




ABSTRACT

The dinoflagellate, Pfiesteria piscicida, is implicated as a cause of fish kills in North Carolina estuaries

and elsewhere. Accidental exposure of humans to Pfiesteria has been reported to result in a complex

syndrome including cognitive deficits, This series of studies was conducted to experimentally assess

possible cognitive effects of Pfiesteria exposure in rats. Samples of water from aquaria in which

Pfiesteria were killing fish were frozen. Then, thawed samples were injected into female Sprague-

Dawley rats, Significant learning irnpairments were documented in rats administered recently frozen

samples of Pfiesteria, No effect was seen in the recall of a previously learned task, but when the rats

were called upon to learn a new task, the Pfiesteria-treated animals showed a significant learning deficit,

This effect persisted up to at least 10 weeks after one injection. The Pfiesteria-induced learning deficit

was not associated with generalized debilitation or health impairinent. Deficits in habituation of arousal

and rearing behavior were seen using a functional observational battery  FOB!. No Pfiesteria-induced

effects on blood count or in a standard pathological screening of the brain, liver, lungs, kidneys and

spleen were seen. These studies document a persistent learning impairment in rats after exposure to

Pfiesteria. This effect may be analogous to the cognitive deficits humans have shown after Pfiesteria

exposure.



INTRODUCTION

Pfiesteria piscicida,  Steidinger and Burkholder!, is a toxic dinoflagellate which inhabits estuarine
waters of the eastern United States. It was first discovered swarming in a major fish kill in May 1991

�!. Pfiesteria piscicida has a complex life cycle with at least 24 distinct life stages �!. The small
flagellated vegetative form is associated with the most lethal effects �!. Pfiesteria has been implicated
as a major cause of recent massive fish kills in North Carolina estuaries �!, Exposed fish appear to be
narcotized and show poor fright response�!. The chemical identity of the toxin s! in Pfiesteria piscicida
has not been determined. Preliminary in vitro studies have shown neurons to be more sensitive than
endothelial cells to toxic damage as measured by lactate dehydrogenase leakage and lowered ATP levels
�!. Adverse health effects have been reported after accidental laboratory exposure  8! including

cognitive disturbance, fatigue, mood lability and dermal lesions. These experimental studies was to
determine whether Pfiesteria would cause cognitive deficits in a rodent model.

The radial-arm maze, chosen to assess spatial learning and memory after Pfiesteria exposure, is sensitive
to the adverse effects of a variety of neural lesions, drug treatments and toxicant exposures 9-13!. The
Functional Observational Battery  FOB! was used as a broad screen used to identify potential
neurobehavioral effects �4-16!. Tissues taken from exposed rats were evaluated for associated

pathology. The goal of these studies was to document in an animal model the effects of Pfiesteria
exposure on cognitive processes and overall health, The goal of these experimental neurobehavioral
studies with Pftesteria would help lay the groundwork for future studies to identify the critical toxin or

toxins produced by Pfiesteria..

METHODS

Sutugeets: Adult female Sprague-Dawley rats were housed in groups of 2-4. In Study I, the rats had ad
lib access to food. In the other studies they were fed daily after testing to keep their weights at 80-85%

of free-feeding levels,

Radi 1- Maze Trainin: Testing was conducted on a radial 8-arm maze with a central arena 50 cm in
diameter and eight 10 x 60 cm arms extending radially. The maze was 30 cm above the floor in a testing
room which contained many extra-maze visual cues. Before each session, all the arms of the maze were
baited with a piece of sugared cereal, The accuracy measure was the number of entries before an error
 entries to repeat!. The latency measure was the session duration divided by the number of arms entered
 seconds per entry!. For repeated acquisition testing, three of the arms of the 8-arm radial maze were
baited before each trial. Five trials were run each session. The same arms were baited for all of the trials



of a session, but the arms baited were changed between sessions. Total errors to select the three baited

arms were counted for each trial.

The Functional Observational Batter F B: The FOB is a series of observations and tests used to

evaluate the sensorimotor integrity of the rat. Abnormal motor movements, activity level, lacrimation,

salivation, piloerection and handling reactivity were. The rat was placed on the top of a table and

allowed to freely explore for three minutes. Gait abnormalities, arousal, activity level, rearing, abnormal

motor movements and excretion level  urination, defecation! were noted. The rat's reactions to the sound

of a metal clicker, a pinch near the end of the tail, approach of a pen, and touch on the rump were rated,

and the aerial righting reflex and pupillary response to light were tested. Finally grip strength, landing

foot splay, rectal temperature and weight were measured.

