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Editorial

Election Results
Congratulationsto William B. Lushbaugh who
becomes President-elect and to Johnnie-Marie
Whitfield who joins the Board of Directors.

Another Call for Volunteers

| put out acdl for help in the April issue of this
journa from which | received no response. | know
that some of you would liketo get involved. If | could
ask you face to face, you would gladly agree to help.
Unfortunately | do not know who you are to ask you
to join us. Read the cdl below. If you have any
interest, but hesitate because you are not sure what
each of the described postions entails, give us a
cal—no obligation. The Mississppi Academy of
Sciencesisagrowing organization, and we need your
help to keep growing.

Poster Sessions. When | first affiliated with the
Missssppi Academy of Sciences, the annua meeting
was about a day and half long with talks starting on
Thursday and ending Friday around noon. Now talks
continue through Friday late afternoon. We are ill
growing and accommodating that growth by encour-
aging more poster sessions. This is important, Since
we cannot find a suitable meeting place with more
breakout rooms than the hotel/convention centers we
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have been using and we are not quite big enough for
a three day meeting. The importance of poster ses-
sgonsto the Academy wasfdt strongly at our meeting
in February when we had the largest demand for
posters ever (over 70 on Friday). We need somebody
to help with this important aspect of the Academy
annua meeting. The person would be responsible for
getting the backboards and easdls to the meeting,
setting them up both on Wednesday night and Thurs-
day night (for the Thursday and Friday sessions
respectively), and taking them down for return to
their storage facility in Jackson. The person would
a0 be respongble for maintenance of the easdls, i.e.,
we need somebody that can repair the wooden easels.
Interested in getting involved? Contact John Boyle,
Rob Rockhold, or me.

Associate Editor: Photographer, etc. Each year
this April issue of the journa contains some photo-
graphs of the annua meeting. The job of photography
has been passed around among various volunteers
with various levels of success. | am looking for an
Associate Editor to be responsible for taking photo-
graphs at the annual meeting. | would also like some
help in identifying and securing advertising for the
journa to help offset printing costs. Interested in
getting involved? Contact me—Ken Curry
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The Face of HIV/AIDSin Mississippi: 1999
1999 Dodgen L ecture

Harold M. Hender son
University of Mississippi Medical Center, Jackson, MS 39216

The human immunodeficiency virus (HIV) isthe
causative agent of AIDS, the acquired immunodefi-
ciency syndrome. About 700,000 cases of AIDS have
been reported in the United States since the start of
the epidemic in the early 1980's. According to data
gathered by the Centers for Disease Control (CDC)
most of these cases have occurred in large urban
centers, especidly in the early years of the epidemic
(Figure 1). These cases primarily involved gay white
males and intravenous drug users.

Asthe epidemiology of HIV infection has evolved
not only have the total numbers of AIDS cases
increased dramatically but casesin rural areas, espe-
cidly in the southeastern U.S., have been occurring
with increasing frequency (Figures 2 and 3). These
trends are reflected in Mississippi HIV gatigtics,
which show alarge increase in infected persons since
the early 1990's, particularly in African-Americans.
Combined with the poverty and the lack of accessto
adequate hedth care prevalent in many parts of the

Cumulative U.

as of 5/85

state, the increasing numbers of HIV infected individ-
uals in Mississippi represent a public heath emer-
gency, and are taxing the ability of the state’s heath
care system to respond in an effective way.

HIV isaretrovirus: its genetic material is RNA,
and it possesses an enzyme-reverse transcriptase-
which encodes DNA following vira infection of a
host cell. Thisviral DNA may integrate into the host
cell’s DNA and remain in a “latent” or quiescent
form, or it may replicate itself and ultimately form
new viral organisms which can then infect other host
cells, where the cycle is repeated again and again.
The primary cell types affected are cells of the im-
mune system, which bear a molecule known as CD4
on their surface. CD4-bearing lymphocytes are highly
critic components of a mature, heathy immune
system. HIV infection of these cells results in their
dysfunction and then their destruction. This process
ultimately results in a devastated immune system, and
thus a dangerous susceptibility to the unusual infec-

S. AIDS Cases
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tions, such as Pneumocystis pneumonia, which are the
hallmarks of AIDS.

The natural history of untreated HIV infection is
along, dow one. Severd years generaly elapse from
the time of initia, established infection until the
development of full-blown AIDS. On average, HIV-
infected persons will progressto AIDS in about 8-10
years. During most of these years, while the infection
sowly progresses, the large mgority of infected
persons are completely asymptomatic. There are no
outward signs or symptoms of infection with a virus
that is destroying their immune system. Despite the
absence of symptoms and the outward appearance of
normalcy, the virus can be transmitted to others
throughout this time via sex or exposure to blood or
other infected body fluids. A positive blood test for
HIV antibodies is the usua way that a diagnosis of
HIV infection is made.

According to datistics from the State Department
of Hedlth, as of late 1997 more than 2,500 cases of
AIDS and more than 4,000 cases of HIV infection
had been reported in Mississippi. Many othersin the
state can be assumed to be infected but not yet
diagnosed, so these numbers are an underestimation.
The annud rate of HIV infection per population rose
geadily in Mississippi throughout the late 1980's and
the 1990's. Thisrising rate has been due primarily to
the high incidence of infection among African-Ameri-
can men and women. During the 1980's gay men
represented the primary risk group for HIV infection

Cumulative U.S.

as of 7/89 N~100,000

in Missssppi, but the rates of heterosexual transmis-
son have progressively risen during the present
decade, and heterosexual intercourse is currently the
most common mode of HIV transmission in the state.
The mgority of infected persons are young, between
the ages of 20 and 35. Early age of sexual involve-
ment, the practice of trading sex for drugs (often
crack cocaine), and the common occurrence of other
sexudly transmitted diseases such as syphilis and
Herpes smplex al contribute to the rising incidence
of HIV infection in Mississippi.

Despite this rising incidence of HIV infection the
number of AIDS cases reported to the Mississippi
State Health Department in 1997 were less than in
1996. Thisis a reflection of the success of current
anti-HIV drug therapy. Today, persons infected with
HIV are typicdly treated with a combination of at
least three drugs. These drugs inhibit the function of
one of two critical vira enzymes-the reverse tran-
scriptase and a protease-and thus prevent HIV from
reproducing itself and infecting other cells. In order
to prevent HIV from developing drug resistance,
combinations must be potent enough to completely
suppress measurable viral burden in the blood to
“below the level of detection.” With the right drug
combination this is achievable in about 70-80% of
HIV-infected persons who have not previously been
treated with anti-HIV agents and who are fully
adherent with their medications. The use of such
combinations in Mississippi has resulted in the de-
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creased numbers of reported AIDS cases noted
above, decreased hospitalization rates for AIDS-
related complications, and a decrease in the death rate
dueto AIDS. In addition, the widespread use of the
anti-HIV agent zidovudine during pregnancy has
resulted in a drastic decrease in the numbers of HIV-
infected infants born to mothers infected with HIV.
Unfortunately the success of anti-HIV drug
therapy has not come without significant problems.
A typical combination of three anti-HIV drugs costs
about $1,000 per month. The expense of the drugs
poses a severe problem particularly in Mississippi,
which isthe poorest state in the United States and has
high numbers of individuas without medical insur-
ance. Despite the availability of drug assistance
programs designed to furnish HIV-infected persons
with their medications if they cannot obtain the drugs
by themselves, the cost of the drugs does prevent
some people from receiving them on a consistent
basis. In addition there is a shortage of experienced
HIV caregivers in Mississppi. Many of the drugs
have side effects and are not aways tolerated well.
Drug combinations are often complex and inconve-
nient, and many persons are unable to take these
demanding regimens on a consistent basis, day after

Cumulative U.S. AIDS Cases
as of 12/96 N=581,429

day after day. These problems-drug cost and com-
plexity, lack of access to care, drug side effects-al
contribute to intermittent and suboptimal drug adher-
ence, which can lead to the emergence of resistant
vira strains, followed by drug failure.

The problems associated with anti-HIV drug
therapy are indeed daunting, and have prevented
many HIV-infected Missssippians from achieving the
promise offered by drug therapy. Furthermore, the
incidence of new HIV infections in Mississippi re-
mains high. Much work thus remains to be done in
both the areas of prevention and treatment. However,
the success of modern anti-HIV drug therapy has
been nothing short of remarkable, and with hope for
even better treatments to come, offers unprecedented
hope for infected individuasto live healthy, produc-
tive lives. We must first continue to work and edu-
cate our young people to avoid those behaviors which
place them at risk for HIV infection, and then to
provide access to effective therapy for those aready
infected. | am optimistic that with continued hard
work our state will see further decreases in the
numbers of AIDS cases reported annually, and begin
to see a downturn in the numbers of new HIV infec-
tions, as well.

Figure3
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| midazoline Receptors. A Platelet Marker for Depression?

John E. Piletz*?, Angelos Halaris®, Sudhakar Madakasira’, Nancy Goldman?,
He Zhu*, Warren May®, and Amelia Nasrallah*
“Department of Physiology, *Department of Pharmacology, “Department of
Psychiatry and Human Behavior, and *Department of Preventive Medicine,
University of Mississippi Medical Center, Jackson, MS 39216-4505

Ongoing research at the University of Mississippi Medical Center suggests that higher numbers
of imidazoline receptors on platelets might characterize patients with affective disorders. A group of
11 unipolar depressives was studied before and after eight weeks of treatment with bupropion
(Welbutrin). We measured platelet receptor binding parameters and the density of a specific protein
band on Western blots related to the | -imidazoline (I,) receptor. We were particularly interested in
detecting associations between clusters of depressive symptoms and these platelet parameters. We
succeeded in determining associations between the retardation and endogenomorphic clusters
extracted from the Hamilton Rating Scae for Depression and these platelet parameters. If confirmed,
these findings could establish the platelet |, receptor as a useful blood marker for depression.

Depression is a very treatable disease. But,
depression can present with many faces and therefore
it isnot aways eadly diagnosed. Furthermore, uncer-
tainties abound regarding the type of therapy, the
course of treatment, and the risk of relapse. Some
patients will respond to one antidepressant medication
and not another, while milder cases may be better
treated with counsdling. Pharmacol ogical therapy can
take up to 8 weeks to establish efficacy, and during
this lengthy period the physician often has to titrate
the dose to avoid unwanted side effects. Thereafter,
patients are typically maintained on the antidepressant
they responded to in order to avoid relapsing. Such
clinica decisons rely on the experience of well-
trained physicians, but sometimes even the best
informed decisions can be flaved. A smple and
reliable blood test for depression would therefore be
useful as an adjunct for any health care professiond
treating depression. To date, no reliable and specific
test isavailable.

Platelets are a readily obtainable blood element
sharing a number of properties in common with brain
serotonergic neurons. For instance, platel ets possess
the apparatus for serotonin release and reuptake
gmilar to serotonergic neurons. These properties are
of particular interest because most antidepressants
affect serotonergic neurons directly or indirectly. In as
much as platelets are a model of serotonergic neu-

rons, these blood elements have led to a number of
investigations in depressed patients (Piletz et d.,
1995). Human platelets also possess |, and |, subtypes
of imidazoline binding sites (Piletz and Slettern 1993;
Ernsberger et d., 1995), aswell asimmuno-related 33
kD and 45 kD proteins (Garcia-Sevilla et al., 1996;
Ivanov et al., 1998). These binding sites are believed
to reside on imidazoline receptors (IR), which, in
some tissues, modulate neurotransmitter release
(Molderings et al., 1991).

The density of I, binding sites on platelets of
depressed patients has consistently been shown to be
elevated compared with hedthy control subjects
(Piletz et a., 1995, 1996). This up-regulation is
normalized (i.e., down-regulated) following antide-
pressant treatments with desipramine (Norpramin) or
fluoxetine (Prozac) (Piletz et al., 1995, 1996). An
elevation in I, binding sites has also been found in
correlation with the degree of severity of dysphoriain
women with premenstrua syndrome (Halbreich et dl.,
1993), but not in patients with generalized anxiety
disorder (Piletz et al., 1996). Treatments with other
antidepressants (citalopram, clomipramine, or imipra-
mine) aso down-regulated the immuno-related 45 kD
protein on platelet membranes of depressed patients
(Garcia-Sevillaet a., 1996).

An 1, binding site has been identified to reside
within an amino acid domain of monoamine oxidases

*Author for correspondence. jpiletz@psychiatry.umsmed.edu, Tel. (601) 984-5898
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(Raddatz et al., 1997). Because monoamine oxidase
inhibitors are established antidepressants, the presence
of this |, Ste on monoamine oxidases is suggestive of
a possible target for future antidepressant drug
development. Increased |, binding sites have been
suggested in the frontal cortex of depressed suicide
victims (Garcia-Sevillaet a., 1996). Thus, consider-
able evidence now links an eevation in one or another
subtype of imidazoline binding sites with the state of
depression. There is no information whether the
reported changes in these sites are specific for a
particular subtype of affective disorders, or for that
matter, for one or more symptoms of the affective
symptomatology spectrum.

The present study was designed to determine
whether the down-regulatory effects on |, imidazoline
binding sites and immuno-related proteins, as previ-
oudy observed with other antidepressants in unipolar
depressives, could berelated to the chemica structure
of the antidepressant used. We chose bupropion
(BUP), because it is a monocyclic compound which
is structurally and pharmacodynamically different
from previoudy studied antidepressants; its antide-
pressant efficacy iswell established (Lineberry et al.,
1990; Feighner et al., 1991). However, the precise
mechaniam of action of BUP remains unclear (Ascher
et a., 1995).

