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It is well known that pretreatment with the setine estirise mbitor phenvimethy!
sulfonyl fluoride (PMSF) can protect experimental anunais rtom organophosphorus
induced delayed neurotoxicity (OPIDN), presumably by blocking the active site ot

neurotoxic esterase (NTE) such that binding and “aging” of the neurt pathic OP s
thwarted. We report here that while PMSF (60 mg ko, s ginven 4 h betore the neuro
pathic organophosphate (OP) mipatox (50 mg/kg, 1imi completely prevented the clini
cal expression of OPIDN in hens, the identical PMSF treatment markediy amplified
the delayed neurotoxicity (relative to hens treated with OP only) if admimistered 4 h
after mipafox (5 or 50 mg/kg, imj. Moreover, in a separate penment using disopro
pylphosphorofluoridate (DFP) as the neurotoxicant in place of mipalox posttreatment

with PMSF 4 h after DFP (0.5 mg/kg) also accentuated the seventy of ataxia. These data

indicate that PMSF only protects against OPIDN 1t given prior to exposure to the
neurotoxicant; treatment with PMSF after OP exposure critically exacerbates the de
laved neurotoxicity from exposure 1o organophospharus compounds

INTRODUCTION

Organophosphorus compounds (OPs) are a diverse group of chemi-
cals used primarily as pesticides, plasticizers, flame retardants, and lubri-
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cants (Davis and Richardson, 1980). Some of these compounds are
known to induce a central-peripheral distal axonopathy in humans and
other species (Smith and Lillie, 1931; Cavanagh, 1954). This condition,
termed organophosphorus-induced delayed neurotoxicity (OPIDN), is
characterized by a delayed (1 wk to several weeks following exposure),
progressive neuropathy with associated sensory and motor functional
deficits (Abou-Donia, 1981). The adult chicken has proven to be a highly
sensitive animal model for OPIDN, and tests in chickens for delayed
neurotoxicity are required for all OP pesticides produced for use in the
United States (Federal Register, 1985).

Extensive (>70%) inhibition of a membrane-bound carboxylesterase
(neurotoxic esterase, NTE) in the nervous system is proposed to be the
initial molecular event in the induction of OPIDN (for a review, see John-
son, 1990). It is well known that some compounds, such as the serine
protease inhibitor phenylmethylsulfonyl fluoride (PMSF), can prevent the
development of OPIDN if administered prior to exposure to the delayed
neurotoxicant (Johnson, 1970; Baker et al., 1980; Caroldi et al., 1984;
Veronesi and Padilla, 1985). In contrast, we report here that PMSF can
markedly exacerbate the clinical signs of OPIDN if administered after
exposure to the OP. While it is generally thought that PMSF pretreatment
prevents OPIDN by blocking the active site of NTE so that the neuro-
pathic OP cannot bind and undergo subsequent “aging,” the mechanism
for the potentiation of OPIDN by PMSF is presently unknown.

METHODS

Materials and General Methods

Mipafox (purity = 98% by NMR, melting point, and elemental analy-
sis) was purchased from Chemsyn, Lenexa, Kans. Paraoxon (O, O-diethyl-
p-nitrophenyl phosphate) was purchased from Aldrich Chemical Co.,
Milwaukee, Wis. Phenyl valerate was synthesized essentially as described
by Johnson (1977) and distilled (boiling point 70-70.5°C, 0.5 mm Hg).
Phenylmethylsulfonyl fluoride (PMSF), atropine sulfate, eserine hemi-
sulfate, glycerol formal, and O,O-diisopropylphosphorofluoridate (DFP)
were purchased from Sigma Chemical, St. Louis, Mo. All other chemicals
were reagent grade.

For biochemical determinations, hens were decapitated and tissues
were removed and frozen at —55 to —70°C until assay (less than 14 d).
All samples from each tissue type (e.g., all spinal cord samples) were
thawed, homogenized, and assayed on the same day. The tissues were
homogenized in an ice bath with a Polytron homogenizer (Brinkmann
Instruments) in 50 mM tris(hydroxymethyl)laminomethane buffer contain-
ing 0.2 mM disodium ethylenediamine tetraacetic acid (EDTA), adjusted
to pH 8.0 at 25°C with hydrochloric acid (Tris-EDTA). Brain samples were
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homogenized in 7 volumes (w/v) Tris-EDTA (20 s, setting 6), cervical spinal
cord samples were homogenized in 2.5 ml Tris-EDTA (20 s, setting 7), and
both sciatic nerves were homogenized 3 times in 4 ml Tris-EDTA (20 s,
setting 7). After homogenization, samples were centrifuged at 9000 x g
for 15 min at 4°C. Supernatants were collected and assayed for NTE activ-
ity by the method of Johnson (1977) as modified by Soliman et al. (1982).
Protein content of the supernatants was determined by the method of
Lowry et al. (1951) using bovine serum albumin as standard, and data are

reported as nmol phenyl valerate hydrolyzed/min-mg protein.

Range-Finding Experiments

Preliminary dose-finding studies were performed to determine a
dose of PMSF that would extensively inhibit (>90%) hen brain NTF activ-
ity 4 h after treatment. Additionally, other groups ot hens were given
incremental doses of mipafox or DFP, and exposure conditions were
identified that resulted in graded levels of NTE inhibition 4-24 h after
treatment.

Organophosphorus Compound/PMSF Interactions

Mipafox Adult, female, white Leghorn chickens (body weight 1.5-2.1
kg, at least 12 mo old) were obtained from Featherdown Farms, Apex,
N.C. The animals were housed at the Duke Vivarium, Duke University,
Durham, N.C., and supplied with feed (Purina Layena) and water ad libi-
tum. A detailed analysis of NTE inhibition in the brain, cervical spinal
cord, and sciatic nerve was performed 24 h after mipafox treatment at
the selected doses (see below). These levels of mipafox were then used
to investigate the effects of the relative order of administration (when
both mipafox and PMSF were sequentially administered) on the develop-
ment of clinical signs of OPIDN.

Twenty minutes before challenge with either PMSF (60 mg/kg), mipa-
fox (1.5, 5.0, or 50 mg/kg), or their appropriate vehicles, hens were pre-
treated with atropine sulfate (10 mg/kg) and eserine hemisulfate (0.1
mg/kg) for prophylaxis against acute cholinergic toxicity and to prevent
long-term cholinesterase inhibition, respectively (Johnson, 1969). Four
hours after such treatment the hens were again pretreated with atropine
and eserine and then treated with the alternate inhibitor or its respective
vehicle (see Table 1 for details of the different dosing regimens). Hens
were observed for signs of motor dysfunction at 6, 8, 10, 12, 14, and 16 d
after treatment and graded on an 8-point scale (0 = normal ambulation;
1-2 = slight, infrequent hindlimb incoordination; 3-4 = moderate but
definite hindlimb incoordination; 5-6 = severe, frequent difficulties in
walking and standing erect; 7-8 = virtual to complete hindlimb paraly-
sis; from Roberts et al., 1983). All hens were coded such that the observer
did not know their respective treatments.

DFP  Adult, female white Leghorn chickens (body weight 1.0-1.8 kg,
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TABLE 1. Treatment Protocols

Time
Group 0 min 20 min 240 min 260 min
Control Atropine?, Saline® Atropine, Glycerol
eserine eserine formal
Mipafox only Atropine, Mipafox” in Atropine, Glycerol
eserine saline eserine formal
Mipafox and Atropine, Mipafox in Atropine, PMSF in
PMSF eserine saline eserine glycerol formal
DFP only Atropine, DFP? in Atropine, Glycerol
eserine peanut oil eserine formal
DFP and Atropine, DFP in Atropine, PMSF in
PMSF eserine peanut oil eserine glycerol formal

‘Atropine (10 mg/kg, sc) and eserine (0.1 mg/kg, sc) were administered at a volume of 0.1 ml

saline/kg
“Saline, mipafox (im) in saline, or DFP (sc) in peanut oil was administered at a volume of 1.0

ml/kg.
“Glycerol formal or phenylmethylsulfonyl fluoride (PMSF, 60 mg/kg, sc) in glycerol formal was

administered at a volume of 0.67 ml/kg.

at least 12 mo old) were obtained from Gunter Egg Farms, Calcasieu, La.
The animals were housed at the School of Pharmacy, Northeast Louisiana
University, Monroe, La., and maintained as above. A detailed analysis of
NTE inhibition in brain, cervical spinal cord, and sciatic nerve was per-
formed following DFP treatment at selected doses. The identified doses
of DFP producing low (0.125 mg/kg), moderate (0.25 mg/kg), and high (0.5
mg/kg) nervous system NTE inhibition were used to investigate the ef-
fects of PMSF posttreatment on the development of clinical signs of
OPIDN. Hens were treated as in the above schedule except that DFP was
used in place of mipafox (see Table 1). PMSF was not administered prior
to DFP treatment to reconfirm protection, as this effect is well docu-
mented (Johnson, 1970; Baker et al., 1980; Caroldi et al., 1984).