~pathoto: Automated complete blood counts white cell differential counts were made of samples from

control and exposed rats, The brain, liver, lungs, kidney and spleen were excised and placed in 10%

formalin. Tissue cellularity was visualized with Hematoxylin and Eosin  H&E!. In brain, astrocytes

were identified by immunohistochemistry using polyclonal anti-GFAP antibodies.
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laboratory of Dr, Burkholder in which Pfiesteria piscicida cultures were actively killing fish. The

aquarium water was injected with no additives into sealed glass test tubes. These tubes were frozen at-

80' for at least one hour. In all the studies the tubes holding the samples were warmed at room

temperature until no ice crystals remained before injection,

Stud 1 Pilot Stud was an initial pilot evaluation of the acute and persisting behavioral effects of

Pfiesteria exposure. Six rats were administered subcutaneously  S.C.! Pfiesteria samples which had

contained a range of 35,600 to 961,200 Pfiesteria cells per kg of rat body weight. The Pfiesteria samples

for were kept frozen  -4' C! between 23-43 days as the rats were administered Pfiesteria on a staggered

schedule. Beginning two days after exposure, the rats were tested in the win-shift radial-arm maze task

for 18 sessions over six weeks.

Stu 2 R a t was a more focused evaluation of the Pfiesteria samples which had contained

106,800 cells/kg using the sample employed in Study 1, This sample of Pfiesteria had been stored
sealed and frozen at -4'C for 7 weeks before use in this study. Ten rats were injected with Pfiesteria

and ten were injected with saline  S.C.!. Win-shift radial-arm maze training began two days after
administration.



tud 3 Fresh am le Stud evaluated the effects of a fresh sample of Pfiesteria collected. The

sample was only frozen at -4'C overnight and thawed only once, just before injection. Ten rats were
injected with Pfiesteria samples which had contained 106,800 cells of Pfiesteria./kg of rat body weight
compared to ten controls injected with control aquarium water collected by the same method except that
the tanks did not contain Pfiesteria. The rats began training in the win-shift radial-arm maze task two
days after Pfiesteria exposure. After behavioral testing the rats were sacrificed and the brain, lungs,
liver, kidneys and spleen were collected for pathological assessinent.

Stud 4 Pretr inin Stud determined if the deficits seen in radial-arm maze performance in the

previous studies were due to impairments in learning or memory. Rats were pretrained for 18 sessions
on a radial-arm maze win-shift task before Pfiesteria adtninistration. Then they were administered
Pfiesteria samples which had contained 0, 35,600 or 106,800 cells/kg. As in Study 3, a fresh sample of
Pfiesteria collected which had been frozen at -4'C only overnight was used and the control dose was
aquarium water without Pfiesteria. Two days after exposure, testing on the radial-arm maze win-shift
task resumed. The rats were tested for the following 6 weeks for 18 sessions. The rats were then tested
for six sessions over four weeks using a repeated acquisition task in the same 8-arm radial maze. The
rats in Study 4 were assessed at timepoints of one hour, one week, four weeks and nine weeks post-
exposure using a standardized Functional Observational Battery  FOB!.

RESULTS
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 p<0.005! than controls averaged over 18 sessions of testing. The controls averaged 5.5+0.2 entries to
repeat, while the Pfiesteria-treated rats averaged 4.8+0.1 entries to repeat. Latency was not significantly
affected by Pfiesteria exposure.

Stud 2 Re eat Stud: In this study ten rats were injected with the Pfiesteria solution used in Study l.
There was no significant effect of Pfiesteria exposure in this study using a Pfiesteria solution that had
been stored for seven weeks. Over 18 sessions of training the controls averaged 6.1+0.3 entries to
repeat while the Pfiesteria-exposed rats averaged a slightly lower 5.7+0.3 entries to repeat,