One of the specific ams of the present study was
to determine whether correlations exist between
Severity of depressive symptomatology and platelet |,
radioligand binding parameters and related
immunodensities. An ancillary am was to detect
possible correlations between clusters of depressive
symptomatology extracted from the Hamilton Depres-
sion Rating Scale (Bech et a., 1988). The following
clusters were selected: anxiety (A), cognition (C),
retardation (R), somatization (S) and melan-
cholic/endogenomorphic (E). Based on previous
studies of depression, we hypothesized that the major
|RBP-immunoreactive protein on platelets (the 33 kD
protein) would be increased on plasma membranes of
depressed patients at pretreatment, and that the
increase would normdize upon successful antidepres-
sant treatment with BUP. The present results demon-
strate a high level of platelet IR-related immunoden-
sity and I, binding density (B,,.,) associated with
moderate to severe depressive symptomatology. The
retardation and endogenomorphic clusters of symp-
toms (Bech et d., 1988) may have predictive valuein
combination with platelet immunodensities.
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METHODS

The data for this report comes from a large
multivariate study. Other varigbles have been reported
elsawhere (Zhu et a., 1999). Subjects were recruited
through hospital referrals and treated as outpatients.
Diagnoses were made by two experienced psychia-
trists, and independently validated using the SCID-P
(Structured Clinicd Interview to Diagnose DSM-11IR
Disorders—Patient Edition). Depressed patients met
DSM-IV criteria for Primary Maor Depressive
Disorder (MDD), unipolar type. The severity of
depression was evauated using the 21-item Hamilton
Rating Scale for Depression (HAM-D) (Hamilton,
1967). Eleven depressed patients were entered into
the study. All patients were free of psychoactive
medicationsfor at least one month prior to entry into
the protocol. We aso included seventeen hedthy
control subjects. The female: male ratios and mean
ages (= SD) were as follows: MDD = 8 females/ 3
males (overdl, 39 years + 10, SD) and healthy control
subjects = 12 females/ 5 males (overall, 36 years+ 8
SD).

Subjects underwent the same dietary and activity
restrictions as in our previous studies. None of the
women reported taking contraceptive agents. Patients
were declared responders to treatment if their post-
treatment HAM-D scores were lessthan 10 or at least
50 % reduced from their baseline score. By these
criteria, two patients failed to respond after 8 weeks
of BUP treatment. Patients were started at 75 mg/day
of BUP and the dose was increased up to a maximum
450 mg/day (in divided doses not exceeding 150 mg
per dose) based on patient tolerance and therapeutic
response. Patients were monitored for plasma BUP
concentrations, beginning at the 4th week of treat-
ment (at least two weeks after the final dose adjust-
ment). Therapeutic plasma BUP concentrations were
obtained for al subjects except one; that patient had
low levels (~150 ng/ml) at week 6, but responded to
treatment nonetheless.

Platelets were isolated from 100 ml of blood that
had been collected as previoudy described (Piletz et
a., 1996). Blood for the andysis of plasma BUP was
also collected in a citrate-dextrose vacutainer and
centrifuged at room temp at 3,500 rpm for 10 min-
utes. Plasma was frozen at -80°C and transferred to
the laboratory of Lindsay De Vane (Department of
Psychiatry, Medical University of South Carolina)
where the BUP assays were performed. BUP and its
metabolites were extracted and assayed by HPLC as

Journal of the Mississippi Academy of Sciences



previoudy described (Sweet et d., 1995). Radioligand
binding to purified platelet membranes was performed
using [**1]-p-iodoclonidine as described (Piletz et al.,
1996), except extended to 15 nM concentration of
radioligand to better assess the K. Gel electrophore-
sis and Western blotting have also been described
previoudy (Ivanov et d., 1998). Imidazoline Receptor
Binding Protein (IRBP) antiserum was kindly pro-
vided by Professor Donald Reis (Cornell Medical
College, NY) (Wang et al., 1993). After developing
the films with IRBP antiserum, the Western blots
were stripped and the integrin 33 chain subunit was
assessed on the same blots using anti-CD 61 antibody
(Becton Dickinson, San Jose, CA), a platelet mem-
brane protein used for reference.

Statistical anaysis was performed as part of the
larger study having 11 target variables in the experi-
mental design (Zhu et al., 1999). Four dependent
variables are reported herein (HAM-D scores before
and after treatment, HAM-D subscore clusters,
radioligand binding data, 33 kD/CD 61 O.D.); the
other 7 dependent variables will be reported else-
where (e.g., CD 61 and CD 62 platelet markers,
plasma BUP and amine and metabolite levels). Analy-
gsof variance (ANOVA) was used to compare group
means, which were supplemented by Student t tests.
Correlationd analyses were performed to estimate any
significant relationships between the target variables
(aswdl as their change scores). Spearman’s correla
tion values (“rho values’) were also calculated, with
statistical significance for rho assigned at 0.65 or
greater. Otherwise data are expressed as the mean +
standard errors (S.E.M.).

RESULTS AND DISCUSSION

Scores of depression severity at pretreatment
were HAM-D = 26 £+ 1.1 for the entire patient cohort
(i.e., moderately severe), while the post-treatment
HAM-D scoreswere 7.4 £ 2.0 (n = 11). Responders
to BUP treatment had HAM-Dpre = 26 + 1.2 and
HAM-Dpost = 5.0 + 1.3 (n = 9). These differences
were highly significant (p < 0.001). The hedthy
control subjects had HAM-D scores < 2.0.

Western blots displayed a major immunoreactive
band of approximately 33 kD size with IRBP anti-
serum. Depressed patients averaged a 26% increase
(p = 0.05) in the immunodensity of the 33 kD IR-
related protein (0.036 + 0.004; expressed in ratio with
CD 61 membrane marker protein), compared with
healthy control subjects (0.027 + 0.002). After 6-8
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weeks of treatment with BUP, the immunodensity of
the 33 kD band from the same group of patients was
downregulated to alevel (0.029 £ 0.003) comparable
to that of controls (p = 0.003; Wilcoxon signed ranks
test). Depressed patients adso displayed a 23 % higher
mean platelet 1, B,,,, value at pretreatment (96 = 10
fmoles/mg protein) compared to controls (79 = 9
fmoles/mg), but this difference was not statistically
ggnificant (p = 0.18, t test). Furthermore, no signifi-
cant downregulation in the B,,,, of the |, binding sites
was observed after treatment (98 £ 6 fmoles/mg). The
radioligand binding results at pre-treatment agreed
with previous reports of elevationsin the B,,,, vaues
of platelet |, Sites in depression (Piletz et al., 1995,
1996). This rise aso agreed with the 26% elevation
observed in the 33 kD protein band at pretreatment
revealed on Western blots in this study.

No significant correlation was obtained between
the total HAM-D scores from the entire cohort when
comparing pre- to post-treatment (Spearman’srho =
0.10). Thisindicated that total HAM-D pre-treatment
scores did not predict the degree of depressive
symptomatology experienced after treatment with
BUP. Furthermore, none of the target variablesin this
study, or their change scores, were directly correlated
with total HAM-D scores at either pre- or post-treat-
ment. However, the platelet immunoreactive IR band
(33 kD band per CD 61 band) showed a significant
correlation between pre- and post-treatment (Spear-
man’s rho = 0.89; slope = 0.6) for the entire cohort
(responders and non-responders), indicating that the
extent of upregulation of this band at pre-treatment
predicted the extent of down-regulation at post-
treatment (Fig. 1).

All five HAM-D clusters were sgnificantly
reduced at post-treatment, as predicted (Bech et al.,
1988). Any statistically significant associations with
the platelet parameters were obtained for only two of
the HAM-D cluster subscores, namely, the endo-
genomorphic (E) and the retardation (R) dimensions.
The endogenomorphic cluster showed a significant
correlation with 1, B,,,, before treatment whether or
not the two non-responders were included in the
anaysis (Spearman’s rho = 0.77) (Fig. 2). Smilarly,
acorrelation existed between the retardation subscore
and platelet 1, B,,,, before treatment, whether or not
the two non-responders were included in the pre-
treatment analysis (Spearman’ srho = 0.57). Further-
more, the retardation cluster showed a significant
correlation between the change score (before to after
treatment) and the decrease in the 33 kD band (per
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CD 61) after treatment (Fig. 3). In this anaysis the
Spearman's rho value was 0.84 for responders but
only 0.52 (not sgnificant) when the two non-respond-
erswere included (Fig. 3).

Of what potential importance are these data? As
an example, let us look at the correlation between
platelet 1, B,. vaues and the endogenomorphic
symptom cluster of depression (Fig. 2). The endo-
genomorphic symptoms are characteristics of “melan-
cholic depression.” They include psychomotor agita-
tion as wel as the typica vegetative symptoms of
weight loss, mid-nocturnal and/or early morning
awakening, retardation (of movement, thought and
speech), and depressed mood. The correlation of
these symptoms with platelet |, B,,.x valueswas 0.77
for dl subjects. A rho value of 0.77 is highly signifi-
cant (p < 0.05) and isrdatively close to unity. If there
were a perfect correlation (i.e., rho = 1.0), the “dots”
would fal on agraight ling that is, the platelet |, B,
value would perfectly predict the severity of the
endogenomorphic symptoms of depression. Since the
rho value is less than 1.0, this means there is some
“imprecision” in our ability to predict the severity of
these symptoms from the platelet I, B,,... But, this

correlation quantifies the variability, and, in this case,
rho = 0.77 means that a straight lineis a decent fit.

In summary, we have observed elevationsin two
platelet parameters during a moderately symptomatic
phase of unipolar depression: platelet 33 kD IRBP
immunodensities, and less significantly, platelet 1,
Buax vaues. After eight weeks of treatment with
BUP, a dgnificant reduction was observed in the
immunodensity of the 33 kD protein. Of potential
diagnostic interest is the observation that both of
these biochemicd parameters on the platelet
(immunodensity and radioligand binding) correlated
with two important dimensions of the depressed state
of the illness; namely, the retardation and the
endogenomorphic (or melanchalic) clusters of symp-
toms. These clusters of symptoms are hallmarks of
depression. In spite of the smal sample size in this
study, these two parameters showed significant
correlations. If these preliminary findings can be
confirmed in larger ongoing studies at the University
of Mississppi Medical Center, a reliable biological
marker for two of the hallmark features of affective
disturbances may be forthcoming.

33 kDa Band per CD61
After treatment
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Platelet Immunoreactive IR Before
and After Bupropion Treatment

Spearman's rho = 0.89

Slope = 0.6, s.e. = 0.08
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33 kDA Band per CD61
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Figure 1. Correlation of the immunodensities of the 33 kDa band per
CD 61 before and after treatment with bupropion.
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Relationship Between Hamilton-D Subscore for
Endogenomorphic Depression with Platelet IR Bmax

in Depressed Patients Before Treatment

Spearman's rtho = 0.77 (overall)
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Figure 2. The endogenomor phic cluster scor e correlates significantly
with the platelet 1, B, before treatment.

Relationship Between Improvement in Hamilton-D
Subscore for Retardation with
Change in Platelet Imnmunoreactive IR
after Buproprion Treatment in Depressed Patients
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Figure 3. Correlation between improvement in the retardation
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Current Status of Neuropathologic Findings and
Treatment Strategiesin Alzheimer’s Disease

Garth Bissette!
Departments of Psychiatry and Human Behavior and Pharmacology and Toxicology,
University of Mississippi Medical Center, 2500 North State Street, Jackson, M S 39216-4505

Theincidence of Alzheimer’sdiseaseisincreasing at darming rates and recent evidence indicates
the neuropathol ogy associated with AD may be present 10 or more years before diagnosis is possible
with currently available techniques. Longitudinal studies of at-risk subjects are the only hope for
discovery of biologica markersfor AD in the early stages of the disease. Such markers would allow
treatments for AD to begin before neurodegeneration produces irreversible deficits and patients
become disabled. The suitablility of several potential biological markers of brain systems affected by
AD neuropathology are reviewed and methods to determine their usefulnessin early diagnosis of AD

are discussed.

Alzheimer's disease (AD) affects 40% of the
United States population reaching 80 years of age.
This neurodegenerative disease is characterized by
progressive dementia and increases in incidence with
age, doubling every 4.9 years after the age of 65.
Two-thirds of the cases of dementia are due to AD
and it isthe fourth leading cause of death inthe U.S.
population. In 1997 there were an estimated 2.32
millions people dready suffering with Alzheimer's
disease in the United States and an additional 360,000
people are expected to devel op the disease each year.
Half the nursing home beds in the U.S. contain AD
patients and the time course of the disease ranges
from two to twenty years with an average of eight
years survivd after clinical diagnosis. Projections are
for the numbers of new and existing cases of AD to
guadruple in the next 50 years (Brookmeyer et a.,
1998). This dire forecast represents an enormous
burden for public hedlth resources, yet delaying onset
of the disease by only two years would reduce the
numbers expected in 50 years by some two millionsin
this country aone. The presence of AD can only be
inferred from clinica symptoms at present and re-
quires a brain sample to be definitively diagnosed.
Such samples are ailmost always obtained after death
and thisiswhere most of the tissue used for research
has necessarily been procured. Thus our knowledge
of what changes in the brain during AD is largely
based upon a picture obtained at death with dl it's
attendant complications. This is analogous to know-

ing the fina score of a sports match without knowing
what transpired during the game; was the lead ex-
changed, who were the mgjor players, etc. In the face
of the looming catastrophic health problem of AD as
foreseen by epidemiologists, this state of affairs is
entirely unsatisfactory.