Statistical Analyses

Differences in clinical signs between groups were analyzed by rank-
ing the scores on the last day of observation (i.e., 16 d after treatment)
and testing for significance by the Mann-Whitney U-test. A probability
level of .01 was used for significance.

RESULTS

Effects of PMSF, Mipafox, and DFP on Neurotoxic Esterase Activity

Four hours after PMSF treatment (60 mg/kg, sc), hen brain NTE activ-
ity was extensively (97%) inhibited (control = 159 + 0.1, PMSF = 0.5 £
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0.1 nmol phenyl valerate hydrolyzed/min-mg protein). Preliminary stud
ies (data not shown) determined doses of mipafox and DFP that pro-
duced graded levels of NTE inhibition (50, 5, and 1.5 mg/kg mipafox or
0.5, 0.25, and 0.125 mg/kg DFP). Two separate experiments were then
performed with these doses of mipafox and DFP to investigate possible
potentiation of OPIDN by PMSF.

Mipafox/PMSF Interactions In Vivo

Figure 1a shows the inhibition of brain, cervical spinal cord, and sci-
atic nerve NTE activity 24 h following mipafox treatment. All tissues from
each treatment group showed the same relative extent of NTE inhibition.
NTE inhibition in all three tissues indicated that hens treated with 50
mg/kg mipafox would be expected to develop clinical signs of OPIDN
since the degree of inhibition of NTE was above the 70" “threshold
(Johnson, 1990). Indeed, animals treated with 50 mg/kg mipaiox exhibited
a progressive ataxia beginning 8 d after treatment, with several hens
showing complete hindlimb paralysis by 14 d after treatment (I 12. 2a)
PMSF completely prevented the clinical signs of OPIDN induced by mi
patox (50 mg/kg) when administered 4 h prior to OP treatment. Alterna-
tively, when the identical dose of PMSF was administered 4 h aite mipa-
fox treatment, hens in this group showed an increased severity of ataxia
(Fig. 2a). In addition, hens treated with mipafox followed by PMSF exhib-
ited an earlier onset of ambulatory deficit than hens given mipafox only:
hens receiving only mipafox did not show grade 4 ataxia until 14 d after
dosing, while hens given PMSF 4 h after mipafox showed grade 4 ataxia
by 10 d after treatment.

Hens treated with 5 mg/kg mipafox showed >70% NTE inhibition 24
h after treatment in all three areas of the nervous system (I ig. 1a) and
therefore were expected to exhibit clinical signs of OPIDN. Little evi-
dence of a progressive motor deficit was noted in this group ot hens,
however (Fig. 2b). Alternatively, in hens given this dose of mipatox fol-
lowed 4 h later by PMSF, a significant increase (p < .01 on d 16) in motor
dysfunction developed (Fig. 2b).

The lowest dose of mipafox tested (1.5 mg/kg) caused <53% inhibi-
tion of NTE in all three areas of the nervous system (Fig. 1a). This level of
inhibition was not associated with significant ataxia, as was expected,
and no significant increase in motor dysfunction was apparent in hens
posttreated with PMSF at this dose level (Fig. 2c).

DFP/PMSF Interactions In Vivo

Figure 1b shows the inhibition of brain, cervical spinal cord, and
sciatic nerve NTE activity 24 h after DFP treatment (0.125, 0.25, and 0.5
mg/kg). As with mipafox treatment, the three tissues showed equivalent
degrees of NTE inhibition within the treatment groups. Hens treated with

the highest DFP dose (0.5 mg/kg) exhibited >70% inhibition of NTE activ-
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FIGURE 1. Inhibition of neurotoxic esterase (NTE) in brain, cervical spinal cord, and sciatic nerve
following organophosphate treatment, represented as mean + SE percent inhibition relative to
control values (n = 5/group). (a) Inhibition of NTE activity 24 h after mipafox treatment (control
values: brain = 17.16 + 1.7; spinal cord = 6.03 * 0.46; sciatic nerve = 3.15 £ 0.41 nmol phenyl
valerate hydrolyzed/min-mg protein). (b) Inhibition of NTE activity 24 h after diisopropyl-
phosphorofluoridate (DFP) treatment (control values: brain = 20.00 + 0.54; spinal cord = 9.06 +
0.30; sciatic nerve = 3.17 * 0.08 nmol phenyl valerate hydrolyzed/min-mg protein).
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FIGURE 2. Effects of PMSF on development of clinical signs of OPIDN after mipafox treatment
Hens were treated (see Table 1) and observed (blind) on alternate days trom 6 to 16 d using an 8
point graded scale (ataxia score of 0 = no signs to ataxia score of 8 = complete hindlimb paralysis
see Methods section for details). (a) Hens (n = 5/group) were treated with 50 mg/kg mipatox alone
pretreated with PMSF (60 mg/kg) 4 h before mipafox (PMSF + mipafox), or treated with mipafox 4
h before PMSF (mipafox + PMSF). (b) Hens (n = 5/group) were treated with 5.0 mg/kg mipafox
alone or treated with mipafox followed by PMSF 4 hours later. (c) Hens (n = 5/group) were treated
with 1.5 mg/kg mipafox alone or treated with mipafox followed by PMSF 4 h later
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ity in all three tissues and were expected to develop a progressive motor
deficit. No signs or slight to moderate gait disturbances (grade 0 to grade
4 ataxia) were shown by this group during the experimental observation
period, however. In contrast, hens treated with the same DFP dose and
subsequently administered PMSF showed more extensive clinical deficits
(grade 6 to grade 8 ataxia, p < .01 on d 16) during the observation period
(Fig. 3a).

NTE activity was inhibited in hens treated with 0.25 mg/kg DFP by 50-
54% in all three tissues (Fig. 1b). Hens treated with this level of DFP alone
showed no signs of motor deficits during the entire observation period.
In contrast, in the group of hens given 0.25 mg/kg DFP followed by PMSF
4 h later, 1 hen (n = 5) exhibited grade 8 ataxia (i.e., complete hindlimb
paralysis) and another hen showed moderate ataxia (grade 3) during the
observation period. The remaining three hens from this group (0.25
mg/kg DFP + PMSF) showed no signs of ataxia during the observation
period, however.

NTE activity in the low-dose DFP group (0.125 mg/kg) was reduced by
36-41% in all three tissues (Fig. 1b). No signs of motor dysfunction were
evident in any hens treated with this dose of DFP alone or those treated
with DFP followed by PMSF (data not shown).

DISCUSSION AND CONCLUSIONS

The extensive inhibition of NTE by neuropathic OPs has been corre-
lated with the subsequent development of clinical and neuropathologi-
cal signs of OPIDN (for a review, see Johnson, 1990). The recognition of
NTE inhibitors that did not cause OPIDN (e.g., PMSF, phenyl benzyl car-
bamate, di-n-pentyl phosphinate), however, suggested that NTE inhibi-
tion alone could not be the causal biochemical event precipitating
OPIDN. Demonstration that pretreatment with these nonneuropathic
NTE inhibitors actually protected experimental animals from the delayed
neurotoxicity led Johnson to hypothesize that the inhibition of the es-
teratic activity itself was not the critical event: it was suggested that a
secondary reaction, analogous to that occurring with OP inhibition of
acetylcholinesterase (i.e., the loss of an alkyl group from the phosphor-
ylated residue or “aging”), must be requisite for neuropathogenicity. Ac-
cordingly, NTE inhibitors could be divided into two subgroups: those
that have labile alkyl groups are capable of aging and initiating OPIDN,
while those that do not have labile alkyl groups cannot undergo aging or
induce OPIDN but can protect the active site of NTE such that subse-
quent neuropathic challenges are thwarted.