S d 3 Fresh lution Stud: A fresh solution of Pfiesteria was used in Study 3. There was a
significant effect of Pfiesteria exposure impairing choice accuracy in the radial-arm maze  Fig. 1!. The
main effect of Pfiesteria exposure was significant  p<0.025!, with the controls averaging 6,2+0.2 entries
to repeat and the Pfiesteria-exposed rats averaging 5.4+0.2 entries to repeat over the 24 sessions of
testing. There was a significant session block x Pfiesteria interaction  p�.025!. Analyses of the simple



main effects of Pfiesteria at each session block showed significant Pfiesterin induced deficits during
session blocks 10-12  p�.05!, 13-15  p<0.005! and 16-18  p<0.005!. The Pfiesteria-treated rats
showed some improvement during the extended phase of training. No significant effects of Pfiesteria
exposure were seen in terms of response latency. When analyzed together Studies 1, 2 and 3 showed a
significant Pfiesteria-induced deficit in radial-arm maze choice accuracy during the first 18 sessions of
training  p�.005! with 26 Pfiesteria-treated rats and 26 controls.

No significant effects of Pfiesteria exposure were seen in the complete blood count assessment and
white blood cell differential counts  Table 1!, Gross and microscopic examination of H & E stained
sections revealed no clearly observable lesions or signs of pathology. GFAP  glial fibrillary acidic
protein! immunoreactivity was not increased in the brains of Pfiesteria-exposed animals,

tud 4 Pretrainin Stud: To differentiate the effects of Pfiesteria on learning and memory, rats were

pretrained on the radial-arm maze win-shift procedure used in the previous studies for 18 sessions prior
to Pfiesteria administration. Beginning two days after dosing, the rats were tested for maintenance of
working memory choice accuracy for an additional 18 sessions. Pfiesteria exposure did not significantly
impair neurobehavioral function required for maintaining accurate perforinance of the radial-arm maze
task after the rats were pretrained. There was a significant  p�.05!Pfiesteria effect reducing response
latency in the higher dose Pfiesteria group  Controls=25.9+3.3, lower dose Pfiesteria=24.2+2.9 and
higher dose Pfiesteria=16.4+1.3 seconds per entry.

To assess the effects on learning, the rats were switched to the repeated acquisition procedure in the
radial-arm maze. As shown in figure 2 there was a significant deficit in learning by rats given the higher
Pfiesteria  p�.05!, This learning deficit was seen approximately 10 weeks after Pfiesterirt exposure,
There were significant Pfiesteria effects on response latency in both Session Block 1-3  p<0.025! and
Session Block 4-6  p<0,01!. Dunnett's comparisons showed significant differences between controls
and the high dose group during both session block 1-3  p<0.05! and session block 4-6  p�,01!, and a
significant difference between controls and the low dose group only during session block 4-6  p<0.05!
 Table 2!,

The functional observational battery was also sensitive to the effects of Pfiesteria exposure. The one
week and four week FOB timepoints corresponded to the periods of win-shift radial-arm maze retesting.
The nine week FOB time point corresponded to the period of repeated acquisition radial-arm maze
testing. Across repeated testing sessions there was a significant habituation seen in the controls
 p�.005! with regard to the arousal and rearing measures  Fig. 3!. Aninials receiving the high dose of
Pfiesteria showed significantly less habituation than the control group. The linear trends analysis



across test sessions showed a significant Pfiesreria-induced difference in arousal and rearing  p<0.05!.
Post-hoc Dunnett's tests showed significant differences between controls and the high dose but not the
low dose group for both arousal and rearing  p�,05!. There were no observed differences with the
other measures of sensorimotor function, no abnormal motor movements, and no changes in

physiological parameters  e,g., body temperature!. Increased body tone approached statistical
significance, with an overall main effect of dose of p�.06. Collapsed across time, the analyses showed
a trend  p<0.10! towards increased tone in both treatment groups. At all time points except the last,
there were 2-4 more rats in either group showing an apparent increased tone. Defecation also showed a

significant dose effect  p�,05!, due to slightly lower defecation in the high-dose group which was most
apparent at the 9-week test.

CONCLUSIONS

a Pfiesteria impaired learning as assessed by both the win-shift and repeated acquisition tasks on the

radial-arm maze.

o A significant learning deficit was seen 10 weeks after acute Pfiesteria exposure.

a No deficit was seen in radial-arm maze performance when the rats were pretrained prior to

exposure, demonstrating that Pfiesteria-treated rats were able to perform the task when no new

learning was required.