The first priority at present must be establishing
who is at risk for AD so that treatment can begin
before the effects of neurodegeneration becomes
intolerable. It is not even necessary to be able to stop
the neurodegeneration, athough that would be
preferable and is the ultimate goal. Treatments for
Parkinson’s disease currently give it's victims an
average of eight years of symptom control in the face
of the continuing neurodegeneration associated with
this disease. Unfortunately, the most recent neuroima-
ging and neuropsychiatric data indicates that in AD
the associated pathology may begin as much as 10
years before the disease can be accurately diagnosed
with current clinical techniques. These two studies
were both elegantly conducted but differ in that one
(Fox et al., 1998) found that memory disturbances
were detectable 10 years before a clinica diagnosis of
AD was possible and preceded decreases in regional
cerebral blood flow detected by magnetic resonance
imaging (MRI), while the other detected temporal and
parietal cortex blood flow decreases in individuas
with increased genetic risk for AD before symptoms
of memory disturbance were observed (Reiman et al.,
1996). The measurement of cerebral blood flow with
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MRI isaproxy measure of neuronal metabolic activ-
ity as blood flow is increased in regions of activity
relative to other brain regions. A decrease in blood
flow in a particular brain region indicates posshble
areas of neurodegeneration or neuronal hypoactivity
in AD patients and the areas showing these changes
get larger as the disease progresses (Brown et al.,
1996). With current technology, the presence of
regions with reduced blood flow cannot be used to
definitively diagnose AD because other non-AD
conditions can aso cause sSmilar changes. Thus,
without improved diagnostic ability, it will not be
possible to find individuas developing AD until the
cognitive deficits become established and the disease
will remain untreated when treatment would be most
advantageous and effective.

At present, a definitive diagnosis of AD can only
be made after amicroscopic evaluation of brain tissue
has established increased numbers of two neuro-
pathological structures, neuritic amyloid plagues
(NAP) and neurofibrillary tangles (NFT), in a patient
with a clinica history of progressive dementia. As
some areas have more of these structures than others,
recommendations have been made as to which brain
regions should be examined. These brain structures
must aso be histologically stained to contrast them
from other brain structures and alow accurate count-
ing. Depending upon the success of the staining
procedure, more or less structures will be visble.
Additiondly, NAP are often present in more than one
type, necessitating training to identify al forms that
should be counted. The greatest problem, however, is
that some of these structures are present in normal
brain and increase with increasing age. Thisrequires
relating the number of structures in the suspected AD
brain to the numbers encountered in normal subjects
of the same age. In redity, this means that most of the
AD cases can be identified, but those without much
neuropathology, either because AD has not been
present long enough or who may be resistant to the
pathology, are in an intermediate category that is not
eadly assigned. Some cases of aged individuals with
abundant AD-like neuropathology are found who
were not demented during life and therefore cannot be
said to have had AD. Other individuas may be at
increased risk of AD because of genetic changes in
biochemical pathways affecting the production or
destruction of NAP and NFT.

Genetic transmission of increased risk for AD
does occur, but thus far only account for about 10%
of dl AD cases. In the known forms of genetic predis-
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position for developing AD, we may know the iden-
tity of the protein that is genetically changed, but we
often do not know how that protein contributes to the
disease process and in no case do we know how the
genetic change has changed the shape of the protein
and thus dtered the protein’ s function. The precursor
protein for the B-amyloid protein found in NAP,
amyloid precursor protein (APP), is encoded on
chromosome 21 and people with Down’s Syndrome
have an extra copy of this chromosome (trisomy 21).
Such individuas develop dl the pathological changes
of AD when they liveto the age of 40 years indicating
that overproduction of APP can essentialy produce
early-onset AD. Developing AD before the age of 55
isconsidered to bethe early onset form relative to the
more common late onset variety which usualy affects
individuds after the age of 70 years. Two other
proteins, presenilin 1 (chromosome 14 ) and presenilin
2 (chromosome 1) are implicated in other forms of
early onset AD. These proteins are known to function
inthe intracellular machinery that packages protein in
membranes for internal and externa distribution, but
it isnot known how a dysfunctional presenilin would
cause early-onset AD, although severa theories are
being actively pursued. Anincreased risk for develop-
ing late-onset AD (Corder et al., 1993) has been
associated with the epsilon 4 dlee of apolipoprotein
E (chromosome 19). This protein is found in three
forms termed epsilon 2, 3, or 4 (roughly 20, 70, and
10%, respectively, of the U.S. population has one of
these alleles) and one dlde is inherited from each
parent. Those individuals with both parents contribut-
ing a copy of epsilon 4 (roughly 3% of the U.S.
population) have approximately 80% chance of
developing the disease by the age of 80 years, about
double the risk for those without a known risk factor.
It isimportant to recognize that not everyone with a
genetic risk gets AD at the predicted age (incomplete
penetrance) nor does an increased risk predict what
will happen to an individual. For this reason, genetic
tests cannot be used to diagnose the disease but may
add confidence to a clinical diagnosis of possible AD
when other criteria are not yet definitive.

There have been numerous studies that sought to
establish a laboratory diagnostic test for AD based
upon biochemical and neurotransmitter changes in the
brain. The presence of the blood-brain-barrier (BBB)
has hindered this process as many substances that are
present in brain are not able to be measured in blood
and if they are, non-brain sources often contribute to
blood levels and complicate interpretation of the
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brain’s contribution to any apparent changes in blood
levels. Thus at present, the only diagnostic tests for
AD are based upon changes in the concentration of
biochemicals in the cerebrospinal fluid (CSF) or in
brain tissue (Bissette et a., 1991). Because each
individud’ s amounts of these biochemicals are differ-
ent, these diagnostic tests have arange of values for
norma and AD patients and these ranges overlap to
different extents depending upon the biochemical
agent being measured. This situation prevents one
from being able to assign about 10-15% of people to
ether the normd range or the AD range and thus has
about an 85-90% of correctly assigning a patient to
the AD group based upon a single CSF sample. A
single sample is also unable to provide information
about how much changein a particular biochemicd is
occurring in an individual patient, only serial samples
over time can do this. There have been embarrassingly
few such serid sample studies to date and, for most of
the biochemicals associated with AD, the time of
initid involvement and the rate of change over the
course of the disease remain unknown.

The current diagnostic tests being marketed for
improving clinical diagnosis of AD are based upon
proteins associated with the two types of neuropath-
ologic markers. B-amyloid is a 42 or 43 amino acid
protein fragment of APP that is deposited in the
extracellular space as insoluble fibers within a NAP,
appearing as a diffuse region containing neuritic
endings of nerve processes (diffuse plague) or as a
centra core surrounded by neuritic processes (mature
plaque) after staining under light microscopy. The
application of aged solutions of synthetic $-amyloid
to nerve cells growing in culture or directly into the
brains of laboratory animals causes neuronal death
and degeneration, but this process has not been
demonstrated directly for endogenous p-amyloid in
AD brain tissue. -amyloid can be measured in CSF
and, according to most reports, decreases in groups
of patients with a clinica diagnosis of AD compared
to groups of norma controls (Motter et al., 1995).
The rate of B-amyloid decrease over time in CSF of
an individua with AD is not known but it is thought
that the soluble form detected in CSF decreases as a
result of being deposited in plagues.

The NFT isan intraneuronal structure caused by
pathologica hyperphosphorylation of several amino
acid postionsin the tau protein. Tau protein isfound
in the intracellular microtubule structure that com-
prises part of the interior nerve cell scaffolding and,
upon phosphorylation of these several sites, forms
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paired helica filaments which together make a twisted
and dysfunctiond neurona process visble under light
microscopy after staining as a NFT. Tau and it's
pathologic phosphorylated form are present in CSF
and increases in group mean CSF concentrations of
tau are seen in AD patients compared to non-AD
patients (Vigo-Pelfrey et al., 1995). Changesin CSF
concentrations of tau and B-amyloid are the basis of
a diagnostic test marketed by Athena Diagnostics in
Worchester, MA and a 90% accuracy is clamed in
diagnosing AD if 3-amyloid is below the norma range
and tau is above the normal range.

Neuropil threads (NPT) are intraneuronal proteins
aso associated with the internd nerve cell scaffolding.
Asneurons die and are disrupted in AD, the concen-
trations of these proteins increase in the extracel luar
fluid and CSF concentrations are increased (de la
Monte et al., 1992). Thisisthe basis of a diagnostic
test marketed by Nymox, Inc. of Rockville, MD and
also clams a 90% accuracy in confirming a clinical
diagnosis of AD when elevated beyond the range
found in non-AD controls. Thistest has recently also
become avalable for urine samples where the specific-
ity isreported to be 85%. Like [3-amyloid, neither tau
or NTP has been measured in the same individua with
AD over time and rate of change during the disease
process is unknown.

While many different neurotransmitter systems
have been shown to be altered in post-mortem AD
brain tissue relative to non-AD brain, the contribution
of only a few of these have been associated with
cognitive state during life and many of the reported
changes are only seen when the patient had an exten-
sive history of disease. Three neurotransmitter sys-
tems that have been found to be reiably and
reproducibly decreased in AD are acetylcholine
(ACh), corticotropin-releasing factor (CRF) and
somatostatin (somatotropin-rel ease inhibiting factor,
SRIF). The ACh deficits were the first to be described
and are aimost exclusively limited to a population of
nerve cels in the forebrain region of the nucleus
basdis. These neurons provide almost dl of the ACh
to the cerebral cortex and their loss is associated with
memory impairments and cognitive deficits. The
origind studies found 60-80% of these ACh neurons
in the nucleus basdis were gone at death in AD when
stained for the biochemical enzyme that synthesizes
ACh, choline acetyltransferase (CAT). In these
studies the average time from death to tissue
collection was above 24 hours. A few studies using
biopsy samples of cerebra cortex obtained from living
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patients that were an average of 3.5 years from initia
clinica diagnosis of AD dso found similar amounts of
CAT decrease and these tissues also had decreases in
the high-affinity transport of choline into the
remaining ACh terminals in cerebral cortical tissue
(Palmer, 1996). However, more recent work using
imaging techniques and rapidly obtained autopsy
tissue has called the conclusions of this prior work
into question. The high-affinity choline transporter
(HACT) actudly controls the rate of ACh production
as it's ddivery of choline across the neuronal
membrane is rate-limiting, energy-dependent and
simulus-regulated. In anormal response to decreased
synaptic availability of ACh, the remaining ACh
neurons would increase their release of ACh to
compensate, causing increased firing rates and
increased amounts of choline delivered by HACT to
replace the released ACh. Thisis precisely what was
found in freshly obtained AD cortical tissue within
two hours of death compared to non-AD control
tissue obtained under similar conditions (Bissette et
a., 1995). Additiondly, the amount of CAT decrease
in this rapid autopsy AD tissue was under 40% of
normal or about haf of what had been previousy
reported in post-mortem and ante-mortem studies.
Interestingly, the two receptor types associated with
cholinergic neurons, muscarinic and nicotinic, are only
decreased where the pre-synaptic neuron degenerates
and apparently remain unchanged in the post-synaptic
neurona populations. Further evidence for more
modest cholinergic changes are found in recent
reports using imaging techniques to quantify ACh
vesicular transporter (provides uptake of ACh into
synaptic vesicles), where mid-stage disease AD
patients were shown to have about a 30% decrease in
the activity of this ACh transporter in brain (Kuhl et
al., 1996). Only arelatively smdl proportion of AD
patients treated with inhibitors of the enzyme that
degrades ACh, acetylcholinesterase (AChE), show
measurable or sustained improvements in cognitive
function. These recent data and the margina
treatment response are consistent with either a more
modest cholinergic involvement during AD and at
death than was previoudy believed or the rapid
degradation of these markers in tissue removed more
than two hours after death or removal from the living
brain. Because ACh is broken down very rapidly by
acetylcholinesterase (AChE), it cannot usually be
measured directly in either brain or CSF without rapid
denaturing of AChE by microwave irradiation. This
effectively prevents measuring ACh directly in human
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post-mortem tissue. However AChE can be measured
in brain and CSF and the ability of AChE to break
down ACh increases with increasing age. However, in
AD, AChE decreases in activity and amount in the
CSF (Urakami et al., 1989), although the rate at
which this occursin individuds with the disease is not
well known.

Somatostatin  (SRIF) was the second
neurotransmitter substance to be reported to be
decreased in the brains of AD patients. Somatostatin
IS a neuropeptide containing either 14 or 28 amino
acids and plays the inhibitory role in the dud
regulation of pituitary hormone secretion. Outside the
hypothdamus, SRIF isfound in cortical interneurons
and is often co-localized with inhibitory amino acid
transmitters. The cortical layers where these
interneurons reside provide communication between
the various regions of the cerebral cortex and their
losswould interrupt this communication. Actual loss
of SRIF-containing neurons in AD brain have been
demonstrated in only a few studies (Davies et d.,
1990) and some AD researchers believe SRIF systems
aretargets of disregulation rather than neurodegener-
ation. Many studies have reproduced the finding of
decreased amounts of SRIF in brain tissue from the
cerebral cortex and in CSF (Bissette et a., 1986) of
AD patients, but decreased SRIF isaso found in the
CSF in many diseases that affect cognitive function
(Bissette and Myers, 1992). This prevents using
decreased SRIF in CSF as a diagnostic marker for
AD. The degree of cognitive deficit in AD is
correlated with the amount of SRIF deficit in both
CSF and post-mortem brain (Tamminga et al., 1987).
Three studies have reported reversal or dowing of
SRIF decreases in CSF of AD patients after
treatment. One of the studies (Alhainen et a., 1991)
used the AChE inhibitor, Tacrine, but the other two
(Karlsson et d., 1986 and Widerlov et al., 1989) used
environmenta stimulation where the hospital nursing
daff made extra efforts to involve the patient in daily
activities and orient them in space and time. Two CSF
samples from each individua were compared in these
studies, making it possible to demonstrate that the AD
patients in the treated groups had less change in the
declining amounts of SRIF measured than was present
in the untreated AD patients. Because the receptor
populations that recognize SRIF are also decreased in
AD, it may not be possible to use drugs that activate
SRIF receptors effectively in attempts to compensate
for the decreased SRIF in AD brain. However, the
evidence that behavioral treatment can dow or
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reverse the CSF deficits in SRIF offers
encouragement that these changes may not be
completely irreversiblein AD.