The present study extends previous findings regarding the in vivo
interaction between neuropathic OPs and nonneuropathic NTE inhibi-
tors. Previous reports (Johnson, 1970; Baker et al., 1980; Carrington and
Abou-Donia, 1983) have shown that PMSF is a potent inhibitor of NTE

DUSHUEN
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FIGURE 3. Effects of PMSF on development of clinical signs ot OPIDN aiter dusopropylphos

phorofluoridate (DFP) treatment. Hens were treated (see Table 1) and observed as described in
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treated with DFP followed 4 h later by PMSF (60 mg/kg). (b) Hens (n = 5/group) were treated with

0.25 mg/kg DFP alone or treated with DFP followed by PMSF 4 h later

activity, capable of preventing the clinical expression of OPIDN in hens
when administered before exposure to DFP. In addition, Veronesi and
Padilla (1985) reported that PMSF pretreatment prevented the neuropa-
thology associated with mipafox exposure in rats. The results described
herein show that PMSF pretreatment can prevent the clinical expression
of mipafox-induced delayed neurotoxicity in hens. More importantly,
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nerve section in the monkey (Badalamente et al., 1989). Interestingly, a
recent study (Takauchi and Miyoshi, 1989) reported that infusion of
leupeptin into the lateral ventricle in rats produced severe degeneration

of neuronal processes.

Regardless of the mechanism for PMSF-induced potentiation of de-
layed neurotoxicity, the probability for multiple, temporally related
chemical exposures in the “real” world makes the study of this phenom-
enon pertinent (Cherniak, 1988). While PMSF is not a common environ-
mental toxicant, other chemicals may also uncover latent neurotoxicity
due to prior exposure to neuropathic compounds. Knowledge concern-
ing the potentiation of delayed neurotoxicity may indicate whether this
phenomenon is of environmental relevance as well as provide insight
into the pathogenesis of OPIDN.
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SYMPOSIUM PROCEEDINGS

LONG TERM EFFECTS OF THE ORGANOPHOSPHATE SARIN ON
EEGs IN MONKEYS AND HUMANS

Frank H. Duffy and James L. Burchfiel

Developmental Neurophysiology Laboratory, Children’s
Hospital Medical Center, Harvard Medical School, 300 Long-
wood Avenue, Boston, Massachusetts 02115

INTRODUCTION

The insecticidal activity of organophosphorus esters (OP) was first recog-
nized in 1937 by Gerhard Schrader. They are now among our major chemical
weapons against insects and acarids: currently over 100 OP biocides are in
use. Casida and Baron (1976) conservatively estimate an annual worldwide
production in excess of 106 kilograms with wide applicability and importance
in agricultural, veterinary, and medical areas.

The discovery of the biocidal activity of OP compounds led initially to
their development by Germany during World War Il as potential chemical
warfare agents, e.g., the ““‘nerve gases”’ soman, sarin, and tabun (Koelle, 1968).
Within the last two decades, many OP compounds less toxic to man have been
developed as pest control agents, e.g., malathion, parathion, mipafox. None-.
theless, all OP compounds share similar chemical structures and pharma-
cological actions. Toxic properties appear related to an ability to inhibit
esterases throughout the central and peripheral nervous systems. OP com-
pounds differ mainly as regards potency and use.

Detailed studies of the structure activity relationships of thousands of OP
compounds have led to 1) a reduction in mammalian toxicity, and 2) a
diversification of uses, e.g., nematocides, rodenticides, avicides, insect chemo-
sterilants, insecticide synergists, fungicides, herbicides, and plant growth reg-
ulators (Casida and Baron, 1976). With the reduction in acute human toxicity,
however, increasing attention has been focused upon secondary or late-de-

veloping effects of these compounds. This is of particular concern due to the
widespread and growing use of OP agents. In this article we will present new
evidence that low level exposure or exposures to an OP compound can
produce unexpectedly long term changes in brain function as measured by the
electroencephalogram (EEG).

RECOVERY FROM A SINGLE EXPOSURE

Low level human exposure is known to produce a variety of signs and
symptoms including miosis, muscular fasciculations, and apprehension
'Supported in part by:
a. A grant from Agrippa Data Systems of Boston,
b. National Institute of Health Mental Retardation Core Grant HDO06276, and
c. Department of the Army Contract DADAO03-77-W0400
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Many OP compounds simply fail to produce delayed toxicity. Others
produce delayed toxicity in some animal species but not in others. The
mechanisms underlying delayed neurotoxicity are not well understood. How-
ever, Johnson (1975) has shown that inhibition of a specific nerve esterase is
associated with the delayed neurotoxicity in hens.

LONG TERM EFFECTS — PSYCHIATRIC AND EEG

More recently, studies have appeared suggesting that long term effects
other than delayed neurotoxicity may be present. Many of these studies,
however, have been challenged.

A number of studies suggest that some subjects may experience long term
sequelae from a single OP exposure or a limited period of low level exposure.
Gershon and Shaw (1961) reported histories of memory difficulty, depression,
schizophrenic reactions, and emotional instability lasting up to one year
following cessation of prolonged low level OP exposure in 8 of 16 subjects.
Similar but less severe abnormalities (lasting more than six months) were
reported by Tabershaw and Cooper (1966) in 38 percent of 114 subjects after
acute OP poisoning. Rowntree, et al. (1940), suggested that OP exposure
might exacerbate pre-existing psychiatric problems. Metcalfe and Holmes
(1969) suggested that OP exposure may lead to chronic EEG changes. They
reported that workers with past histories of both OP and chlorinated hydro-
carbon exposure, but with no recent exposures, had EEGs which showed a high
incidence of excessive slowing. All night sleep EEGs showed a high incidence
of “narcoleptic sleep records.” Psychological dysfunctions in this group in-
cluded disturbed memory and difficulty maintaining alertness and appropriate
focusing of attention.

None of these studies included a detailed statistical analysis or a compari-
son with control (unexposed) subjects. Thus, as of the early 1970s, the issue of
delayed or persistent toxicity affecting the cerebral hemispheres (as manifested
by psychiatric or EEG changes) was not conclusively settled.

PROJECT LEACHE (LATE EFFECTS OF ANTICHOLINESTERASE
EXPOSURE)

In the late 1960s and early 1970s, the U.S. Governement became aware
that a number of its civilian employees working with or in the vicinity of the
potent OP, sarin, were complaining of a variety of symptoms, including
excessive dreaming, loss of libido, memory loss, irritability, trouble concentrat-
ing, etc. On clinical grounds it was impossible to ascribe these symptoms to
any single cause - including sarin exposure. But as some of these employees
had been involved in the study by Metcalfe and Holmes (1969), it was decided
to investigate the question in a more rigorous manner. First, it was decided to
determine whether long term EEG changes occurred in monkeys under well
controlled laboratory conditions. Second, if the results of this study of a
non-human primate were positive, it was decided to carefully evaluate the
EEGs of the government employees for any deviation from normal.
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the significant EEG changes seen one day after exposure and how the increase
in beta activity was still present one year later; comparable changes are not
seen in the control animal (Fig. 2). This increase in beta activity was consis-
tently observed in monkeys administered sarin. This is shown in Table 1, which
summarizes the results of this study. For example, 2 of the 3 monkeys on the

CONTROL
PERCENT
19.89 0.92
19.32 1.05
32.50 0.94
18.72 0.78
13.25 0.41
PERCENT t VALUE
BAND ENERGY S.E vs CONTROL
D 26.80 2.12 3.53%4
T 19.05 0.65 0.14
A 19.39 0.33 7.64%%
B1 19.65 1.44 0.59
B2 18.26 0.22 6.68%%
PERCENT t VALUE
BAND ENERGY S.E. vs CONTROL
D 21.05 0.29 0.99
T 17.16 0.73 1.5)
A 30.36 0.93 kD5
Bl 18.64 0.58 0.07
B2 16.29 1.23 2.7

50

FIGURE 1. An example of one monkey’s EEG frequency spectrum before, immediately after, and 1 year after
administration of a single large dose of the organophosphate, sarin. The ordinate for each curve is in
microvolts. The abscissa is frequency in Hertz or cycles per second. The “‘control” spectrum represents the
EEG spectrum in the pre-exposure state. The “*24 hour’’ curve refers to the spectrum 1 day after administra-
tion of a large (5 ug/kg) dose of sarin. The “1 year’’ curve refers to the spectrum one year after the large dose
of sarin. To the right of each curve is the quantitative summary of each curves values. D = delta (0.5 - 3.75
Hz); T =theta(4-7.75Hz); A = alpha(8-12.75Hz); B1 =betal (13-21.75Hz); B2 = beta 2(22-50Hz)
These are the standard EEG frequency ranges of clinical interest. The ““t value™ is the result of the Student’s t
test between the current curve and the control state. Significant differences are indicated by asterisks; p <
0.05* and p = 0.01**. Note there are significant differences in delta, alpha and beta 2 at 24 hours. Note that
there is still a significant difference between the control and 1 year curves in the beta 2 EEG range. The delta
and alpha differences reverted to pre-exposure baseline values.