The learning deficit was attenuated when the Pfiesteria samples were kept frozen for two months

prior to administration,

a No overt health impairnients or gross behavioral dysfunction was seen during the period

immediately after injection or for the rest of the course of the study which extended for up to 10
weeks after Pfiesteria exposure.

a The Functional Observational Battery  FOB! testing showed little overt behavioral change in the

Pfiesteria-treated rats except for impairments of habituation which is a simple form of learning.
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Table I

Blood Analysis for Study 3  mea~+em!

Contr l

White Blood Cells

Red Blood Cells

Hemoglobin

Hematocrit

Mean Corpuscular Volume

Mean Corpuscular Hemoglobin

Platelets

Differential White l d Cell Coun

Segmented Neutrophils

Banded Neutrophils

Lymphocytes

Monocytes

Eosinophils

2.45+0.35 x 10'/mm'

6.65+0,14 x 10'/mm'

13.5+0.3 g/dL

36.5+0.9 %

54.9+0.4 p.'
20.2+0.2 %

815+28 x 10'/mm'

1 1.9+1.4 %

0.5+1,4 %

86.3+1.5 %

0.9+0.3 %

0.4+0.4 %

P iesteria 106 8 0 cells/k

2.64+0.17 x 10'/mm'

6.67+0,18 x 10'/mm'

13.3+0.3 g/dL

36,1+1.0 %

54.2+0,3 p'
20.0+0.2 %

878+38 x 10'/mm'

11.3+2.3 %

0.0+0.0 %

85.7+3.4 %

2.2+L2 %

0.8+.04 %



Table 2

Response Latency for Repeated Acquisition in Study 4  mea~+em!

ession Bl kPfiesteri a
Dose cells/k 4-61-3

35,600

106 800

p<0.05 vs. control

~* p�.01 vs. control

53,2+9.6 sec./entry

33.0+7.2 sec./entry

23.4+4.0 sec,/ent

53.4+11, 1 sec./entry

25,2+5.3 sec./entry ~

19.1+3,4 sec./ent



Figure 1

Pfiesteria Study 3
Effects on Radial-Arm Maze Acquisition

8.0

7.5

7.0

6.5

6.0

Bt 5.5
5.0

4.5

4.0

3.5

3.0 1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24
Session

Control
p�,05

*~ p<0.005
~ -- a--- PPesteria

106,800 cells/kg

Study 3, Acquisition training in the win-shift radial-arm maze task  mean+sem!, Pfiesteria main effect

p<0.05



Figure 2

Pfiesteri,a Study 4
Radial-Arm Maze Repeated Acquisitiou
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Figure 3
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PFIESTERIA PISCICIDA EFFECTS ON COGNITIVE
PERFORMANCE IN RATS. E D Levin', D E Schmechel",
H B Glasgow, Jr.' J M Burkholder' and N M. Deamer-
Melia', Depts of Psychiatry' and Medicine', Duke University
Medical Center, Durham, NC,, Durham VA Medical Center'
and Dept of Botany', North Carolina State University,
Raleigh, NC

The dinoflagellate Pfiesteria piscicida is suspected as a cause
of fish kills in North Carolina estuaries. Accidental exposure
of humans to Pfiesteria was found to result in a complex
syndrome including cognitive itnpairrnent. The current
project was conducted to assess the persisting cognitive
effects of Pfiesteria exposure in rats. Adult female Sprague-
Dawley rats  N=26! were injected  SC! with doses of ranging
from 35,600 to 961,200 Pfiesteria cells per kg of rat body
weight. Observations for six hours after acute injection
documented no overt behavioral disturbances. Starting two
days after injection, the rats began testing on the radial-arm
maze, a test of spatial memory. They underwent 18 sessions
of testing over the next six weeks. Compared to controls
 N=26!, the rats exposed to Pfiesteria had significantly lower
choice accuracy scores  F�,46!=9.49, p<0.005! in terms of
the number of correct entries made before an error occurred.
The controls averaged 5.9320.16  mean+sem! entries to
repeat while the Pfiesteria-exposed rats averaged 5.27+0.16
entries to repeat. These studies documented a persistent
cognitive impairment in rats after exposure to the
dinoflageliate Pfiesteria. This may be related to the cognitive
impairments humans have shown after Pfiesteria exposure.
Further research will be directed at determining the
behavioral nature and neural mechanisms of this effect.
 Supported by the National Science Foundation and North
Carolina Sea Grant College.!
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COGNITIVE EFFECTS SEEN IN RATS EXPOSED TO
THE DINOFLAGELLATE PFIESTERIA. ~DLevin', D E
Schmechel', H B Glasgow, Jr, ' and J M Burkholder . Depts
of Psychiatry' and Medicine', Duke University Medical
Center, Durham, NC., Durham VA Medical Center' and Dept
of Botany', North Carolina State University, Raleigh, NC