Corticotropin-releasing factor isa 41 amino acid
neuropeptide neurotransmitter found mainly in the
hypothaamus and regul ates the pituitary-adrena axis.
CRF isdso found within cerebral cortex interneurons
that also often contain the inhibitory chemica
neurotransmitter, gammaamino butyric acid (GABA).
CRF isdepleted from cortical regionsin AD (Bissette
et d., 1985) due to degeneration of these interneurons
and recent reports indicate that the CRF deficits are
more widespread throughout the cortex (Bissette et
al., 1998) and are even more associated with
cognitive decline than can be demonstrated for SRIF
(K.Davis, personal communication). Unlike SRIF,
however, CSF levels of CRF are not rdiably found to
be decreased in AD (Nemeroff et a., 1984 and
Martignoni et a., 1990) and receptors for CRF
increase rather than decreasing as for SRIF. The
increase inregiona CRF receptor number isinversaly
proportional to the regional decrease in CRF content
(DeSouza et a., 1986) and such “up-regulated’
numbers of CRF receptors indicates that treatment to
increase synaptic availability of CRF would have an
effective target to act upon. Drugs that release bound
CRF from the CRF-binding protein are being
developed for use in AD, but clinical trials first must
demonstrate safety and lack of toxicity.

Many investigators have wondered which of these
various neurotransmitter and neuropathol ogic marker
changes occur first in AD and how quickly they
change over the course of the disease. One hypothesis
isthat the degeneration of cholinergic neurons causes
further degeneration of the cortical interneurons
containing CRF and SRIF. However, when |aboratory
animals are given lesions in the nucleus basdis that
destroy the cholinergic neurons affected in AD and
are dlowed to recover for nine months (Millard et al.,
1990), the cortical concentrations of CRF and SRIF
are greatly increased rather than decreased as this
hypothesis would predict. Evidence from post-
mortem tissue where both CRF and SRIF were
measured in the same sample in various brain regions
demonstrates that the largest deficits in both
neuropeptides occurs in the entorhinal and parietal
cortex. This is the area where imaging techniques
demonstrate decreased blood flow during the
development of AD. Thus, an alternative hypothesis
would be that the neuropeptide changes occur either
before or in concert with cholinergic neuron loss and
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that these changes would occur first in the
entorhinal/parietal cortex regions. It is possible that
such changes in CRF and SRIF might underlie the
persondity and emotional changes often reported to
precede memory loss by the caregivers of AD patients
and to be the first indication to the caregiver that
there was something wrong. As it usualy takes
severa years for the progressive dementiain AD to
develop after these first behavioral changes occur, this
would be an ideal time to begin treatment if our
diagnostic ability could be extended to this early stage
of the disease process. The test of this alternative
hypothesis awaits afew courageous patients and their
families.

If asmdl group of people who were at increased
risk for AD from afamily history (anecdotal reports
of senility or dementia in the two preceding
generations) or newly diagnosed with possible AD
(due to either mild memory or emotiona change)
would consent to participate in a research study
underway at the University of Mississppi Medica
Center this idea could be tested. The person would
not enter the study until they reached the age-
appropriate range where pathological changes might
first be detected. This would typicaly be at or after
the age of 60 years unless the family history indicated
an ealier onset form. The person would be
cognitively norma except for the mild memory or
emotiona change and would be able to understand
the reasons for the project and what would be
required of them, i.e. informed consent. The person
would agree to dlow asample of CSF to be collected
and a regional MRI image of cerebral blood flow
would be generated. The person would be tested for
cognitive ability before these procedures and would
be given the tests again each year or up to twice per
year. Another CSF sample and MRI scan would be
performed at three year intervals if no cognitive
changes occur or at two year intervalsif progressive
cognitive decline is detected. If a large change in
cognitive status is detected between two test periods,
another CSF sample and MRI scan will be requested.
Patients are alowed to withdraw from the study at
any time and if cognitive decline proceeds to the point
where the patient is no longer able to give informed
consent themselves, their legal guardian would decide
whether they should continue in the study. It is
important that the person at risk for AD tell their
families about their decision and wishes for the future
in regard to continuing in the study so that the
families will proceed as the person desires. By
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comparing the amounts of AChE, SRIF and CRF in
two or more CSF samples from the same person at-
risk for AD, we can test when and which of these
transmitter systems are first affected. The amounts of
the three diagnostic neuropathology marker proteins
will aso be measured, providing a continuing
assessment of changes in these disease-related
proteins and the related neurodegeneration. The
cerebral blood flow changes will be compared to the
biochemical changes in an attempt to localize the
brain region(s) likely contributing to the biochemical
changes. All of these measurements are made at no
cost to the patient. Thirty or forty people are followed
until they have a high-probability of AD and have
provided three, four or more CSF samples and MRl
images, it will be possible to determine if one or
another of these known biochemical changes occurs
inthat individud. If most people show the same order
of biochemica changes, it would provide good
evidence for which therapeutic target should be
sdected at a particular stage of AD. This knowledge
should produce better treatment responses than are
presently seen in the mgjority of patients treated with
the currently available drugs. Unless some courageous
and altruistic people are willing to provide such
biological samples and imaging data, our ability to
treat the appropriate biochemica target of AD
changes will only occur by accident if the treatment
and change happen to coincide in time. To paraphrase
a popular song by David Bowie: We can be heroes
just for one day (every two or three years).
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The Neurobiology and Psychophar macology
of Schizophrenia: An Update

Henry A. Nasrallah!
University of Mississippi Medical School, Jackson, MS 39216

Schizophreniais a serious neuropsychiatric brain disorder characterized by many disabling clinica
manifestations. Many lines of evidence point to a neurodevel opmenta pathogenesis in schizophrenia,
although recent research pointsto a possible neurodegenerative component as well, especidly in the
first few years after the initid psychiatric hospitalization. The major treatment of schizophreniais
pharmacological, but psychosocid and rehabilitative therapies are adso vita after stabilizing the acute
psychotic symptoms. The first generation of antipsychotics which became available in the mid-1950s
were limited in their efficacy and associated with many neurologic and medica side effects which
engender poor compliance and frequent relapses. The new generation of antipsychotics, also caled
serotonin-dopamine antagonists, became available in the mid-1990s and have proven to have broader
efficacy, more tolerable side-effect profile, and better outcomes. Neuroscience research into the

neurobiology and psychopharmacology of schizophrenia will

continue to e€ucidate the

pathophysiology and treatment of this disabling brain disease.

Schizophrenia is arguably the most severe and
disabling psychiatric brain disorder (Shriqui and
Nagralah, 1995). Itsonset isusudly in the late tens to
mid twenties, but its course lasts a lifetime, often
reducing a previously functioning and promising
young person to a vocationally disabled, frequently
hospitalized and socialy isolated individual who is
amog totaly dependent on others for sustenance and
care. It isacruel disease that robs its victims of the
core of what makes them human: to love and to work.

CLINICAL FEATURES

The clinicd manifestations of schizophrenia are
numerous, indicating that many brain regions are
involved. Many, but not dl of these clinical symptoms
are included in the officia diagnostic criteria for
schizophrenia (The American Psychiatric Association,
1994). Thedinica features are generally categorized
into four domains:

(1) Positive symptoms—These include several
psychotic symptoms that almost invariably lead to
psychiatric  hospitalization. The most common
positive symptoms include halucinations (auditory,
visual, somatosensory), delusions (paranoid or non-

paranoid), bizarre behavior, disorganized speech and
thought disorder.

(2) Negative symptoms—Also called deficit
symptoms, they include the inability to express
appropriate emotions or gestures, failure to express
complex conceptual thoughts, social withdrawal,
gpathy and lack of motivation, and inability to derive
pleasure from any activity, and impaired attention.
These symptoms may manifest dowly and insdiously
long before the appearance of the acute psychotic
symptoms that prompt hospitalization, and they
became more clinically prominent after the remission
of the positive symptoms (Andreasen, 1982).

(3) Cognitive dysfunction—Several key man
functions are impaired n schizophrenia, including
memory, learning, attention and executive functions.
These deficits are often the reason for the inability of
aperson with schizophreniato return to school or to
hold ajob, and they seem to deteriorate following the
initial psychotic episode before which the cognitive
functioning of patients may be quite better than
average.

(4) Comorbid psychiatric disorders—Patients
with schizophrenia often manifest one or more
additional psychiatric syndromes, most commonly

Td: (601) 368-4159; email: hnasra2905@aol.com
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depression, anxiety, aggression, and substance abuse.
There comorbidities often complicate the course and
outcome of treated schizophrenia

NEUROANATOMIC ABNORMALITIES

The advent of brain imaging techniques over the
past two decades have led to the detection of many
structural brain abnormalities in schizophrenia using
computerized tomography (CT) and magnetic
resonance imaging (MRI) scans (Krishnan and Dorai-
swamy, 1997). These finding include dilated lateral
and third cerebra ventricles, overall cerebral hypopla
sia as wdll as regional hypoplasiain the volumes of
frontal, temporal limbic structures, thalamic nuclei
and corpus callosum. Clinical significance of these
neuroanatomic findings is the subject of ongoing
research. However, certain clinical correlates have
been reported such as an association between
temporal lobe abnormalities (hypoplasia of the
superior tempora gyrus and the hippocampus) with
positive symptoms and between frontal lobe
pathology with negatives symptoms. Cognitive
deficits are aso associated with fronto-temporal
dysfunction.

PATHOGENESIS

Many possible etiologies for schizophrenia have
been proposed. However two overarching hypotheses
have recently emerged; the neurodevelopmenta and
neurodegenerative models.

The neurodevelopmental  hypothesis  of
schizophrenia (Nasrallah, 1993) is based on multiple
live of evidence which point to a disruption of brain
development during fetal life which may include both
genetic and environmental factors. The evidence
includes 1) excess of perinatal and obstetric
complications in schizophrenia, 2) neurophysiological
and behaviora pathology during infancy and
childhood of adult onset schizophrenia, 3) presence of
hypoplastic brain changes at the onset of theillnessin
adulthood, 4) postmortem histopathol ogical evidence
suggestive of impaired neuronal cell migration, a
second trimester process, 5) absence of gliosis in
postmortem samples of schizophrenia.

The neurodegenerative hypothesis on the other
hand, is supported by the observed clinicd
deterioration, cognitive decline, and reports of
progressive cerebrd tissue loss after psychotic relapse
early in the course of schizophrenia (Knoll et al.,
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1998). While the putative processes that result in
cerebra atrophy following the onset of psychosis are
still unknown, possible mechanisms may include 1)
neurotoxicity (secondary to glutamate), 2) free-radica
damage due to impared antioxidants, 3)
hypercortisolemia-induced atrophy and 4) apoptosis
secondary to increased brain catecholamines. Many
researchers agree that both neurodevel opmental and
neurodegenerative factors are probably involved in
schizophrenia

PSY CHOPHARMACOLOGY

The start of pharmacologic treatment of
schizophrenia occurred in the mid 1950s with the
serendipitous discovery that chlorpromazine
suppressed psychotic symptoms in many patients
ingtitutionalized for chronic schizophrenia (DiMascio
and Shader, 1970). This momentous discovery
launched the psychopharmacologic era of
antipsychotic treatments which ended the practice of
“warehousing” schizophrenic patients in state hospital
often for a lifetime due to the lack of any effective
treatment for psychosis. Between 1955 and 1975,
dozens of antipsychotic compounds were synthesized
to treat schizophrenia, while dl of them were
efficacious in treating delusions, halucinations and
agitation in many psychotic patients, it became clear
that these drugs had significant limitations including:
1) about a third of the patients faled to derive any
benefit from them, 2) only positive symptoms, but not
negative, cognitive or depression symptoms,
responded to these medications, 3) serious side-
effects were associated with these first generation
antipsychotics (also caled neuroleptics) especialy
extrapyramidal side effects (EPS) such as dystonia,
akathida, dyskinesia and parkinsonism, and the often
irreversible oro-buccal movement disorder known as
tardive dyskinesa which emerges in more than half
the patients, 4) patient compliance was very low,
leading to frequent relapses, increased mortality and
poor social and vocational outcomes.

Much was learned about the neurochemistry of
mental disorders such as schizophrenia with the
discovery of the first generation of antipsychotics
(which dso led to the discovery of tricyclic
antidepressant drugs). The EPS motoric side effects
of the neuroleptics strongly suggested that blockade
of dopamine receptors was one of the mgor
mechanisms of action of those drugs, and implicated
dopamine and other catecholamine pathways in the
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neurochemistry of psychosis (Seeman et al., 1976).
However, two dopamine tracts in the brain are
associated with psychosis (meso-cortical and meso-
limbic) while others like the nigrostriatal and tobero-
infundibular were associated with the side effects
(EPS and hyperprolactinesia) of the D, blockade
action of the first generation antipsychotics.