- DUFFY AND BURCHFIg

CONTROL
PERCENT
ENERGY S.E.
23.54 0.62
18.35 0.62
22.22 1.00
18.47 0.77
20.86 1.00
24 HOURS
PERCENT t VALUE
BAND ENERGY S.E. vs CONTROL
D 22.74 1.87 0.56
T 17.02 0.42 1.16
A 22.26 1.56 0.02
Bl 20.68 0.53 1.55
B2 20.86 0.42 0.01
PERCENT t VALUE
BAND ENERGY S.E. vs CONTROL
D 23.46 1.57 0.05
T 18.00 0.75 0.36
A 21.95 0.95 0.20
Bl 20.14 0.97 1.34
B2 19.94 (.72 0.7§

FIGURE 2. An example of one monkey’s EEG frequency spectrum handled in the same way as the large dose
monkeys but not administered any sarin. Note the absence of significant difference between the control
values and the 24 hour and 1 year values.

small dose schedule of sarin showed a significant increase of temporal lobe
beta one year after administration. By contrast, none of the 10 control monkeys
did. Fisher’s exact probability test indicates that this is a significant difference at
the 0.039 level. When the results from all six monkeys receiving sarin (3 large
dose and 3 small dose) are pooled and compared to the control animals for the
temporal lead, the distributions are significantly different in the states of eyes
closed in darkness and drowsy. These results indicate that a single symptomatic
exposure to sarin or a series of subclinical exposures can alter the frequency
spectrum of spontaneous EEG for at least one year. Significant alterations
occurred in the temporal region in the beta frequency ranges.

-

THE HUMAN STUDY

In view of the positive results of the monkey study, it was decided‘to
proceed with a search for persistent EEG changes in human subjects with
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TABLE 1. Persistent Effects of Sarin Exposure on Monkey EEG One Year After Exposure

increased temporal lobe beta exposed animals signif increase | noincrease
(exact probability test) control animals signif iIncrease l no INCrease
SMALL DOSE LARGE DOSE COMBINED

'£S CLOS ) > ; )

EYES CLOSED 2 1 019 2 1 019 4 2 008
DARKNESS 0 10 0 10 0 10

DROWSY 3 0 3 } 0 = 6 0
035 015 003

2 8 2 8 2 8

Each 2 x 2 table represents the number of animals who showed a significant increase in beta tleft column)
versus the number of animals who did not (right column) The E group 1s the top row 1in each table and the (
group the bottom row. Next to eac h 2 x 2 table 1s the result of the Fishers exact probability test This test 18
ordinarily employed in lew of the Chi-Square test when the number in any place 1s smaller than 5 Values

T
Theee

less than 0 05 are considered significant. Note that all values shown above are less than this value
data were recorded from the occipital-temporal electrode pair and represent beta activity only Other

electrode pairs and frequency ranges did not show significant diffterences

histories of exposure to sarin. Here, however, the experimental design would
have to differ from the monkey study as all humans had accidental exposures.
No pre-exposure baseline records were available. Thus, the study was de-
signed to statistically compare the EEGs of exposed subjects with those of a
comparable group of unexposed control subjects. The exposure group was
carefully chosen to exclude any individual with a history of sarin exposure
within the preceding year.

The exposure (E) Group consisted of 77 industrial workers. Each had a
documented history of at least one exposure to sarin. In addition, 41 workers
within the E group had had 3 or more exposures within the six years prec eding
the study. This subgroup will be referred to as the maximum exposure (ME)
group. The exposure criteria were defined as (1) history of exposure, (2)
resultant clinical signs and symptoms consistent with exposure, and (3) reduc-
tion in erythrocyte cholinesterase to a level at least 25 percent below the
individual’s pre-exposure baseline. No E group member had a history of
exposure to chlorinated hydrocarbon or carbamate compounds.

Thirty-eight industrial workers from the same plant comprised the control
(C) group. No member of this group had access to OP compounds at work, had
a history of OP, chlorinated hydrocarbon, or carbamate exposure, had ever
complained of symptoms associated with OP exposure, or had ever shown
significant fluctuations in semiannual or spot check cholinesterase levels

Each subject in the study had two EEG recording sessions. In the first, EEG
data were obtained under the usual clinical laboratory conditions. These data
were recorded on paper for visual interpretation and on magnetic tape for
computer analysis. In the second session, an all-night sleep EEG record was
obtained. For analysis of the sleep data, we excluded those few subjects below
age 30 so as to render the C, E, and ME populations more comparable
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(Williams et al., 1974; Brezinova, 1975). Consequently, for the sleep analysis,
there were 26 members in the C group, 67 in the E group, and 38 in the ME
group.

In addition to the conventional group comparisons of individual parame.
ters as outlined above, we wished to consider the combined effect of the
mutual interdependence of all variables upon group differences. Accordingly,
we employed the standard multivariate technique of discriminant analysis
(Cooley and Lohnes, 1971) to the problem of establishing a single statistically
quantifiable measure of group difference. Here, we calculated Wilks’ Lambda
to assess the significance of group separation. To reduce the dimensionality of
the data representation prior to discriminant analysis, we submitted all vari.
ables, or “features” to a merit rating process. The ““merit function”” is based on
(1) the computation of an ambiguity function (Genchi and Mori, 1965), and (2)
the computation of a measure of detectibility from the Receiver Operating
Characteristic Curve (Selin, 1965). Furthermore, the merit function takes into
account the mutual correlation of all features selected by the first two criteria.

For all analyses, control subjects were compared to all the exposed
subjects (CxE analysis) and again to the subgroup of subjects with multiple (3 or
more) exposures (CxME analysis). We considered doing a regression analysis
but sufficient medical information to permit quantification of an individual’s
exposure history was not available.

Results of the CxE comparison of the spectal analysis data are shown in
Table 2. The corresponding CxME comparison is shown in Table 3. Note that
we analyzed three electrode locations: temporal (T3-T5), fronto-central (F3-
C3), and occipital-central (Oz-Cz). Note that there were five clinical states -
eyes open (EO), eyes closed (EC), drowsy (D), hyperventilation (HV), and
recovery from hyperventilation (PHV). For each lead and state, the frequency
range from 0.5 to 30 Hz was broken down into 10 bands, each 3 Hz wide. The
CxE analysis (Fig. 4) showed only 8 significant comparisons. This raises the
important question of how many individual comparisons must be statistically
significant to have a “physiological significance”. For example, there are 50
comparisons - 5 states and 10 bands - for the CxE analysis of F3-C3. At the 0.05

significance, this could have arisen by chance alone, and have no definite
physiological significance. However, since five comparisons within the Oz-Cz
linkage were statistically significant, and since two of the entire CxE compari-
sons reached the 0.02 level, it is unlikely that chance alone determined this
outcome. Furthermore, six of the eight significant comparisons represented
increases in beta activity (12-30 Hz) making the likelihood of a physiologically
significant difference between the C and E groups more secure.

On the other hand, the C::ME analysis (Table 3) showed a more definitive
picture. There were 14 significant comparisons for T3-T5, 5 for F3-C3, and 14
for Oz-Cz. Clearly, we have exceeded the “chance level” for all linkages
(especially T3-T5 and Oz-Cz). Note that 13 of the 24 CxME comparisons were
significant at the 0.02 level, six at the 0.01 level, and one at the 0.001 level. The
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TABLE 2. Power Spectra Analysis of EEG Records (Human C x E Significant Differences)

Spectral EEG band (Hz)

0.5-3 3-6 6-9 9-12 | 12-15 | 15-18 | 18-21 | 21-24 | 24-27 | 27-30

T3-TS EO

EC

HV

PHV

F3-C3 EO IS e

EC

HV 'L T

pHV

0z-CZ EO

EC

pPHV t TU

This figure summarizes the results of the comparison between the spectral data of the control group (C)
and the entire exposed population (E); the C x E comparison. The ten columns represent the ten EEG
frequency bands from approximately 0 to 30 Hz in 3 Hz steps. The rows represent the different recording
locations and different clinical states.

