996; 18: 1029-37. 
6. Putcha L, Pool SL, Cintron NM. Pharmacology. In: Nicogassian AE, Huntoon CL, Pool SL, eds. Space 

physiology and medicine, 3r d  ed. Philadelphia: Lea & Febiger, 1994 
7. Morey-Holton ER and Wronski TJ. Animal models for simulating weightlessness. The Physiologist 1981; 

24:S45-S48. 
8. Globus RK, Bikle DD, Morey-Holton ER. Effects of simulated weightlessness on bone mineral metabolism. 

Endocrinology 1984;114: 2264. 
9. Hargens AR. Fluid shifts in vascular and extravascular spaces during and after simulated weightlessness. 

Medicine and Science in Sports and Exercise 1983; 15: 421-427. 
10. Harper JS, Mulenburg GM, Evans J, Navidi M, Wolinsky I and Arnaud SB. Metabolic cages for a space 

flight model in the rat. Laboratory Animal Science 1994; 44:645-647. 
11. Morey-Holton ER and Globus RK. Hindlimb unloading of growing rats: A model for predicting skeletal 

changes during space flight. Bone 1998; 22: 83S-88S. 
12. Chowdhury P, Soulsby ME and Pasley IN. Influence of microgravity on the exocrine pancreatic function in 

rats. Prc Soc Exp Biol Med 1997; 215: 110. 
13. Chowdhury P, Soulsby ME, Pasley JN, Chang LW, Rayford PL. Pathophysiological effects in male and 

female rat pancreas under simulated microgravity. Gastroenterology 1997; 112(4): A434. 
14. Spooner BS, Hardman P and Paulsen A. Gravity in mammalian organ development: Differentiation of 

cultured lung and pancreatic rudiments during spaceflight. J Exp Zoology 1994; 269: 212-222. 

	Spring 2002 	 B. Phillips 48 



	The Rhodes Journal of Biological Sciences 

15. Janero DR. Malondialdehyde and thiobarbituric acid-rectivity as diagnostic indices of lipid peroxidation and 
peroxidative tissue injury. Free Radiacal Biology & Medicine 1990; 9: 515-540. 

16. Marcuse R. Research on the TBA reaction for the determination of fat rancidity. J Oil Tech Assoc India 
1980; 20: 153-156. 

17. Pryor WA. On the detection of lipid hydroperoxides in biological samples. Free Radic Biol Med 1989; 7: 
177-178. 

18. Lunec J. Oxygen radicals: their measurement in vivo. Anal Proc 1989; 26: 130-131. 
19. Baker ME, Medlock KI, Shyeehan DM. Flavanoids inhibit estrogen binding to rat alpha-fetoprotein. Proc Soc 

Exp Biol Med 1998; 217: 317-321. 
20. Messina MJ, Persky V, Setchell KD, Barnes S. Soy intake and cancer risk: A review of the in vitro and in 

vivo data. Nutr Cancer 1994; 21: 113-131. 
21. Mizutani K, Ikeda K, Nishikata T , Yamori Y. Phytoestrogens attenuate oxidative DNA damage in vascular 

smooth muscle cells from stroke prone spontaneously hypertensive rats. Journal of hypertension 2000; 18(2): 
1833-40. 

22. Arora A, Nair MG, Strasburg GM. Antioxidant activities of isoflavones and their biological metabolites in a 
liposomal system. Arch Biochem and Biophys 1998; 356: 133-141. 

23. Chowdhury P, Soulsby ME, Pasley JN. Distribution of 3H-nicotine in rats tissues under the influence of 
simulated microgravity. Biomed and Environmental Sciences 1999; 12: 103-109 

24. Soulsby ME, Kennedy RH, Wyeth RP and Pasley JN. Cardiovascular effects of hindlimb suspension in rats. 
Proc Soc Exp Biol Med 1997; 215 :110. 

25. Abrams C, Wyeth RP, Soulsby ME, Kennedy RH and Pasley JN. Influence of rat tail suspension on aortic 
muscle alpha-adrenergic response. Proc Soc Exp Biol Med 1998; 218:263. 

26. Bondarenko NA, Deviatkina TA, Voskresenski ON, Valdman AV. Effect of chronic emotional stress on lipid 
peroxidation in the tissues and blood of emotional and nonemotional rats. Biullenten Eksperimentalnoi 
Biologii I Meditsiny 1985; 100:12-4. 

27. Levshina IP, Kurochkina EV, Obidin AB, Guliaeva NV. Alpha-tocopherol in a complex with dimethyl 
sulfoxide-an agent possessing highly effective adaptogenic action in chronic emotional-pain stress in rats. 
ZhumalVysshei Nervnoi Deiatelnosti Imeni I.P. Pavlova. 1988; 38:533-9. 

28. Aikapetiants MG, Levshina IP, Guliaeva NV. Therapeutic action of an antioxidant in chronic emotional-pain 
stress in the rat. Zhurnal Vysshei Nervnoi Deiatelnosti Imeni I.P. Pavlova 1986; 36: 554-60. 

29. Guliaeva NV, Dupin AM, Levishina IP, Obidin AB, Boldyrev AA. Carnosine prevents the activation of free-
radical lipid oxidation during stress. Biulleten Eksperimentalnoi Biologii Meditsiny 1989; 107:144-7. 

30. Guliacva NV. Inhibition of free-radical lipid oxidation in the mechanisms of immediate and long-term 
adaptation to stress. Nanchnye Doklady Vysshei Shkoly. Biologicheskie Nauki 1989; 4:5-14. 

31. Guliaeva NV, Levshina IP. Characteristics of free-radical oxidation and antiradical protection of the brain in 
adaptation to chronic stress. Biulleten Tksperimentalnoi Biologii I Meditsiny. 1988; 106: 153-6. 

32. Guliaeva NV, Luzina NL, Levshina IP, Kryzhanovski GN. The inhibition stage of lipid peroxidation during 
stress. Biulleten Eksperimentalnoi Biologii I Meditsiny 1988; 106: 660-3. 

33. Vedavanam K, Srijayanta S, O'Reilly J, Raman A and Wiseman H. Antioxidant action and potential 
antidiabetic properties of an isoflavonoid-containing soyabean phytochemical extract (SPE). Phytotherapy 
Research 1999; 13:601-8. 

34. Goldfarb AH. Nutritional antioxidants as therapeuic and preventive modalities in exercise-induced muscle 
damage (Review). Cand J Appl Pphysiol 1999; 24: 249-66. 

35. Chan WH and Yu JS. Inhibition of UV irradiation-induced oxidative stress and apoptotic biochemical 
changes in human epidermal carcinoma A431 cells by genestein. J Cellular Biochem 2000; 78: 73-84. 

36. Haraguchi H, Yoshida N, Ishikawa H, Tamura Y, Mizutani K and Kinoshita T. Protection of mitochondrial 
functions against oxidative stresses by isoflavones from Glycyrrhiza glabra. J Pharm & Pharmacol 2000; 52: 
219. 

37. Chan WH and Yu JS. Inhibition of UV irradiation-induced oxidative stress and apoptotic biochemical changes 
in human epidermal carcinoma A43I cells by genestein. J Cellular Biochem 2000; 78: 73-84. 

38. Haraguchi H, Yoshida N, Ishikawa H, Tamura Y, Mizutani K and Kinoshita T. Protection of mitochondrial 
functions against oxidative stresses by isoflavones from Glycyrrhiza glabra. J Pharm & Pharmacol 2000; 
52: 219-23. 

Spring 2002 	 B. Phillips 49 


	Page 1