It was clear that a better class of antipsychotics
was needed to address the clinicd needs of
schizophrenia. However, it took twenty years from
the launch of the last “conventional” neuroleptic
(molindone) in 1975 to the introduction of the new
class of novel or second-generation antipsychotics
(Kane and McGlashan, 1995). The new class of
antipsychoatics are their broader efficacy (on positive,
negative, cognitive and mood symptoms) and better
safety and tolerability (such as far less EPS). This
improved profile may be due to the fact that the novel
antipsychotics are selective to the limbic and frontal
dopamine receptors (D,, D,, D5, and Dy receptors),
thus causing far less EPS by avoiding the D, receptors
in the striatum. Further, the newer antipsychotics aso
block serotonin 5HT, receptors in addition to
dopamine receptors (which iswhy they are also called
serotonin-dopamine antagonists or SDAS), and that
encloses them with efficacy on some negative and
mood symptoms and probably the lower tendency for
EPS aswell.

The outcomes of pharmacological treatment of
schizophrenia have improved significantly with the
new generation antipsychotics, athough it is hoped
that even more efficacious medications may be
developed over the next few years. Perhaps
antipsychotics with non-dopamine mechanisms such
as serotonin or glutamate pathways may be devel oped
to treat the symptoms of this serious brain disorder. In
fact, consderable research is focusing on the NMDA
receptor in schizophrenia because phencyclidine
(PCP) psychosisis the closest mg-induced model of
schizophrenia  (Andersson et al., 1998).
Amphetamine, a dopamine agonist, produces a
paranoid psychosis which is comprised predominantly
of pogtive symptoms, in contrast to PCP, an NMDA
antagonist, which produces positive, negative and
cognitive features.

PSY CHOSOCIAL ASPECTS
Schizophrenia cannot be managed with a
pharmacologic agent aone. This is a complex
biopsychosocial disorder that necessitates individua
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and family psychotherapy as well as socid and
vocationd rehabilitation (Herz et a., 1990). Thisisa
very costly disease (about $60 billion total annual
cost, direct and indirect) and most schizophrenic
individuals depend on public support for lifetime
medical care, housing and subsistence. Significant
more research is needed to identify the specific
causes, better treatments and prevention of
schizophrenia

CONCLUSIONS

Despite many recent advances in he neurobiology
and psychopharmacology of schizophrenia, much
more needs to be learned about this severe and
heterogeneous psychiatric brain disease. The
knowledge generated by research into schizophrenia
will ducidate not only the pathogenesis and treatment
of psychosis but will aso improve the understanding
of brain mechanisms underlying behavior, thoughts,
emotions and cognition in many related psychiatric
disorders. The sgnificant recent advances in the
pharmacology of schizophrenia are likely to be
superceded by even more impressive advances over
the next decade.
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Silica-scaled Chrysophyceae and Synurophyceae (Chrysophyta)
from Mississippi

Daniel E. Wujek
Department of Biology, Central Michigan University, Mt. Pleasant, M1 48859

A total of 36 slica-scaled chrysophytes (Chrysophyceae: 4 Paraphysomonas spp., 2 Spinifero-
monas spp., and 2 Chrysosphaerdla spp.; Synurophyceae: 17 Mallomonas spp., and 11 Synura spp.)
was recorded from 39 water bodies in 16 Missssippi counties using transmission electron
microscopy. The number of taxa per location varied from 0 to 12. One new record for North America
was observed, Paraphysomonas punctata Zimmermann ssp. punctata. The non-siliceous scaled
Pseudodendromonas vikii Bourrelly was aso collected, hitherto known only in North Americafrom

Alabama.

The Mississippi freshwater agal flora, and slica-
scaed chrysophytes in particular (classes Chrysophy-
ceae and Synurophyceae), are known only from
studies based on light microscopy (Prescott and Scott,
1942; Goodwin, 1953; O’ Quinn and Sullivan, 1983;
Maddox et a., 1997), with only studies by Goodwin
(1940), Whitford (1950) and Williams et a. (1977)
having reported silica-scaled chrysophytes. The flora
of neighboring states based on electron microscopy
(EM) is becoming well documented: Florida (see
Wujek and Siver, 1997 and Siver and Wujek, 1998
for literature), Alabama (Wujek and Asmund, 1979;
Woujek and Menapace, 1998), and Louisiana (Wee et
al., 1993). Asmund and Kristiansen, (1986) has
documented that EM is the only reliable instrument
for confirming the identification of slica scaed
chrysophytes.

In this study, the silica-scaled alga florafrom 39

water bodiesin 16 Mississppi counties was examined
using transmission electron microscopy (TEM).

MATERIALS AND METHODS

Near shore phytoplankton samples were collected
with a plankton net (10 pm mesh size) from 4 to 8
March 1996 from 39 different ponds and lakes (Table
1). Samples were fixed in 2% acid Lugol’s iodine.
Physicochemical parameters (Table 1) measured in
the fidd at the time of sampling were water
temperature, pH (Markson model 85), and
conductivity (Oakton WD-60); time of sampling
varied during daylight hours. For TEM, subsamples
were placed on Formvar-coated, carbon-stabilized
grids, ar-dried, and examined with a Philips 300
TEM. All identifications were based on TEM.

Table 1. Number of slica-scaled chrysophyte taxa and environmental factors associated with
phytoplankton samples collected in 16 Mississippi counties (4-8 March 1996).

No. Temp. Conduct.
L ocation Date Taxa pH (°C) puScm'?
Tishomingo County 4 March
1. Moser Pond (T3S, R11W, Section 19) 4 545 12.6 35.2
2. Lakein Tishomingo State Park (T5S, R10E, Section 25) 6 885 12.7 315
Prentiss County 4 March
3. Dam Pond (T5S, R7E, Section 10) 1 7.30 14.7 115.6
4. Dam Pond (T5S, R7E, Section 20) 5 815 13.7 49.2
5. Anderson’s Pond (T6S, R6E, Section 1) 6 845 14.8 66.4
6. Lake in Badwyn (T6S, R6E, Section 26) 2 8.85 16.5 115.1
Lee County 4 March
7. Five County Sportsman Lake (T7S, R6E, Section 26) 1 8.45 135 190.9
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8. Lake Lamar Bruce (T8S, R6E, Section 16)38.3514.547.7

9. Barley Lake (T10S, R5E, Section 24)
Monroe County 4 March

10. Lake Monroe (T13S, R7E, Section 16)

11. Treas Lake (T14S, R7E, Section 29)
Oktibbeha County 5 March

12. Impoundment (T18N, R15E, Section 6)

13. M.S.U. Golf Course (T19N, R15E, Section 28)
L owndes County 4 March

14. L ake Catherine (T18S, R18W, Section 28)

15. Lake Lowndes (T19S, R17W, Section 3)

16. Front Yard Pond (T19S, R17W, Section 6)
Noxubee County 5 March

17. Land of Lakes (T16N, R16E, Section 15)

18. Howard Lake (T15N, R17E, Section 32)

19. Impoundment (T15N, R16E, Section 31)
Winston County 5 March

20. Lake Tiak-O’'Khata (T14N, R12E, Section 5)

21. Taylor Lake (T15N, R12E, Section 32)

Choctaw County 5 March
22. Choctaw Lake (T16N, R11E, Section 2)
Oktibbeha County 5 March

23. Moon Lake (T18N, R13E, Section 12)
24. Impoundment (T18N, R13E, Section 12)

Oktibbeha County 6 March
25. Oktibbeha County Lake (T19N, R13E, Section 21)
Webster County 6 March

26. White Creek Lake (T20N, R10E, Section 31)
27. American Legion Lake (T20N, R10E, Section 6)
28. Dorroh Lake (T21N, R9E, Section 10)
Cahoun County 6 March
29. Pond (T22N, R9E, Section 4)
30. Caviness Ponds (T23N, ROE, Section 14)
Chickasaw County 6 March
31. Tindall Drive (T14S, R3E, Section 4)
32. Linn Lake (T14S, R4E, Section 22)
Clay County 6 March
33. Dean’'s Lake (T16S, R4E, Section 24)
34. Hurst (Catfish) Ponds (T17S, R15E, Section 10)
35. Walker Lake (T20N, R5E, Section 10)

Leake County 7 March
36. Impoundment (T10N, R6E, Section 25)
Rankin County 7 March

37. Goshen Springs Boat Launch (T8N, R4E, Section 30)
38. Spring Lake (T5N, R2E, Section 15)

Pearl River County 8 March
39. Tate's Pond (T6S, R16W, Section 20)
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Table 2. Distribution of silica-scaled chrysophytes from 16 Mississippi counties; see Table 1 for
descriptions of sampling localities. Bold type indicates complete cells or colonies wer e observed.

Taxon Sampling Site
Synurophyceae
*Mallomonas acaroides Perty emended Ivanov 29

M. akrokomos Ruttner

M. annulata (Bradley) Harris

*M. caudata Kreiger

M. crassisquama (Asmund) Fott

M. cristata Durrschmidt

M. cyathellata Wujek & Asmund

**M. quttata Wujek

. hamata Asmund

. heterospina Lund

. mangofera Harris & Bradley f. mangofera
. mangofera f. foyeata DUrrschmidt

. multiunca Asmund

. papillosa Harris & Bradley

. pumilio Harris & Bradley

. tonsurata Teiling emended Kreiger

. transsylvanica Peterfi & Momeu
**Synura australiensis Playfair

S curtispina (Petersen & Hansen) Asmund
S echinulata Korshikov

S mammillosa Takahashi

I L

2,3,4,5,8, 15,17, 24, 27, 29, 33, 36, 39
29
2,5,8,9,10, 12, 13, 27, 28, 32, 33, 37, 38
4,8, 23, 29, 33, 34

11, 23,31

28

1,24

1, 23, 27, 29, 33

23

22,23, 36

23

16

1,28

1

17,23

6,7, 27

4,18, 27

5, 27, 36, 37

5,21, 23, 27, 36

21

S mollisvina (Petersen & Hansen) Peterfi & Momeu 37

S petersenii Korshikov f. petersenii

S oetersenii f. glabra Korshikov

S petersenii f. kufferathii Petersen & Hansen
S spinosa Petersen & Hansen f. spinosa

S spinosa f. longispina Petersen & Hansen
*S uvella Stein

Chrysophyceae

Chrysosphaerella brevispina Korshikov

C. coronacircumspina Wujek & Kristiansen
Paraphysomonas gladiata Preisig & Hibberd
P. imperforata Lucas

P. punctata Zimmermann ssp. punctata

P. vestita (Stokes) de Saedeleer
Spiniferomonas bourrellyi Takahashi

S trioralis Takahashi

4, 16, 21, 23, 27, 36, 37

37

19, 23, 26, 28

2,5

1,15, 37

2,4,5,6,7,8,11, 16, 21, 22, 24, 26, 27, 28, 36,
37

25

11

23

20

29,34

14, 22, 23, 25, 26, 27, 29, 36, 38, 39
38

2, 11, 18, 23, 24, 26, 29, 36

* = Taxon previously reported for Mississippi

** = Taxon reported to be tropical (Cronberg, 1996)

162

Journal of the Mississippi Academy of Sciences



RESULTS AND DISCUSSION

Thirty-sx slica-scaled chrysophytes and one non-
siliceous scaled organism with chrysophyte affinities
were found during this investigation. The list of taxa
(Table 2) includes 17 Mallomonas taxa, 11 Synura
taxa, including three formae of S. petersenii, four
Paraphysomonas taxa including one new record for
North America, P. punctata Zimmermann ssp.
punctata (Fig. 1), 2 Chrysosphaerella taxa and 2
Spiniferomonas taxa.

The number of scale-bearing chrysophyte taxa
observed per sample varied from 0 to 12. Species
richness was greatest with a decreased water
temperature (Table 2). The most frequently observed
Mallomonas species were M. akrokomos and M.
caudata (present in 33% of the 39 samples), M.
crassisquama (15%), and M. hamata (13%).
Frequently occurring taxa in other genera included
Synura uvella (41%), S. petersenii f. petersenii
(18%), S echinulata (13%), Paraphysomonas vestita
(26%), and Spiniferomonas trioralis (21%). In
contrast, 15 taxa were encountered at only a single
locality: Mallomonas acaroides, M. annulata, M.
cyathellata, M. heterospina, M. mangofera var.
foveata, M. multiunca, M. pumilio, Synura
mammillosa, S. mollispina, S. petersenii f. glabra,
and Chrysosphaerella brevispina, C. coronacircunt
spina, Paraphysomonas gladiata, P. imperforata, and
Spiniferomonas bourrellyi.

Two sites, Caviness Ponds and Walker Lake,
apparently lacked scaled chrysophytes. The reason for
thisisunknown. Moon Lake (12 taxa) and American
Legion Lake (10 taxa) had the highest diversity. One-
haf the stes (19 of 39) yielded only 1 or 2 taxa each.

The range in water temperatures (6.5-25.4°C)
and the time of year suggest the collections contained
elements of both late spring and summer floras (Table
1, Fig. 3). Species that were observed in this study,
such as Mallomonas akrokomos and M. transsylvan-
ica, have often been observed under the ice in more
northern regions (Cronberg and Kristiansen, 1980;
Siver, 1991). In contrast, taxa such as M.
crassisguama, M. tonsurata and Svnura curtispina
are more commonly observed during the summer
(Siver, 1991).

The pH of samples ranged from 5.45 to 8.85.
Many of the species observed in localities with lower
pH vaues (eg., Mallomonas hamata, M.
transsylvanica, and Synura echinulata) have been
previoudy reported as common in acidic habitats
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(Siver, 1988, 1989, 1991). Our observations clearly
support these earlier findings. The pH ranges for the
11 most frequently observed taxa present in 10% of
the samples are shown in Fig. 4. Mallomonas hamata
showed the largest range (5.45-8.85) followed by
Synura uvella and Spiniferomonas trioralis
(6.25-8.5). Synura petersenii f. kufferathii and Mal-
lomonas crassisquama had the narrowest ranges
(6.35-8.45). Thedatafor dl 11 species are within the
values reported in the literature.