Electrodes: T3T5 = temporal; F3C3 = fronto-central: OzCz = occipital-central
States: EO = eyes open, alert; EC = eyes closed, alert; D = drowsy: HV = hyperventilation; pHV = recovery
from hyperventilation.

Each entry in the table represents the significance level of the C x E comparison for that particular
frequency band, electrode pair, and state. The absence of an entry indicates the failure to reach the 0.05
probability level of the 2-tailed Student’s t test or Mann-Whitney U-test. The presence of an arrow indicates
the direction of the change in the E group with respectto the C group mean value. The presence of a T implies
asignificant t test at the 0.05 level. U implies the same level for the U-test Asterisks indicate higher levels of
significant difference, i.e., *0.02; **0.01; **+() 001. For example, the 24-27 Hz band in the E group was of
greater value than the 24-27 Hz value for the C group in the Oz-Cz electrode pair in the HV state. This
difference was significant at the p < 0.02 level.

physiological significance is increased by the clear tendency for the results to
cluster in the beta range and to represent an increase of beta in every case.
Thus, the results of the univariate spectral analysis show (a) probable
differences between the C and E populations, (b) highly significant differences
between the C and ME populations, and (c) a tendency of the differences to
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TABLE 3. Power Spectra Analysis of EEG Records (Human C x ME Significant Differences)

R —
Spectral EEG band (Hz)
P —
0.5-3| 3-6 6-9 [ 9-12 | 12-15 | 15-18 18-21 21-24 24-27 27-%
[ ——
T3-TS EO g 7 s O o
EC t TU tT**U*| t T*U | t TU t TU t Ty
D t TU tT°U |t TU |t T*U t T tT
HV
PHV
F3-C3 EO
EC
D T t U
}‘v ?T.CU.O T T.OL/.. A’ L(
PHV
0Z-CZ EO
EC t TU t TU
D t U FPTUlt TU | ¢t TeU® | ¢ ToU® tT*U
Hv f T.OU. T T.Q.U.l f TU
PHV t TU t TU* t Ty

Results of the spectral analysis between the control subjects (C) and the maximally exposed subjects (ME)
with histories of 3 or more exposures. Convention is the same as in Table 2. Note the clustering of significant
results in the beta range. Note also that all changes represent an increase of beta for the maximum exposure
group. * p= 0.02 **p= 0.01 ***p < 0.001

cluster in the beta range and represent an increase in beta within the exposed
group.

MULTIVARIATE ANALYSIS

The merit function values for the selection of best features for discrimina-
tion were computed for all 150 (10 spectral bands x 5 states x 3 electrode pairs)
features available per subject. The percent time spent in REM sleep was added
as the 151st feature. The ten best features were chosen for inclusion in the
discriminant analysis. All had highly significant differences for the comparison
between controls and subjects who suffered maximum ‘exposure. The data
show that the spectral values in the beta frequency range contribute most to the










TABLE 5. Results of analysis of all night sleep EEG on human subjects

ABSOLUTE TIME

HUMAN SLEEP EEG

PERCENT TIME

$D33INO NINVS 40 S1DOXHS

REM Stage Stage Stage Stage Stages Total REM Stage Stage Stage Stage Stages
1 2 ) 4 }+ 4 Sleep 1 2 ] 4 3} + 4
C 14 865 39.078 196790 16639 6332 22 970 289 357 11414 15732 h7 718 5.575 1 9647 7 348
E 46.318"' 43305 193913 16483 414 20).595 04 194 S 117" 131967 h4a 419 5419 1 1kt b 5
P T
CxE U u'
ME 47.736* 46996 183161 200.701 6663 27 364 305.261 15645 14974 6KO.710'* 6815 A4 H HhhY
T 2 s
C x ME U? u* (OL
C, E and ME have the same meaning as in previous tables Time in each phase of sleepn s shown in minutes and ARAIN as DErcent 1a i i et

significance is indicated by appropniate reference for comparison by t-1est ('P0.05 P 0 O1) for U test

P-0O0O5 ‘P (0
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Genchi and Mori (1965), and the measure of detectibility from the receiver
operating characteristic curve (Selin, 1965) of the discrimination problem at
hand were computed. Features showing the lowest values of an intermediate
merit function according to these two criteria were then chosen in a sequential
procedure so that the average correlation between all selected features was
minimized.

Three different algorithms were employed to derive optimized decision
rules. These were the supervised learning program DSELECT, the program
EXTRACT, and the program CLASSIFY.

DSELECT is a non-parametric procedure which has in the past proven to
be robust, and particularly valuable for data with very close group centroids,
high correlations between feature vector components, and markedly different
eigenstructure. DSELECT is, however, prone to lead to system overtraining
when sample sizes are small as compared to the number of available features.

EXTRACT forms a linear combination based on the mean differences and
respective variances of two groups. The weights are optimized to produce a
minimum number of misclassifications.

CLASSIFY is a parametric procedure. The probability densities of two or
more populations are estimated from the data. Test set data are then classified
on the basis of the maximum likelihood criterion. Using a slightly enlarged data
set, an initial set of features and classification rules were developed. There were
39 controls, and 82 recordings from exposed individuals. Of the exposed
group, 36 individuals had received three or more exposures; this group was
designated as maximum exposed. Out of the total available features, a set of 24
were flagged as exhibiting statistically significant differences. Rules were de-
veloped to individually classify the ME group members and the C group
members with 100 percent success. It is not unusual, however, to achieve
complete classification success on the same set of subjects used to generate the
classification rules. The ultimate test of one’s power of automatic diagnosis is to
apply rules developed on one set of subjects to the problem of classifying a
second set of subjects not used in the ongoing rule generation.

So, we applied the rules developed above to a setof 16 subjects (8 controls
and 8 max-exposures) not previously analyzed. The results of this are shown in
Table 6, along with the electroencephalographer’s (clinician’s) designations.

Therefore, the computer correctly classified 13 of 16 subjects for an 81.3
percent success rate. The clinician correctly classified 7 of 16 subjects for a
43.8 percent success rate, slightly below the chance level. These results were

encouraging.

TABLE 6
2 COMPUTER CLASSIFICATION O CLINICIAN’S CLASSIFICATION
- actual control max. exp. no decision control max. exp.
controls 6 0 2 B 5 3
max. exp. 1 7 0 6 2
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TABLE 7. Computer Classification (Percent correct)

C

Subsequently, the data set was significantly enlarged and the test of the
rules applied to this larger population. We were surprised to find that the
classification success for subsequent test sets, although superior to the inspec-
tion procedure in every case, did not match the high values achieved in the
initial test. The success rate of the computer analysis is shown in Table 7. It soon
became apparent that we were consistently classifying correctly all or most of
the C group, but only about half of the ME group. Accordingly, we explored the
data structure within the C and ME groups as regards discriminant function
score (Fig. 3 and 4) for two separate sets of C and ME subjects. Note the
unimodal distribution of the C group but the clearly bimodal distribution of the
ME group. Furthermore, one ME group mode appears to coincide with the
distribution of the control population. The most obvious implication is that not
every subject with a history of exposure to OP compounds suffers changes in

THRESHOLD

7 Exposed

-

o
B
,

W
b%
Gk

FIGURE 3. This figure shows the relative distribution of the control and maximally exposed populations
within discriminant function space. Note that the control population tends to have a unimodal distribution
and the exposed population a bimodal distribution. Note also that one mode“of the exposed population
seems to coincide with the control population’s distribution. This is suggestive but not rigorous evidence to
suggest that not all brains will show the same degree of EEG change following sarin exposure. Does the
lesser exposed population mode represent recovery or do some brains fail to show the persistent effects at
all?
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FIGURE 4. This figure represents the same analysis on another set of control and exposed subjects. Note the
similar bi-modal distribution for the exposed subjects.

brain function. Alternatively, the bimodal distribution may reflect spontaneous
recovery.

In any event, when the automatic classification procedure ‘“‘correctly”
classified only 50 percent of the ME group, it may have been accurately
defining those ME group members with and without persistent OP effects. The
success of the initial classification rules upon the training data set used to derive
them may be due to the choice of exposed subjects for this set. The exposed
subjects in the training set tended to be those with the best documented and
most recent sarin exposures (but not more recent than a year before the study).
Subjects exposed to sarin a long time before the study or with borderline
histories of exposure were more likely to be members of the later, test M groups.