The dinoflagellate Pfiesteria piscicida inhabits estuarine
waters and is suspected as a cause of fish kills in North
Carolina. After accidental exposure of humans to Pfiesteria,
a complex syndrome including cognitive impairment and
short term memory loss has been documented  Glasgow et al,
J, Toxicol. Environ. Health, 46:501-522, 1995!. The current
study was conducted to determine the persisting cognitive
effects of Pfiesteria exposure in rats. Adult female Sprague-
Dawley rats  N=6! were injected  SC! with doses of ranging
from 35,600 to 961,200 Pfiesteria cells per kg of rat body
weight. Observations of behavior for six hours after acute
injection documented no overt behavioral disturbances.
Starting two days after injection, the rats began testing on the
radial-arm maze, a test of spatial memory. They underwent
18 sessions of testing over the next six ~eeks. Compared to
controls  N=6!, the rats exposed to Pfiesteria had
significantly lower choice accuracy scores  p<0.005! in terms
of the number of correct entries made before an error
occurred. The controls averaged 5.5+0.2  me~+em! entries
to repeat while the Pfiesteria-exposed rats averaged 4.8+0.1
entries to repeat. This study documented a persistent
memory impairment in rats after exposure to the
dinoflagellate Pfiesteria. This may be related to the memory
impairments humans have shown after Pfiesteria exposure.
Further research will be directed at determining the character
and mechanism of this effect.  Supported by the National
Science Foundation and North Carolina Sea Grant College.!



PFIESTERIA PISC1CIDA EXPOSURE IN RATS RESUI TS IN

PERSISTING LEARNING DEFICITS

Edward D. Levin', Donald E. Schrnechel3, JoAnn M. Burkholder~, Howard B.

Glasgow, Jr.5, Nora J. Deamer-Melia5, Virginia C. Moser' and G.Sean Harry'

Departments of Psychiatry', Pharmacology', Neurobiology' and Medicine',

Duke University Medical Ctr, Durham VA Medical Center',

Department of Botany', North Carolina State University

Neurotoxicology Division, US Environmental Protection Agency'

National Institute of Enviornmental Health Sciences'

Address Correspondence to:

Dr. Edward Levin

Neurobehavioral Research Laboratory

Department of Psychiatry
341 Bell Building, Box 03412

Duke University Medical Center

Durham, NC 27710

Phone  919! 681-6273

FAX  919! 681-3416

NIEHS Workshop on Hazardous Marine/Freshwater Microbes and Toxins

August 26-27, 1997

Research Triangle Park, NC



ABSTRACT

The dinoflagellate, Pfiesteria piscicida, is implicated as a cause
of fish kills in North Carolina estuaries and elsewhere.

Accidental exposure of humans to Pfiesteria has been reported
to result in a complex syndrome including cognitive deficits.
This series of studies was conducted to experimentally assess
possible cognitive effects of Pfiesteria exposure in rats.
Samples of water from aquaria in which Pfiesteria were killing
fish were frozen. Then, thawed samples were injected into
female Sprague-Dawley rats. Significant learning impairments
were documented in rats administered recently frozen samples
of Pfiesteria No e.ffect was seen in the recall of a previously
learned task, but when the rats were called upon to learn a new
task, the Pfiesteria-treated animals showed a significant
learning deficit. This effect persisted up to at least 10 weeks
after one injection. The Pfiesteria induced -learning deficit was
not associated with generalized debilitation or health
impairment. Deficits in habituation of arousal and rearing
behavior were seen using a functional observational battery
 FOB!. No Pfiesteria induced -effects on blood count or in a
standard pathological screening of the brain, liver, lungs,
kidneys and spleen were seen. These studies document a
persistent learning impairment in rats after exposure to
Pfiesteria This eff.ect may be analogous to the cognitive
deficits humans have shown after Pfiesteria exposure.