Conductivity ranged from 22.4-228 uScm™. For
those taxa observed in 10% or more of the samples
(Fig. 5), Synura petersenii f. kufferathii and Mallo-
monas crassisquama had the narrowest ranges
(24-64 and 3764, pScm™ respectively). The largest
ranges were observed for Mallomonas caudata
(32-228), M. akrokomos (22-125), Synura uvella
(24-191) and Spiniferomonastrioralis (24—131). The
last two taxa were reported as exhibiting smilar
ranges in Alabama (Wujek and Menapace, 1998).
Siver and Hamer (1989) were the first to demonstrate
the usefulness of specific conductivity in regulating
the distribution of scaled chrysophytes. Of the three
physicochemical parameters measured, only
conductivity correlated sgnificantly with taxa number
(Pearson Correlation = -0.377). Siver (1993) pointed
out that additional studies, particularly those of the
effects of specific ions, are needed before conductivity
gradients can be established for these organisms.

Non-siliceous scales of the free-swimming
biflagellate Pseudodendromonas vikii Bourrelly (Fig.

Figures 1, 2. 1. Céll of Paraphysomonas punctata
ssp. punctata with scales sloughing from cell. 2.
Single scale from a cell of Pseudodendromonas
vikii. Scale bars=1 pm.
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2), acolorless and typically stalked organism, were
observed only in the Treas Lake sample from Monroe
County. The taxonomic position of the genus is
uncertain. It has been varioudy described as a
colorless member of the algal classes Chrysophyceae
(Bourrelly, 1953) or Prymnesiophyceae (=Haptophy-
ceae) (Mignot, 1974). Zoologicd treatments place the
genus in the protozoan class Zoomastigophorea (as
characterized by Levine et al., 1980) and in a new
order Pseudodendromonadida (Hibberd, 1985), family
Pseudodendromonidae (Patterson and Z6ffel, 1991)
or the phylum Opalozoa, class Proterozoea, order
Cyathobodonida (Corliss, 1994). This report is the
second TEM observation of this taxon for North
America. Other locations for P. vikii are France
(Bourrdlly, 1953; Mignot, 1974), England (Hibberd,
1975) and the U.S. (Alabama: Wujek and Menapace,
1997).

6.5 8.5 10.5 12.5

In conclusion, as has been demonstrated for other
regionsin the Southeastern U.S., Mississippi supports
adiverse flora of silica-scaled chrysophytes. Further
collections and observations from other localities in
the state as well as sampling over an annua cycle
should yidd additional taxa. The silica-scaled chryso-
phytes (Chrysophyceae and Synurophyceae) found in
Mississppi now include 36 taxa, 33 of which are new
reports (Table 2). Thisis less than haf the 73 taxa
reported from Florida (Siver and Wujek, 1998 and
literature therein) or 83 in Michigan (Wujek and Igoe,
1989, and literature therein), statesin which the silica
scaled chrysophyte floras have been more intensely
studied. It does compare favorable with Louisana and
Alabama, neighboring states which have had 43 and
45 taxa reported, respectively (Wee et al., 1993;
Woujek and Menapacef 1998).

14.5 16.5 185  20.5 22.5 24.5

Mallomonas akrokomos
M. caudata

M. crassisquama

M. hamata
Synuracurtispina

S. echinulata
S.peterseniif. kufferathi
S.petersenii f.petersenii
S.uvella
Paraphysomonas vestita

Spiniferomonas trioralis

Figure 3. Water temperatureranges for the 11 most frequently observed taxa. Enlarged circlesindicate two

or more siteswith identical temperatures.

5.45 5.95 6.45 6.95 7.45 7.95 8.45 8.85
L t i I 1 ¥ I

Mallomonas akrokomos P R

M. caudata P

M. crassisquama .

M. hamata

Synura curtisping

S. echinulata

S. peterseniif. kufferathi

S. petersenii f. petersenii

S.uvella . Y

Paraphysomonas vestita

Spiniferomonas trioralis

Figure4. pH rangesfor the 11 most frequently observed taxa. Enlarged circles indicate two or more sites with

identical pH.
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Figure 5. Conductivity rangesfor the 11 mogt frequently observed taxa. Enlarged circlesindicate two or more

siteswith identical conductivities.
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The Effect of NaCl and MgCl, on Algal Physiology and
Accumulation of Organic Solutesin Chlorella pyrenoidosa L.

Mark G. Hardy, Sophia Sanders-L eggett and Gregorio B. Begonia®
Department of Biology Jackson State University Jackson, MS 39217

This study addressed the effect of osmoregulation on physiological and biochemica changes
involved in the adaptation of Chlorella pyrenoidosa (L.) to changing sdinities. Chlorella pyrenoidosa
grown at high salinities demonstrated increased percent sexudity and a decreased amount of dissolved
oxygen. An inverse relationship existed between total growth and increased sdinities (NaCl or MgCl,
) asindicated by reductionsin total growth of C. pyrenoidosa. Growth medium pH was not affected
by changesin sdinity. Nuclear magnetic resonance (NMR) analysis indicated that increasing salinities
caused cdlular osmoregulation by C. pyrenoidosa, resulting in increased production of intracellular

13C-labeled organic solutes.

The use of microalgae as an agricultural fertilizer
has been demonstrated by coastal farmers for a
number of years (Booth, 1965). As early as 1980,
researchers explored developing fertilizers that do not
contaminate ground and surface waters or cause
erosions (Waaand, 1981). Conventiona fertilizers
contain multiple nutrients, nitrogen, phosphate,
potash materials, and secondary micronutrients that
can cause degradation in sub-surface water quality.
Fertilizers produced using fossl fuels are expensive
and remain amgor issue with the agricultural industry
because of leachates resulting from such chemicas
(Lobban and Wynne, 1981).

According to the Association of American Plant
Food Control Officids 1996 Annua Report, the
United States consumed atotal of 50,744,419 tons of
commercid fertilizers in 1995. Furthermore, as of
June 1996 the total usage increased to 53,439,634
tons. The prohibitive costs and environmental
consequences of synthetic fertilizer use, further
necessitate a need to investigate microalgee as a
“biofertilizer.” A potentia organic source of nitrogen,
microagae degrade in the soil of economic crops and
drasticdly reduce the problem of leaching exhibited
by other organic and some dow release fertilizers.

Algee are potentialy excellent biofertilizers in that
they have sufficient amounts of nitrogen and
potassum but are low in phosphate. Consequently, if
agae are employed as dternative fertilizers, they must
be supplemented with phosphate for use with most
crops. Nevertheless, the advantages of dgae as a

*Author for correspondence.
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biofertilizer are that they: (1) are free of weed seeds
and fungal spores which can harm terrestrial crops,
(2) are good sources of trace elements, and (3) can
regulate crop growth and ripening because of the
auxin, cytokinin, and gibberdlin associated with them.
The use of agae as a hiofertilizer may also inhibit
certain pathogens and some fungi from causing harm
to crops (Wadand, 1981). Some deeterious effects of
seaweed manures had been reported which include
excess manganese release in low pH soils, water-
logging of soilsfertilized with Pachymenia, inhibitory
effects on plant growth, and low availahility to plants
of some of the nitrogen in seaweeds (Boney, 1965).
The purpose of this research was to investigate
the feasbility of improving algae as biofertilizers by
increasing their intracellular nitrogen. In aquatic
environments, sainity is considered an important
ecologica variable, particularly in estuarine regions,
sdt water ponds, and in shore areas where planktonic
algae are often subjected to widdly fluctuating salt
concentrations (Guillard, 1962). The changes in the
sdinity of seawater usudly affect the growth,
metabolism, and survival of marine phytoplankton.
Guillard (1962) dso suggests that the osmoregulatory
mechanisms of algae living in marine environments
can tolerate a wide range of externa salinities. Thus
far, sdinity changes have been explored in only afew
microalgal species. Therefore, C. pyrenoidosa was
exposed to five concentrations of two salts, NaCl and
MgCl, respectively, to assess the physiologica and
biochemica changes that are involved in the
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adaptation of freshwater microalgae to changing
sdinities.

MATERIALS AND METHODS

Microalgae Culture—A stock culture of C.
pyrenoidosa was maintained in 500 ml Erlenmeyer
flasks containing 100 ml of a 1.5% semi-solid diatom
agar (FW1) medium. Alga cdl inoculum was
prepared from stock cultures by aseptically washing
cells from the semi-solid agar medium using 5 ml of
sterile FW1 medium and shaking flasks forcefully
(Hardy and O'Kdley, 1986). The cdl suspension was
decanted into a 25 ml sterile beaker and diluted by
adding 20 ml of fresh FW1. Transmittance readings of
FW1 medium and inoculum (9:1, v/v) indicated that
a2 ml volume contained approximately 280,000 agd
cells needed for optimal growth initiation.

Eighteen 250 ml Erlenmeyer flasks containing 50
ml sterile FW1 medium and isotopically labeled
NaH*CO, (10 uM) were aseptically inoculated with
2 ml of the algd suspension. Theinitia transmittance
of the medium was 100%. The growth medium,
initidly adjusted to pH 6.8, also contained NaCl or
MqgCl, concentrations of 1, 10, 100, 1000, and 10,000
ppm with each concentration prepared in replicates of
gx. Culture flasks were maintained for 21 days at 25
+ 1 °C in a Mak Il Environmenta Growth
Chamber. Light intengty was maintained at 2.90 Wnt
2 using Westinghouse cool-white fluorescent tubes. A
day and night regimewas set at 12:12 hour light/dark
cycle. At the end of each culture period in medium
allowing optimal growth, the final packed volume of
algal cellswas approximately 1.0 ml/L of culture.

Parameter Analyss and Algal Assess
ment—ATfter the 21 day growth period, the following
parameters were anayzed: percent sexuality, amount
of dissolved oxygen, total growth, pH and cellular
osmoregulation by nuclear magnetic resonance
(NMR) analysis (Genera Electric, GN 300 MHz).
Photosynthetic activity was determined by measuring
dissolved oxygen using a YSI model 51B oxygen
meter (YS! Inc., Yelow Springs, OH). An oxygen
probe was placed in each dga sample and stirred for
approximately 2 to 3 minutes. The O, solubility factor
was set at 25°C and dissolved oxygen content
measured in mg/L. The probe was rinsed in distilled
water and recalibrated after each measurement.
Medium pH was determined for each culture using an
Orion research digital lonalyzer/501.

Total growth assessments were obtained by using
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a Bausch and Lomb Spectronic-20D spectrophoto-
meter, 520 nm wavelength. The spectrophotometer
was calibrated to a transmittance reading of 100%
using a culture tube containing 10 ml of FW1
medium. Medium (10 ml) containing algae from each
experimental flask was placed in a culture tube and
spectrophotometrically analyzed.

A Bright-Line hemacytometer and a demoscope,
consisting of a light microscope connected to a 19"
RCA televison was used to determine the percent
sexudity of each aga Percent sexudity was
calculated by dividing the number of zygotes by the
number of zygotes and vegetative cellsina 1 ml
sample, counting at least 150 cells per sample.
Zygotes were distinguished from vegetative cellsin
that they contained “spines’ on their cell wall or the
appearance of two or more cellsin a parent cell wall.

After a 21 day growth period, aga cels were
collected by centrifugation using a Beckman
Centrifuge model J21-B. Algd pellets were obtained
after centrifugation at 20,000 rpm for 10 to 15
minutes. Pellets were resuspended in 3-5 ml FW1
medium and dispensed into 10 ml test tubes for NMR
analysis of °C.

Experimental Design—Experimental flasks were
arranged in a 1 (inoculation treatment) x 5 (NaCl or
MgCl, concentrations) factorial arrangement in a
completely randomized design (CRD) with 6
replications. Each identical 250 ml Erlenmeyer flask
containing 2 ml inoculum in 50 ml FW1 medium
congtituted a treatment replicate. Algal cells were
grown in batch culture for 21 days and manually
shaken twice aday for adequate dispersa of nutrients.

RESULTS

Cell growth of C. pyrenoidosa, measured as
transmittance, was an average of 3.35 times greater in
NaCl compared to MgCl, at al concentrations tested
(Table 1). The greatest growth inhibition was
observed in cultures containing 10,000 ppm MgCl,.
AsNaCl increased, zygospore production increased.
Zygospore production in aga cells grown in NaCl
was directly proportional to the amount of NaCl
present in each flask (Table 2). There was no
sgnificant difference in zygospore production of
Chlorella at any MgCl, concentration. An average of
1.69 times more oxygen was measured in C.
pyrenoidosa cultures when MgCl, was added to the
media compared to NaCl. Oxygen evolution was the
same in dl cultures of C. pyrenoidosa for Al
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concentrations of MgCl, tested (Table 3). Medium pH
in cultures grown in MgCl, rose 20% higher than
medium containing NaCl (Table 4).

NMR spectra of “C-labeled C. pyrenoidosa
indicated that dl concentrations of MgCl, produced
significantly higher amounts of organic solutes than
controls (Table 5). The highest accumulation of

Table 1. Effect of NaCl and MgCl, on total
growth of Chlorella pyrenoidosa after 21
days of growth.