CONCLUSIONS

The results obtained from these studies support four main conclusions:

First, there is sufficient evidence to state that EEG data of individuals with
exposure to the organophosphate sarin exhibit highly significant group differ-
ences from EEG data of controls. These changes, seen in subjects free of OP
exposure for one year or more, suggest that OP compounds have persistent
effects upon brain wave (EEG) activity. The multivariate discriminant analysis
shows that the control (C) group, when represented as a multidimensional
vector, can be statistically separated from the entire exposure (E) group at the P
= 0.001 level and the maximum exposure (ME) group at P = 0.00001 level.
Similarly, the univariate CxE and CxME comparisons indicated statistically










DUFFY AND BURCHFIg

difluorophosphate (DFP), are known to produce peripheral neuropathies of
elayed onset. The primary lesion is axonal degeneration with secondary

demyelination. When the peripheral nerves are involved, lesions are always
found in the spinal cord, often in the brain

hemispheres (Johnson, 1970, 1974, 1975). H

produce delayed neurotoxic responses. There is no evidence to suggest thatthe
persistent CNS effects of sarin i i i i

central axons or myelin,

In any event, the long term findin
€xposure syndrome. Thus, the pathogenesis of the long term effects may well
represent an unexpected extension of the primary drug effect, the exact details
of which do not appear to be completely established.

Regardless of the pathogenic mechanisms, results of the current study
confirm the ability of OP compounds to induce persistent abnormalities in the
electrical activity of the human brain. Whether these long

ally, to many more common OP compounds.
(2) It seems reasonable to wonder about

possible long term effects in
humans of €xposure to other pesticides

(carbamates, sulfonates, chlorinated

There is only one Way to resolve this issue and that is to concurrently
perform both EEG and detailed psychological tests on a population of control

and exposed subjects. This has not been done. In the absence of such data, the
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most conservative and most ethical position must be to presume that the EEG
changes are associated with functional abnormalities until proven otherwise.

(4) The next most obvious question is: ““How persistent are these EEG
effects?”” We do not know. The bimodal distributions in Figs. 3 and 4 suggest a
potential for recovery, but the only way this could be resolved is to study the
same exposed population at differing points in time.

(5) And, finally, comes the question: ““What is the minimal dose neces-
sary to precipitate long term changes?” Unfortunately, the answer to this
question is not obtainable from the human data. The problems are 1) how
would one quantitate the magnitude or degree of an accidental exposure? and
2) how would one compare the effects of such exposures (even if a good
measure could be found) occurring at differing points in the past. The monkey
study does provide a partial answer and is cause for some concern. The degree
of EEG change seen one year after a series of subclinical administrations was as
large or larger than that produced by a single large exposure. Thus, itis possible
that there is some long term effect for very small levels of exposure - just how
low requires further study.

REFERENCES

Agnew, HW., Webb, WW., Williams, R.L.: Sleep patterns in late middle age male: An EEG study
Electroenceph. Clin. Neurophysiol. 23:168-171, 1967

Bowers, M.B., Goodman, E. and Sim, V.M.: Some behavioral changes in man following anticholinesterase
administration. ). Nerv. Ment. Dis. 138:383-389, 1964

Bradley, W.A.: The Pathology of Delayed Neurotoxicity Due to Organophosphates in Pesticide Induced
Delaved Neurotoxicity. L.E. Baron, Ed., U.S. Environmental Protection Agency; EPA - 600/1 - 76 025,
July, p. 84, 1976

Brezinova, V.: The number and duration of the episodes of the various EEG stages of sleep in young and
older people. Electroenceph. clin. Neurophysiol. 39:273-278, 1975

Burchfiel, J.L., Duffy, F.H., and Sim, V.M.: Persistent effects of sarin and dieldrin upon the primate
electroencephalogram. Toxicol. Appl. Pharmacol. 35:365-379. 1976

Burchfiel, J.L., Duchowny, M., and Duffy, F.H. Acetylcholine hypersensitivity in rat hippocampus
induction by kindling stimulus. Science 204:1096-1098, 1979

Casida, ).E. and Baron, R.L.: Recognition and overview of the organophosphate induced delayed neurotox-
icity problem. In R.L. Baron, (Editor): Pesticide Induced Delayed Neurotoxicity., U.S. Environmental
Protection Agency EPA-600/1-76-025, Research Triangle Park, N.C., 1976

Cooley, W.W. and Lohnes, P.R.: Multivariate Data Analysis. John Wiley, New York, 1971

Davies, D.R., Holland, P. and Rurnens, H.].: The relationship between the chemical structure and neurotox-
icity of alkyl organophosphate compounds. Brit. ]. Pharmacol. 15:271-278, 1960

Duffy, F.H., Burchfiel, |.L. and Sim, V.M.: Persistent effects of organophosphate exposure as evidenced by
electroencephalographic measurements. In Baron, R.L (Editor): Pesticide Induced Delayed Neurotoxic-
ity. U.S. Environmental Protection Agency, EPA-600/1-76-025, July, p. 102, 1976

Duffy, F.H., Burchfiel, ].L., Bartels, P.H., Gaon, M., and Sim, V.M.: Long term effects of an organophosphate
upon the human electroencephalogram Toxicol. and Appl. Pharmacol. 47:161-176, 1979

Fenichel, G.M., Dettbarn, W.D. and Newman, T.M.: An experimental myopathy secondary to excessive
acetylcholine release. Neurology 24:41-45, 1974

Fenichel, G.M., Kilbler, W.B., Olson, W.H and Dettbarn, W.D.: Chronic inhibition of cholinesterase as a
cause of myopathy. Neurology 22:1026-1033, 1972

Fink, M.: EEG and human psychopharmacology. Annu. Rev. Pharmacol. 9:241-258, 1969

Fisher, R.A.: Statistical Methods for Research Workers, Oliver and Boyd, London, 1934

Genchi, H. and Mori, K.: Evaluation and feature extraction on automated pattern recognition system
Denki-Tsushin Gakki, Part 1 (Jap.), 1965.




DUFFY AND BURCHFIEL .

Gershon, S. and Shaw, F.H.: Psychiatric sequelae of chronic exposure to organophosphorous insecticides.
Lancet 1:1371-1374, 1961

Grob, D. and Harvey, A.M.: The effects and treatment of nerve gas poisoning. Am. ).Med. 14:52-63, 1953

Grob, D. and Harvey, |.C.: Effects in man of the anticholinestrase compound warin (isopropy| methyl
phosphonofluoridate). ). Clin. Invest. 37 350-368, 1958.

Grob, D., Harvey, AM., Langworthy, O.R. and Lilienthal, I.L., Ir.: The administration of diisopropyl
fluorophosphate (DFP) to man. Il. Effect of the central nervous system with special reference to the
electrical activity of the brain. Bull. Johns Hopkins Hosp. 81:257-266, 1947

Hartmann, E.: On the pharmacology of dreaming sleep (the D. state). J. nerv. Ment. Dis. 146:165-173, 1968,

Herricksen, S.J., Jacobs, B.L., and Dement, W.C - Dependence of REM sleep PGO waves on cholinergic
mechanisms. Brain Res. 48:412-4 16, 1972

Hernandez-Peon, R.: Central neuro-humoral transmission in sleep and wakefulness. In Bally, C, and
Schade, ).P., (Editors): Sleep Mechanism, Progress in Brain Research. 18, Elsevier, Amsterdam; 1965.

Hernandez-Peon, R., and Chavez-lbarra, G.: Sleep induced by electrical or chemical stimulation of the
forebrain. Electroenceph. clin. Neurophysiol. Suppl. 24:188- 198, 1963.

Holmes, |.H. and Gaon, M.D.- Observations on acute and multiple exposure to anticholinesterase agents.
Trans. Am. Clin. Climat. Assn. 68 86-101, 1956

Joffee, R. and Jacobs, L.: The Beta Focus: its nature and significance. Acta Neurol. Scand. 48:191-203, 1972.

Johnson, MK - Organophosphorus and other inhibitors of “neurotoxic esterase’ and the development of
delayed neurotoxicity in hens. Biochem. ). 120:523-531, 1970

Johnson, M.K.: The primary biochemical lesion leading to the delayed neurotoxic effects of some or-
ganophosphorus compounds. |. Neurochem 23:785-789, 1974,

Johnson, M.K.- Organophosphorous esters causing delayed neurotoxic effects: Mechanism of action and
structure/activity studies. Arch. Toxicol. 34 259-288, 1975.