Concentration Total Growth

Salt (ppm) (% Transmittance)

NaCl O 4.96 a
1 4.23Db
10 4.83 a
100 573c
1000 5.56 ¢
10000 5.63¢c

MgCl, 0 4.96 A
1 14.80 B
10 17.33B
100 14.80 B
1000 12.97 B
10000 26.90C

Means followed by the same lower case or
upper case letters are not sgnificantly
different at the 0.05% level (Duncan Multiple
Range Test). Transmittance at day 0 was
100%, which was equivaent to 280,000 alga
cels/ml.
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organic solutes was observed in cultures containing
100 ppm MgCl, There were no sgnificant differences
in the accumulation of organic solutes in adga cells
grown at 0, 1, and 1000 ppm NaCl. The highest
concentration of organic solutes was noted in C.
pyrenoidosa grown at 10 ppm NaCl.

Table 2. Effect of NaCl and MgCl, on
per cent sexuality of Chlorella pyrenoidosa
after 21 days of growth.

Concentration

Salt (ppm) % Sexuality

NaCl O 13.0a
1 153 a
10 29.0b
100 26.0b
1000 30.4b
10000 453c

MgCl, 0 13.0 A
1 33.7B
10 31.0B
100 43.2B
1000 436 B
10000 434 B

Means followed by the same lower case or
upper case letters are not sgnificantly
different at the 0.05% level (Duncan Multiple
Range Test). Percent sexuality was expressed
as the number of zygotes divided by the
number of zygotes plus the number of
vegetative cells multiplied by 100.
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Table 3. Effect of NaCl and MgCl, on the Table 4. Effect of NaCl and MgCl, on the

amount of dissolved oxygen in cultures of pH of Chlorella pyrenoidosa after 21 days
Chlorella pyrenoidosa after 21 days of of growth.
growth.

Concentration  Oxygen evolution Concentration Medium
Sat  (ppm) (mg/L) Sat  (ppm) (pH)
NaCl O 393a NaCl O 8.13a

1 3.76b 1 8.01b

10 3.80b 10 7.96 C

100 3.60c 100 794c

1000 3.63¢c 1000 7.95c

10000 3.60c 10000 7.87d
MgCl, O 3.93A MgCl, O 8.13A

1 6.20 B 1 8.27B

10 6.27 B 10 842C

100 6.17B 100 8.26B

1000 6.27 B 1000 843C

10000 6.30 B 10000 8.44C
Means followed by the same lower case or Means followed by the same lower case or
upper case letters are not sgnificantly upper case letters are not sgnificantly
different at the 0.05% level (Duncan Multiple different at the 0.05% level (Duncan Multiple
Range Test). Range Test).
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Table 5. NMR spectra peak
measurements of  Carbon-13
labeled organic solutesin Chlorella
pyrenoidosa after 21 days of

growth.
Concentration NMR peak
Sat  (ppm) (mm)
NaCl O 08 a
1 16a
10 52¢c
100 35b
1000 05a
10000 20b
MgCl, O 08 A
1 55B
10 69 C
100 75C
1000 65C
10000 51B

Means followed by the same lower
case or upper case letters are not
significantly different at the 0.05%
level (Duncan Multiple Range Test).

DISCUSSION

After 21 days of growth, C. pyrenoidosa grew
significantly better in high NaCl concentrations
when compared to MgCl, Magnesum chloride aso
had a deleterious effect on agal growth at al
concentrations with a six-fold decrease compared to
NaCl at 10,000 ppm. Magnesum chloride
demonstrated the greatest inhibitory effect on
growth when compared to NaCl. While there was
no difference in growth in 0 and 10 ppm NaCl, C.
pyrenoidosa grew better at 1 ppm than in controls.
In C. autotrophica, the inhibition of growth at high
sdinitieswas found to be associated with decline in
the cells' turgor pressure (Ahmad and Hellebust,
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1984). We observed that the decline in total growth
was due mainly to an increase in zygospores with a
corresponding decrease in vegetative cdls as sainity
increased. These findings agree with other
observations that sexua reproduction is often
induced by stressful conditions (Sze, 1993).

Herbst and Bradley (1989) observed that
growth and persistence of dgae in a sdine
environment required physologica tolerance and/or
resistance stages in the life cycle. Chlorella
demonstrated a greater physiologica tolerance to
NaCl than MgCl, as indicated by higher growth
measurements after 21 days. Increases in the num-
ber of zygospores with corresponding reductions of
vegetative cells indicated that both salts promoted
sexudity and persistence in C. pyrenoidosa. Fifteen
percent zygospore production in controls was
increased to over 40% in cultures grown in NaCl
and MgCl, This demonstrated a dramatic shift in
thelife cyde of C. pyrenoidosa. Previous studies by
Setter and Greenway (1983) showed evidence of
osmotic regulation control in C. emersonii using
two endogenous osmotic solute concentrations of
proline and sucrose which resulted in large changes
incel lifecycle.

We observed a decrease in oxygen evolution in
experimental flasks containing NaCl when
compared to controls. However, C. pyrenoidosa
produced 1.7 times more oxygen in medium
containing MgCl, than with NaCl. In studies with
Chlamydomonas eugametos and Chlamydomonas
moewusii, Lewin (1956) found that production and
maintenance of gametes in the light required the
presence of oxygen, and that gametic activity islost
more rapidly in the dark under anaerobic conditions
than in the presence of air. Their findings could
explan why we observed a two-fold increase in
sexuality in cultures containing MgCl, compared
with those grown in NaCl. Stifer (1959) aso
suggested that the presence of oxygen affected
mating inaga cultures. Medium pH of C. pyrenoi-
dosa increased from 6.80 to as high as 7.87 at
10,000 ppm NaCl. The pH of C. pyrenoidosa
cultures grown in MgCl,, rose from 6.80 to as high
as 8.44 at 10,000 ppm. Coleman (1962) suggested
that within the bounds of physiologica neutrality,
there were no striking effects of pH in the mating
reactions of aga gametes. Mating has been
reported in cultures ranging in pH from 4 to 8.5.
This corresponds to our findings of zygospore
production in cultures containing NaCl or MgCl..
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However, we observed that zygospore production
was higher in MgCl, cultures compared to algae
grown in NaCl. Biebi (1962) suggested that an
increased zygote yield correlated with a dight rise
in pH vaue of the medium, but the effect was rarely
as much as twofold. According to Gerloff et al.
(1952) both growth and survival of many algae
seemed to be endangered only at pH values
exceeding 10.

Microalgae naturaly accumulate a variety of
intracellular organic compounds. The halotolerant
algaDunaliella baradawii grown in NaCl medium
contained glycerol, proteins, lipids, carbohydrates,
carotene, and chlorophyll (Ben-Amotz and Avron,
1982). NMR spectra peak measurements of C.
pyrenoidosa indicated that it contained an increase
in BC-labeled organic solutes when grown in
medium containing high concentrations of NaCl or
MgCl, when compared to *C-labdled organic solute
production in controls. Ben-Amotz and Avron
(1982) suggested that an aga producing massve
amounts of useful organic compounds by
osmoregulation make it a natural organism for
cultivation. It thus provided valuable products and
a high protein-containing feed materia (Ben-Amotz
and Avron, 1983).

Based on the increases in organic compounds
we observed, C. pyrenoidosa is potentidly a very
useful alga when employed as a biofertilizer to
economic crops. However, further analyses must be
done to determine the composition of the organic
compounds that C. pyrenoidosa produced in high
sdinities. If high quantities of nitrogenous
compounds were accumulated, Chlorella will be an
excdlent aternative to conventional fertilizers. This
alga could be grown economically and when applied
to economic crops, potentia leachates from
synthetic fertilizers would be virtualy eiminated
and eutrophication of lakes and streams could be
drastically reduced.
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President’s Column

“Those who adapt survive,
Those who adapt well, thrive,
Those who do not adapt, perish’

Inthis, my find President’s Report, | am pleased
to tell you that the status of our Academy and the
strength of itsjourna are both excellent. The strength
and vison of the incoming leadership, including
particularly Dr. Susan Nodurft, our new President,
are such that plansfor the Year 2000 Annua Meeting
(back in Biloxi) are well underway. Indeed, if al goes
as planned, that meeting will boast a number of
sgnificant new features and could prove to be one of
our most diverse and interesting yet. | hope that al
members will make plans to submit abstracts, bring
students, and encourage colleagues to join us at that
meeting.

My inaugura message (summarized above)
stressed the relevance of socia Darwinism to the life
history of non-profit organizations such as ours. The
activities of the Academy during this year, and its
current state of vigor, provide evidence that we have
indeed “adapted well.” As one example, the gamble
of a new meeting site in Tupelo was well rewarded.
Not only do we now have another tested home for the
annua meeting, but in doing so, we have aso reached
out to our members who live and work in North
Mississippi. This provides abdance that the Academy
has long sought in the geographical location for the
annua meeting.

| encourage the members of the Academy to
actively embrace the spirit of innovation that will be
necessary to continue the process of adaptation.
Symposia planned for the Y ear 2000 Annua Meeting
spring from newly developed interactions with
personnd from the Mississippi Institutions for Higher
Learning and NASA, as well as with research faculty
in the nursing profession. Productive change is aso
evident in the dimination of an under-served
Microbiology Divison and incorporation of Divisons
of Sociology and (at least tentatively) History and
Philosophy of Science. As| have said previously, we
need to maintain our expansion and make efforts to
serve the needs of the next “new” group of scientists
and educators, i.e., the Information Technologists.
This group is comprised of individuals who take
decidedly non-traditional approaches to issues of
science and technology, at least from the perspective
of the tenured and tenure-track academic faculty, who
comprise the mgority of our current members. To
attract this young, vita and dramaticaly growing
group will require yet greater change in the goals and
approaches adopted by the Mississippi Academy of
Sciences. The extent to which we can reach out to
groups such as this will determine our rate of growth
and, ultimately, our success or falure.

Education Members

Organizations that assist the Mississippi Academy of Sciencesin its efforts to promote science in Mississippi

Alcorn State University

Belhaven College

Delta State University
Mississippi-Alabama Sea Grant Consortium
Mississippi Delta Community College
Mississippi Gulf Coast Community College
Mississippi State University
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MSU Agricultural & Forestry Expt. Station
Mississippi University for Women

Pear| River Community College

University of Mississippi

University of Mississippi Medical Center
University of Southern Mississippi
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Executive Officer’s Column

When we firgt consdered going to Tupelo, it was
with great trepidation. In recent memory we had
never had an Annua Meeting in the northern part of
the state. (Tupelo is not exactly centraly located.)
The convention people there told us that they
routinely hosted successful conventions, but we
assumed that was just hypel They were correct.
Tupelo gave us a great meeting! We attracted a
record number of abstracts and had some excellent
quality science. We successfully attracted large
numbers of attendees from Ole Miss, aschool that has
contributed few members recently. We had a large
and interesting equipment exhibit. This positive
experience has led us to include Tupelo in our cycle
of meeting sites.

Summer seemslike aquiet time for the MAS. We
are not yet actively engaged in preparing for our next
Annual Meeting. But summer is aso the time when
we welcome our new President-Elect and a new
Director. New Divison Heads are also getting
acclimated to their jobs. Our summer Board meeting
is actualy a key time to begin setting an agenda for

the Meeting a year and a hdf into the future. Our
Y 2K meseting isdready planned and now needs to be
set into motion. Our Y 2K+1 meeting needs to start
getting our attention.

The Academy is currently in excellent shape.
Membership has been steady over the last few years,
financidly, we have a dight positive baance; the
Journal is thriving with Ken Curry as Editor. The
Junior Academy is moving towards more participation
in their national meeting. However, we cannot be
complacent. Member participation in Academy
activities is aways critical. Be a volunteer. If you
want to become more involved in any aspect of the
MAS, contact me or one of the other Board members.
We always need fresh ideas and help from our
members. If you have suggestions for our WEB site,
please pass them along. My expertise as a WEB
master is exceedingly limited, but | have a teenaged
son whose WEB dabblings far exceed my concerted
efforts. He's aways willing to tell me what to
do.—John Boyle

Mississippi Junior Academy of Sciences

MJAS islooking forward to an exciting year. The
annual board meeting will be held at the Museum of
Naturd History in Jackson on Saturday, September
18. Dr. Margot Hall will be working with MAS and
MJAS as the Corporate Coordinator. She will be
mailing out aletter requesting corporate donations to
the Academy. Many MAS and MJAS members are
not aware of the background and the financia needs
of our organization. Below is an excerpt from her
letter to potential sponsors.

“The Mississippi Academy of Sciences (MAYS) is
an organization composed of  scientists,
mathematicians, engineers, technologists, and science
educators, from research ingtitutes, business, industry,
government, military installations, medica centers,
reference labs, schools, colleges, and universities in
the state. The mission of the Academy isto support
the scientific needs of the state through enhanced
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scientific education, basic and applied research, and
professona service. To accomplish this the Academy
currently:

a) sponsors the Mississippi Junior Academy of
Sciences (MJAS) for pre-college students

b) sponsors scientists to work with individua
students at the undergraduate and graduate
university leve

C) publishes the Journal of the Mississippi
Academy of Sciences which isdistributed to over
1000 scientists and educators

d) hosts an annua meeting for approximately
1000 participating scientists, educators, and
students, providing them with an opportunity to
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present their research

e) hosts the annua Junior Academy (MJAS)
research paper competition

Our organization exists to encourage the pursuit
of basic and applied science and science education at
dl levels in the state of Missssppi. Dedicated
professionals donate their time and energy without
charge to the Academy. However, there are areas
under our purview which cost money. For example,
each year Mississippi students (grades 9-12) are
encouraged to conduct scientific research projects
guided by their teachers and volunteer local scientists.
The students present their papers at a statewide
competition (MJAS) held each January. Outstanding
papers from each of five scientific subdivisons are
selected and the authors receive awards. Additionally
a class winner is selected from the ninth and tenth
grade competitors. The students with the two best
papers receive the Best Research Paper and the Clyde
Shedly Awards. All of the winners receive plagues.
The students with the two best papers receive an al-
expense-pad trip to the MAS annua meeting and the
National Junior Academy of Sciences meeting
($1000/student), and their papers are published in the
Journal of the Missssppi Academy of Sciences
($250/paper).

In addition to the Junior Academy expenses, there
are severa other costly areas for the Mississippi
Academy of Sciences. We encourage undergraduate
and graduate students to join the MAS and we
subgdize their memberships. Students receive benefits
of membership (excluding the journal) and pay only
20% of the normal membership dues. Likewise, their
participation in the annual meetings is at a reduced
rate (40%). Since one of the purposes of the MAS
annual meetings is to create a forum in which
Missssippi students can present and publish their
research findings (abstracts), we wish to be as
inclusive (and inexpensive) as possible. Also, we wish
to continue the tradition of offering certificates and
small monetary awards to the students with the
winning abstracts in many of the 13 divisions of the
MAS. Unfortunately, this has put strain on the
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budget. In addition to the usual costs for publishing a
journal and offering an annual meeting, we invite a
nationally renowned speaker to give the Dodgen
Lecture at the annua meeting. We are currently
limited in the support we can offer the presenter.

We are inviting you to join us in our effort to
motivate, recognize and enhance the scientific
interests of our young investigators. Donations may
be made to the genera fund or in arestricted category
(please see the enclosed circular), and checks should
be made payable to the Missssippi Academy of
Sciences and mailed to me at the address given below.
There are currently three categories:

Corporate Patron $1000
Corporate Director $ 500
Corporate Sponsor  $ 250

In recognition of your support of the Missssippi
Academy of Sciences (MAS) and/or the Mississippi
Junior Academy of Sciences (MJAS), you/your
corporation will be listed as one of the sponsors at the
Nationd Junior Academy Competition, in the Journal
of the Mississippi Academy of Sciences, and in the
MAS annuad mesting program. Additionally, you will
receive a certificate of recognition, and you will be
invited to attend the annual meeting with its socid
activities, such as the Exhibitors Wine and Cheese
Party. We sincerdly hope that you will find the
Academy deserving of your philanthropy, and will join
usin providing our potential young scientists with the
key experience which may help decide their future
careers and contributions to the state. Please find
enclosed some information about the Academy and
the Junior Academy and if you have any questions,
please don't hesitate to contact me at: (601) 266-
4942 (office) or 266-4908 (secretary) or e-mail
Margot.Hall @usm.edu.”

If you are interested in becoming a MAS-MJAS
sponsor or know of someone that is, please contact
Dr. Hal. Information contain in this column is
gracioudy excerpted from materials compiled by Drs
John Boyle, Rosdina Hairston, and Margot
Hall.—Joan Messer
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Science Education Divisional Report

The Science Education Divison of the Mississippi
Academy of Sciences had 18 platform and five poster
presentations this year at the Tupelo Meeting. These
numbers reflect a decrease in the average numbers of
presentations over the last several years. However,
there was a diversity of topics ranging from distance
learning, to self-directed learning centers for
elementary students, to the production of seafood
inspection safety program training videos, to
preparing preservice teachers through the use of field
trips, to identifying native plantsin Walter Anderson’s
murals, to physics curricular enhancements, to
biomedica research internships, to smulated habitats
for a high school botanical garden, to the use of
webpage and multimedia in science laboratory
management, to connecting teaching practices to
facilitate attitudinal changesin field courses, to learn
to work case studies, to providing pedagogical
knowledge to graduate students within a teaching
assistant orientation session, and to wetlands
environmental awareness programs. Platform
presentations involved 357 attendees or an average of
20 per session (the smallest attendance in a session
was 14 and the greatest attendance was represented
by 44). General comments by attendees concerning
the range of interdisciplinary sciences, both formal
and informd at the graduate and undergraduate levels

were extremely positive.

During the Divisonal Meeting, the Y2K Chair-
Elect was selected, Mr. Willie Heard, J.L. Scott
Marine Education Center and Aquarium. Dr. John
Ammons, Missssppi Delta Community College isthe
Y 2K Chair for the Science Education Division. The
Y2001 Chair-Elect was adso selected, Dr. Joyce
Mullins, Pearl River Community College. Two action
items resulted from this Division Meeting relative to
awards, specificdly, that the MAS review providing
graduate and undergraduate awards in each Division
usng a consistent format for the submisson of
competitive gpplications. The second issue related to
the type award which should be presented by each
Divison. These action items were given to the MAS
President-Elect, Dr. Susan Nodurft, Pearl River
Community College to present at the MAS Summer
Board Meeting; Dr. Ammons, Y2K Science
Education Chair, will aso ensure these action items
are discussed at the MAS Summer Board Meeting.

It has been a pleasure to work with the MAS as
the Chair-Elect and Chair of the Science Education
Division, Sharon H. Walker, JL. Scott Marine
Education Center and Aquarium, Institute of Marine
Sciences, The Universty of Southern Misss
sippi.—Sharon Walker

Visit the website of the Mississippi Academy of Sciences
http://www.msstate.edu/Org/MAS/ MASHTML
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First call for abstractsfor the
2000 Annual Meeting of the
Mississippl Academy of Sciences

The Mississippi Academy of Sciences
will hold its 2000 annual meeting
Thursday and Friday, February 24 and 25
at the Broadwater Resort East in
Biloxi, Mississippi

Abstracts are due no later than 1 November 1999. A form for
abstract submission isincluded in thisissue. Y ou may submit
the abstract electronically through the Academy website:
http://www.msstate.edu/Org/MASMAS.HTML
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MISSISSIPPI ACADEMY OF SCIENCESABSTRACT FORM/MEMBERSHIP FORM

ABSTRACT INFORMATION
Abstract title

Name of presenting author(s)

Telephone Email

Name of Academy member

(One author must be a current member of the MAS; 2000 membership dues must be paid.)

Check the division in which you are presenting

— Agriculture and Plant Science History and Philosophy of Science —— Science Education
— Cellular, Molecular and Dev. Biology Math., Computer Sci. and Statistics —— Socid Sciences
Chemistry and Chemical Engineering Marine and Atmospheric Sciences —— Zoology and Entomology

Physics and Engineering
Psychology and Behav. Neuroscience

: Geology and Geography
— Hedlth Sciences

Type of presentation

— Poster presentation _—_ Workshop

— Lecture presentation — Invited symposium

If the presenting author for this paper is also presenting in another division, please list the other division:
Audio-visual equipment needs

— 2" x 2" dide projector

— Overhead projector

Other audio-visual equipment including computers and computer projection egquipment must be provided by the speaker.

MEMBERSHIP INFORMATION
New _ Renewa

Mr. MsDr.
Address
City, State, Zip

School or Firm

Telephone Email address.

PLEASE INDICATE DIVISION WITH WHICH YOU WISH TO BE AFFILIATED
Regular member $25 Student member $5 Life member $ 250
Educational $150 Corporate Patron $1000 Corporate Donor $500

CHECKLIST

The following MUST be DONE:

— 1. Enclose copy of abstract (even if abstract has been submitted electronically)

— 2. Complete and enclose abstract form /membership form(this form)

— 3. Enclose the following payments (make check payable to Mississippi Academy of Sciences):

— $25 per abstract
— $25 regular membership fee OR $5 student membership fee (2000 membership must be paid for abstract to be accepted)
— 4. Youmust supply a check # or P.O. # (credit cards are not accepted)

In addition you MAY preregister at thistime:

— Enclose the following payments:
— $12 regular member (Preregistration before Feb. 1, 2000)
— $5 student member (Preregistration before Feb. 1, 2000)

NOTE: Late abstracts will be accepted with a $10 late fee and only if there is room in the appropriate division. They will be
published in the April issue of the MAS JOURNAL.
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MISSISSIPPI ACADEMY OF SCIENCES—ABSTRACT INSTRUCTIONS
PLEASE READ ALL INSTRUCTIONS BEFORE YOU SUBMIT YOUR ABSTRACT

Y our paper may be presented orally or asaposter. Oral presentations are generaly 15 minutes. The speaker should
limit the presentation to 10-12 minutes to allow time for discussion. Instructions for poster presentations are given
on the reverse side of this sheet.

Enclose a personal check, money order, ingtitutional check, or purchase order for $25 publication charge for each
abstract to be published, payable to the Mississippi Academy of Sciences. The publication charge will be refunded
if the abstract is not accepted.

At least one author must be a member of the Academy at the time the paper/poster is presented. Payment for
membership of one author must accompany the abstract.

Attendance and participation at al sessions requires payment of registration. Complete pre-registration information
will be sent in January.

Note that two separate fees are associated with submitting a paper for presentation at the annual meeting of the
Mississippi Academy of Sciences. An abstract fee is assessed to defray the cost of publishing abstracts and a
membership fee is assessed to defray the costs of running the Academy. Preregistration payment ($12 regular; $5
student) may accompany the abstract, or you may elect to pay this feein January or pay full registration costs at the
meeting.

Abstracts may be submitted typed or printed on clean white paper. Abstracts received in this form will be scanned
into a computer. Leave ample margins and use a sanserif type font to help minimize errors in scanning.

Abstracts may be submitted as a WordPerfect (Windows or DOS), ASCII, ANSI, or .RTF file on a PC readable
diskette. Formatting should be minimal. This abstract submission form and the appropriate fees should be sent by
US mail even if adisketteis used for the abstract.

Abstracts may be submitted by e-mail or entered directly through the MAS website. The URL is http://www.
msstate.edw/Org/MAS MAS.HTML. This abstract submission form and the appropriate fees should be sent by US
mail even if the abstract has been submitted electronically.

Submit your abstract and appropriate fees to the Abstracts' Editor, John Boyle, TO BE RECEIVED NO LATER
THAN NOVEMBER 1, 1999.

Dr. John Boyle

Mississippi State University
Dept. of Biochemistry

P.O. Drawer 9650
Mississippi State, MS 39762

FORMAT FOR ABSTRACT

» Your abstract should be informative, containing: (@) a sentence statement of the study’s specific objectives,
unlessthisisgiveninthetitle; (b) brief statement of methods, if pertinent; (c) summary of the results obtained;
(d) statement of the conclusions. It is not satisfactory to state, “ The results will be discussed.”

» Your abstract, including a concise, descriptive title, author(s), location where work was done, text and
acknowledgment, may not exceed 250 words.

» Thetitle should be all capital letters. Use significant words descriptive of subject content.

» Authors namesstart a new line.

» The indtitution where your research was done should include city, state, and zip code. Do not include
institutional subdivisions such as department.

» The abstract should be one paragraph, single spaced, starting with a 3-space indentation.

» Use standard abbreviations for common units of measure. Other words to be abbreviated, such as chemical
names, should be spelled out in full for the first use, followed by the abbreviation in parenthesis. Do not
abbreviate in the abstract title.
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Useitalicsfor scientific names of organisms.

vV vV VvV Vv VY

Refer to these examples as guides.
EXAMPLES OF TITLES AND AUTHORS:

[single author, no ambiguity about designated speaker or

affiliation]
AN EXPERIMENTAL MODEL FOR
CHEMOTHERAPY ON DORMANT

TUBERCULOUS INFECTION WITH PARTICULAR
REFERENCE TO RIFAMPICIN
Joe E. Jones, Mississippi State University, Mississippi
State, MS 39762

Abstract body starts here. . .

[two authors, one designated speaker, different

affiliations, but no ambiguity]
AN EXPERIMENTAL MODEL FOR
CHEMOTHERAPY ON DORMANT

TUBERCULOUS INFECTION WITH PARTICULAR

REFERENCE TO RIFAMPICIN

Joe E. Jones and Ralph A. Smith*, Mississippi State

Universty, Missssppi State, MS 39762 and University

of Mississippi Medical Center, Jackson, MS 39216
Abstract body starts here. . .

Specia symbols not on your printer or typewriter must be in black ink.

Begin authors names on a new line. Place an asterisk (*) after the presenter(s), if there are multiple authors.
Use superscripts for ingtitutional affiliations where necessary to avoid ambiguity.

[two authors, both designated as speakers, different

affiliations, but no ambiguity]

AN EXPERIMENTAL MODEL FOR

CHEMOTHERAPY ON DORMANT

TUBERCULOUS INFECTION WITH PARTICULAR

REFERENCE TO RIFAMPICIN

Joe E. Jones* and Ralph A. Smith*, Mississippi State

Universty, Missssppi State, MS 39762 and University

of Mississippi Medical Center, Jackson, MS 39216
Abstract body starts here. . .

[three authors, one designated speaker, different

affiliations]
AN EXPERIMENTAL MODEL FOR
CHEMOTHERAPY ON DORMANT

TUBERCULOUS INFECTION WITH PARTICULAR
REFERENCE TO RIFAMPICIN
Joe E. Jones', Ralph A. Smith™*, and Alice D. Doe?
Mississippi State University, Mississippi State, MS
39762 and *University of Mississippi Medical Center,
Jackson, MS 39216

Abstract body starts here. . .

GUIDELINES FOR POSTER PRESENTATIONS

» The Academy provides poster backboards. Each backboard is 34" high by 5" wide. Mount the poster on the
board assigned to you by your Divison Chairperson. Please do not draw, write, or use adhesive material on the

boards. You must provide your own thumb tacks.

» Lettering for your poster title should be at least 1" high and follow the format for your abstract. Lettering for

your poster text should be at least 3/8" high.

» Posters should be on display during the entire day during which their divisonal poster session is scheduled.

They must be removed at the end of that day.

» Authors must be present with their poster to discuss their work at the time indicated in the program.
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