Kamp, A., Schrijer, C.F.M.. and Storm Van Leeuwen, W.: Occurrence of “beta bursts” in human frontal
cortex related to psychological parameters Electroenceph. clin Neurophysiol. 33:257-268, 1972
Kiloh, L.G., McCornas, A.). and Osselton, | W.: Clinical Electroencephalography. Appleton-Century Crofts,

N.Y., 1972,

Koelle, G.B.: Anticholinesterase agents. In Goodman, L.S. and Gelman, A. (Editors): The Pharmacological
Bases of Therapeutics. The Macmillan Co., N.Y_, 1968.

Kooi, K.A.: Fundamentals of Electroencephalography Harper & Row, N.Y_, 1971.

Magherini, P.C., Pompeiano, O., and Thoden, U : Cholinergic mechanisms related to REM sleep. I: Rhyth-
mic activity of the vestibulo-oculomotor system induced by an anticholinesterase in the male de-
cerebrate cat, Arch. Ital. Biol. 110:234-259, 1972,

Matsuzaki, M., Obada, Y. and Shoto, S.: Cholinergic agents related to parasleep state in acute brain stem
preparations. Brain Res. 9:253-267, 1968

Mendels, . and Hawkins, D.R - Sleep Laboratory adaptation in normal subjects and depressed patients
(“first night effects”’) Electroenceph. clin Neurophysiol. 22:556-558, 1967.

Metcalf, D.R. and Holmes, J.H.: EEG, psychological, and neurological alterations in humans with or-
ganophosphate exposure. Ann. N Y Acad. Sci., 160:357-365, 1969

Milby, T. Prevention and management of organophosphate poisoning. |.A. Med. Assoc. 216:2131-2133,
1971

Mundy Castle, A.C.: Theta and beta rhythm in the elec troencephalograms of normal adults. Electroenceph
clin. Neurophysiol. 4 165-179, 1952, '

Nealis, |.G.T. and Duffy, F.H.- Paroxysmal beta activity in the pediatric electroencephalogram. Ann
Neurol. 4:112-116, 1978

Rowntree, D.W., Nevin. S. and Wilson, A.: The effects of diisopropy! fluorophosphate in schizophrenic and
manic depressive psychosis. J. Neurol Neurosurg, Psychiat. 13:47-62, 1950.

Santolucito, |.A. and Morrison, G.: EEG of rhesus monkeys following prolonged low-level feeding of
pesticides. Toxicol. Appl. Pharmacol. 19:147-154, 1971,

Sitaram, N_, Wyatt, R )., Dawson, S. and Gillin, |.C.: REM sleep induction by physostigmine infusion during
sleep. Science 191 1281-1282, 1976

Selin, |.: Detection Theory. Princeton University Press, Princeton, N.J., 1965.

Smith, M.1., Elvove, E. and Frazier, W.H.: The Pharmacological Action of Certain Phenol Esters, with Special
Reference to the Etiology of So-called Ginger Paralysis. U.S. Publ. Hith. Rep: 45:2509-2524, 1930




EFFECTS OF SARIN ON EEGS 689

Smith, H.V. and Spaulding, N.M.K.: Outbreak of paralysis in Morocco due to ortho-cresyl phosphate
poisoning. Lancet 2: 1019-1021, 1959.

Tabershaw, |.R. and Cooper, W.C.: Sequelae of acute organic phosphate poisoning. J. Occup. Med. 8:5-10
1966

Thoden. U., Magherini, P.C. and Pompeiano, O.: Cholinergic mechanisms related to REM sleep. Il Effects
of an anticholine..2rase on the discharge of central vestibular neurons in the decerebrate cat. Arch. Stat
Biol. 110:260-283, 1972

Wadia, R S., Sadagopau, C., Amin, R.B. and Sardesai, H.V.: Neurological manifestations of organophos-
phorous insecticide poisoning. J. Neurol,, Neurosurg. and Psychiat. 37:841-847, 1974

Wied. G.L., Bartels, P.H., Bahr, G.F., and Oldfield, D.G.: Taxonomic intracellular analytic system (TICAS)
for cell identification. Acta Cytologica 12:127-210, 1968

Williams, R.L., Karacan, |.K. and Hursch, C.J.: EEG of Human Sleep. John Wiley & Sons, Inc.. New York
N.Y. 1974

NEUROTOXICOLOGY MS N-54
Received November 9, 1979
Accepted November 29, 1979


































1840

NATIONAL SECURITY COUNCIL
WASHINGTON. D.C. 20506

March 7, 1985

INFORMATION

MEMORANDUM FOR SAMUEL R. BERGER
1wl &
THROUGH : ROBERT BEL ANIEL PON
FROM: ELISA D. HARR.{SW’\r e
SUBJECT: Gulf War Veterans’ Illnesses -- Next Steps
Now that the President has approved the establishment of a
Presidential Advisory Committee on Gulf War veterans’ illnesses,
a number of outstanding issues need to be resolved related to ‘the

Committee.

Committee Members

(oolj

(b)(6)

As far as the other Committee members are concerned, we believe
that it would be useful to establish a formal nominating and
screening process prior to submitting a list of proposed names to
the President. Specifically, we recommend that candidates first
be solicited from the three agencies (DOD, VA and HHS), veterans
service organizations (VFW, American Legion and others), the
chairpersons of previous review panels (Lederberg, the Institute
of Medicine and the National Institutes of Health) and Members of
Congress with jurisdiction over or a particular interest in this
issue. Once we have a list of candidates, a screening committee
comprised of representatives from OSD, VA, HHS, NSC, Cabinet
Affairs, the First Lady’s office and OSTP would then review the
list and recommend 15-20 candidates for the President to chose
from. Although complicated, such an approach would ensure that
all of the interested parties have the opportunity to have their
candidates considered.







Documents Related to the Advisory Committee

Four documents related to the Advisory Committee are in various
stages of preparation. 1In order to establish the Advisory
Committee, we need an Executive Order, a Charter (which must be
filed with GSA), and agreed Terms of Reference. I have drafted
all three of these documents (copies at Tabs A-C), and am in the
process of securing agency clearances. We hope to have them
finalized by the end of the week. The fourth document, which you
tasked out of one of your earlier meetings, is a 6-month public
affairs strategy. We are still working on this, and hope to have
a draft ready to circulate to agencies by early next week.

Attachments

Tab A Draft Executive Order
Tab B Draft Charter

Tab C Draft Terms of Reference



DRAFT
EXECUTIVE ORDER
PRESIDENTIAIL ADVISORY COMMITTEE ON
GULF WAR VETERANS’ ILLNESSES
By the authority vested in me as President by the Constitution
and the laws of the United States of America, it is hereby
ordered as follows:

Section 1. Establishment. (a) There shall be

established a Presidential Advisory Committee on Gulf War
Veterans’ Illnesses (the “Committee”). The Committee shall be
composed of not more than 10 members to be appointed or
designated by the President. The members of the Advisory
Committee shall have expertise relevant to the functions of the
Committee and shall not be full-time federal officials or
employees of the Executive Branch of the federal government. The
Committee shall comply with the Federal Advisory Committee Act,
as amended, 5 U.S.C. App. 2. .

(b) The President shall designate a Chairperson from among
the members of the Committee.

Section 2. Functions. (a) The Advisory Committee shall
report to the President through the Secretary of Defense, the

Secretary of Veterans Affairs and the Secretary of Health and

Human Services.



(b) The Committee shall provide advice and recommendations
based on its review of the following matters:
(1) Research: specifically, epidemiological, clinical and

other research concerning Gulf War veterans’ illnesses.

(2) Coordinating efforts: specifically, the activities of

the Persian Gulf Veterans Coordinating Board, including the
Research Coordinating Council, the Clinical Coordinating Council,
and the Disability/Compensation Coordinating Council.

(3) Medical treatment: specifically, medical examinations

and treatment in connection with Gulf War veterans’ illnesses,
including the Comprehensive Clinical Evaluation Program and the
Persian Gulf Registry Medical Examination Program.

(4) Outreach: specifically, government-sponsored outreach
efforts such as hotlines and newsletters related to Gulf War

veterans’ illnesses.

(5) External reviews: specifically, the steps taken to

implement recommendations in external reviews by the Institute of
- Medicine’s Committée to Review the Health Consequences of Ser&ice
During the Persian Gulf War, the Defense Science Board Task Force
on Persian Gulf War Health Effects, the National Institutes‘of
Health Technology Assessment Workshop on the Persian Gulf
Experience and Health, the Persian Gulf Expert Scientific

Committee, and other bodies.

(6) Risk factors: specifically, the possible risks

associated with prophylactic drugs and vaccines; infectious



diseases; environmental chemicals, radiation and other toxic
substances; smoke from oil well] Tfires; depleted uranium; physical
and psychological stress; and other factors applicable to the

Gulf War.

(7) Chemical and Biological Weapons: specifically,

information related to reports of the possible detection of
chemical or biological weapons during the Gulf War.

(c) It shall not be a function of the Advisory Committee té
p;ovide advice or recommendations on any legal liability of the

Federal Government for any claims or potential claims against the

Federal Government.

(d) As used herein, “Gulf War Veterans’ Illnesses” means
the symptoms and illnesses reported by U.S. uniformed services
personnel who served in the Gulf War.

(e) The Advisory Committee shall submit an interim report
within six months of beginning its work and a final report by
December 31, 1996, unless extended by the President.

Sec. 3. Administration. (a) The heads of executive

departments and agencies shall, to the extent permitted by law,
provide the Committee with such information as it may require for
purposes of carrying out its functions.

(b) Members of the Committee shall be compensated in
accordance with Federal law. Committee members may be allowed

travel expenses, including per diem in lieu of subsistence, to



the extent permitted by law for persons serving intermittently in
the government service (5 U.S.C. 5701-5707).

(c) To the extent permitted by law, and subject to the
availability of appropriations, the Department of Defense shall
provide the Committee with such funds as may be necessary for the

performance of its functions.

Sec. 4. General Provisicens. (a) Notwithstanding the

provisions of any other Executive Order, the functions of the
President under the Federal Advisory Committee Act that are
applicable to the Advisory Committee, except that of reporting
annually to the Congress, shall be performed by the Secretary of
Defense, in accordance with the guidelines and procedures
established by the Administrator of General Services.

(b) The Committee shall terminate 30 days after submitting
its final report.

(c) This order is intended only to improve the internal
management of the executive branch and it is not intended to
create any right, benefit, trust, or responsibility, substantive
or procedural, enforceable at law or equity by a party against

the United States, its agencies its officers, or any person.

THE WHITE HOUSE
March Tis9i9)5



DRAFT
CHARTER
PRESIDENTIAL ADVISORY COMMITTEE ON
GULF WAR VETERANS’ ILLNESSES

Official Designation: Presidential Advisory Committee on

Gulf War Veterans’ Illnesses (“Committee”).

Objectives and Scope: The Committee shall review and

provide advice and recommendations on U.S. government
activities related to the symptoms and illnesses reported by
U.S. uniformed services personnel who served in the Gulf
War. Executive Order = . , of March -, 1985, governs the

Committee’s functions.

Description of Duties for Which Committee is Responsible:

The duties of the Committee are solely advisory. The
Committee shall provide advice and recommendations based on
its review of the following matters:

Research: specifically, epidemiological, clinical and other
research concerning Gulf War veterans’ illnesses.

Coordinating efforts: specifically, the activities of the

Persian Gulf Veterans Coordinating Board, including the
Research Coordinating Council, the Clinical Coordinating
Council, and the Disability/Compensation Coordinating
Council.

Medical treatment: specifically, medical examinations and

treatment in connection with Gulf War veterans’ illnesses,




including the Comprehensive Clinical Evaluation Program and
the Persian Gulf Registry Medical Examination Program.
Outreach: specifically, government-sponsored outreach
efforts such as hotlines and newsletters related to Gulf War
veterans’ illnesses.

External reviews: specifically, steps taken to implement

recommendations in external reviews by the Institute of
Medicine’s Committee to Review the Health Consequences of
Service during the Persian Gulf War, the Defense Science
Board Task Force on Persian Gulf War Health Effects, the
National Institutes of Health Technology Assessment Workshop
on the Persian Gulf Experience and Health, the Persian Gulf
Expert Scientific Committee, and other bodies.

Risk factors: specifically, the possible risks associated

with prophylactic drugs and vaccines; infectious diseases;
environmental chemicals, radiation and other toxic
substances; smoke from oil well fires; depleted uranium;
physical and psychological stress; and other factors

applicable to the Gulf War.

Chemical and Biological Weapons: specifically, information

related to reports of the possible detection of chemical or

biological weapons during the Gulf War.

Period of Time Required: The Committee shall terminate

thirty days after submission of its final report. The

Committee shall submit its final report to the President



through the Secretary of Defense, the Secretary of Veterans
Affairs and the Secretary.of Health and Human Services by
December 31, 1996, unless extended by the President.

Official to Whom the Committee Reports: The Committee shall

report to the'President through the Secretary of Defense,
the Secretary of Veterans Affairs and the Secretary of
Health and Human Services. The Committee shall submit an
interim report within six months of beginning its work and é
final report by December 31, 1996, unless extended by the
President. The final report shall include advice and
recommendations on U.S. government efforts in the areas
identified in section 3 of this Chartér, including means of
enhancing the U.S. government response to Gulf War
veterans’ illnesses and for future planning.

The Agency Responsible for Providing Necessary Support:

Financial and administrative support shall be provided by

the Department of Defense.

Membership: The President shall appoint up to ten (10)

members to the Committee from the private sector with the
stature and expertise related to matters outlined in
sections 2 and 3 above. The President shall‘designate a
Chairperson from among the members of the Committee.

Estimated Annual Operating Costs and Staff Support Years:

It is estimated that the total annual costs of operations

for travel, per diem, consultant fees, staff support and



10.

15040

12l

other incidental costs will not exceed $ . Full time
equivalent staff support years are anticipated to be

years of effort.

Number of Meetings: The Committee shall meet as it deems

necessary to complete its functions.

Subcommittees: To facilitate functioning of the Committee,

subcommittee (s) may be formed. The objectives of the
subcommittee(s) are to make recommendations to the Committeé
related to the responsibilities of the Committee.
Subcommittees shall meet as the Committee deems appropriate.

Termination Date: The Committee shall terminate 30 days

after submitting its final report. This charter must be
renewed two years from the date filed below.

Date Charter Filed:




Terms of Reference
for the
Presidential Advisory Committee on
Gulf War Veterans’ Illnesses

Statement of Mission: The Committee shall review and provide
advice and recommendations on U.S. government activities related
to the symptoms and illnesses reported by U.S. uniformed services
personnel who served in the Gulf War (hereinafter referred to as
“Gulf War veterans’ illnesses”).

This committee draws its authority from Executive Order (add
number) .

Areas to be Studied:

Research: specifically, epidemiological, clinical and other
research concerning Gulf War veterans’ illnesses.

Coordinating Efforts: specifically, the activities of

the Persian Gulf Veterans Coordinating Board, including the
Research Coordinating Council, the Clinical Coordinating
Council, and the Disability/Compensation Coordinating
Coured s

Medical Treatment: specifically, medical examinations

and treatment in connection with Gulf War veterans’
illnesses, including the Comprehensive Clinical Evaluation
Program and the Persian Gulf Registry Medical Examination
Program.

Outreach:. specifically, government-sponsored outreach
efforts such as hotlines and newsletters related to Gulf War
veterans’ illnesses. ¢

External Reviews: specifically, steps taken to implement
recommendations in external reviews by the Institute of
Medicine’s Committee to Review the Health Consequences of
Service During the Persian Gulf War, the Defense Science
Board Task Force on Persian Gulf War Health Effects, the
National Institutes of Health Technology Assessment Workshop
on the Persian Gulf Experience and Health, the Persian Gulf
Expert Scientific Committee, and other bodies.

Risk Factors: specifically, the possible risks associated
with prophylactic drugs and vaccines; infectious diseases;
environmental chemicals, radiation and other toxic
substances; sm2ke from oil well fires; depleted uranium;




physical and psychological stress; and other factors
applicable to the Gulf War.

Chemical and Biologicg}_Wéapons: specifically, information
related to reports of the possible detection of chemical or
biological weapons during the Gulf War.

Work Products: The Committee shall report to the President
through the Secretary of Defense, the Secretary of Veterans
Affairs, and the Secretary of Health and Human Services. The
Committee shall submit an interim report within six months of
beginning its work and a final report by December 31, 1996,

unless extended by the President. The final report shall include
advice and recommendations on U.S. government efforts in the
areas described above, including means of enhancing the U.S.
government response to Gulf War veterans’ illnesses and on future
planning. -
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