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ABSTRACT

The sensitivity of the eye’s reaction to a wide variety of chemicals/toxins and its role as a gauge for internal
homeostasis (e.g., cardiovascular and neurophysiological imbalances) has been extensively researched via
many scientific disciplines. New techniques and equipment are both harnessing and utilizing this
information to define a modern approach to the field of non-invasive early detection of a vast range of
physical abnormalities, injuries, and illnesses. Early detection provides an invaluable tool in the
subsequent success of treating such conditions. The application of these techniques to the detection of
exposure to chemical threat agents such as organophosphate nerve agents and cyanide provides an
important advancement in the ability to limit the deleterious effects of these agents. The Ocular Scanning
Instrumentation (OSI) technology involves the use of an automated device for the continuous or
programmed monitoring of optically apparent characteristic(s) and attributes of the eye that may serve as an
early-warning system for possible complications based upon generalized information obtained from ocular
biomarkers. Described herein is the analysis of primary ocular biomarkers for organophosphate (miosis)
and cyanide (venous blood coloration) exposure.
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1. INTRODUCTION

There exists a prolific amount of current scientific literature identifying the eye as a prominent indicator for
various hazards and/or diseases to which individuals may be exposed. This indicator function of the eye is
born from its tight interconnection with the cardiovascular, circulatory, lymphatic, ectodermal, and nervous
systems. Consequently, apparent ocular symptoms may be employed for a variety of diagnostic purposes.
Based upon this premise, we are developing a novel technology for the automated and non-invasive
assessment of ocular characteristics for diagnostic evaluations. This Ocular Scanning Instrumentation
(OSI) employs a series of sensors packaged into multiple embodiments of self-contained diagnostic
devices. Subsequent to obtaining the ocular data, a definitive diagnosis is provided to the user based upon
algorithmic analysis of the matrix of detected biomarkers. Field uses of this technology include
triage/emergency response for the discernment of exposed individuals, for treatment determination, and as
a screening tool at ports of entry to identify individuals exposed to sublethal levels of various chemicals
and biological neurotoxins.

Two common threat agents which are of immediate concern include the organophosphate nerve agents and
the cyanides. The most toxic of the chemical warfare agents are the nerve agents, such as Tabun, Sarin,
Soman, Cyclosarin, and VX. These agents are the most potent chemicals from a group of compounds
known as organophosphates (OPs) and are distinguished by their high acute mammalian toxicity. The OPs
share a similar chemical structure and are derivatives of phosphoric or phosphonic acids containing two
alkyl groups and a leaving group. The primary acute toxicological effect of the OPs is to inhibit the
enzyme acetylcholinesterase (AChE). The cyanides (cyanogen bromide, cyanogens chloride, hydrogen
cyanide, etc.), on the other hand, are the least toxic of the known chemical warfare agents. However,
though these agents may be less potent in their lethality, they act very quickly and thus diagnosis and
subsequent actions to combat their effects must commence promptly after exposure. Cyanide acts by
combining with the ferric ion in mitochondrial cytochrome oxidase, preventing electron transport in the
cytochrome system and, thus, bringing oxidative phosphorylation and ATP production to a halt. Though
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fully oxygenated, the cells cannot utilize the oxygen and thus increased demands are placed on anaerobic
glycol)llssis. This results in lactic acid production/accumulation and eventual cell death due to histotoxic
anoxia ~.

The present study investigates the validity of specific ocular biomarkers for the diagnosis and monitoring of
exposure to anticholinesterases/organophosphates and cyanide. Combining this data/information with that
already available in the scientific literature will allow for the subsequent development and employment of a
matrix of biomarkers which may be best suited for the timely, accurate assessment of an individual possibly
exposed to one of these agents. Once fully investigated, these data will serve as the fundamental backbone
for the analysis algorithms required for integration into our non-invasive diagnostic technology, the Ocular
Scanning Instrumentation.

2. METHODOLOGY
2.1 Organophosphate/Anticholinesterase

The signs and symptoms of OP poisoning are similar regardless of the agent or the route of exposure
(though there may be additional local effects with liquid application or vapor exposure) and may be divided
into three groups: muscarinic, nicotinic, and central. The initial and most prominent of these effects are
extreme miosis (pinpoint pupils), spasm of the ciliary muscle of the eye (leading to blurred or dim vision),
conjunctivitis (inflammation of the inner surface of the eyelids), eye and head pain, and hypersecretion by
salivary, lacrimal, sweat, and bronchial glands]"‘. Nicotinic effects of the OPs result from activity at
preganglionic sympathetic and parasympathetic nerve terminals as well as at the neuromuscular junction.
This activity may initially present as muscular hyperactivity (muscle twitching and cramping) but soon
thereafter leads to muscle weakness, and eventually paralysis. The central nervous system effects of these
compounds are typically wide ranging, with anxiety and emotional lability at low concentrations to
convulsions and respiratory paralysis at higher ones.

Investigation of ocular biomarker(s) for OP exposure was performed in a rat model (male Sprague-Dawley,
Harlan) exposed to various levels of the organophosphate pesticide, parathion (in corn oil), via both
intraperitoneal (I.P.) and direct ocular application. Parathion is a non-volatile anticholinesterase with a
decreased potency compared to the nerve agents but identical clinical symptomology at equieffective
doses*’. TInitial experiments were conducted to validate/confirm literature LDs, values for intraperitoneal
exposure. Subsequent to LDs, validation in a small group of animals, various ocular biomarkers were
evaluated for potential diagnostic capabilities. Of these, miosis (pupillary contraction) was found to be far
more sensitive and consistent for a wide range of doses. For this reason, it is the miotic effects of parathion
which are highlighted for the present communication.

For the initial studies, animals were weighed and then briefly anesthetized with the inhalational anesthetic
halothane and given 1.P. injection of parathion. The parathion stock concentration was chosen for each
group of animals such that the total volume administered to each animal was less than 1 ml but greater than
0.2 ml. The data derived for exposed animals was in relation to individual controls (i.e., control pupil
diameter values were obtained for each animal prior to injection of parathion). For proper control
purposes, a group of animals (n=7) was given 1ml corn oil L.P. to ensure lack of miotic effect of the vehicle
(see Figure 1). Test animal pupils were monitored and recorded continually post-injection of parathion for
a period of 60 minutes under very low light intensity conditions (1.7 cd/m?). At specific time points during
these recordings (5, 10, 15, 30, and 60 minutes), the animals were subjected to “steps” in light intensity for
pupillary light response analysis. For each time point indicated, this involved 1 minute of high intensity
lighting (80 cd/m?) followed by return to baseline low level lighting intensity (1.7 ¢d/m?). Though the
restricted time analysis may not allow for full dark/light adaptation, it did supply sufficient responses for
temporal analysis of early pupillary light reflexes around each time point investigated.

In addition to the intraperitoneal studies described above, groups of animals were also exposed to direct
ocular parathion to better simulate likely terrorist exposure (vapor exposure to the eyes and respiratory
tract). These studies were conducted identically to those described above except that rather than I.P.
injection, the left eye was exposed to 0.05 ml of the parathion concentration for a period of 3 minutes and
then flushed with saline. Both eyes were subsequently measured for miotic responses and data acquired
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from the left eye are included in the present manuscript. All data were obtained using an infrared CCD
(charge-coupled device) camera linked to computer image acquisition software.

2.2 Cyanide

In a terrorist exposure setting, casualties will likely be due to exposure to cyanide gas (c.g., inhalational).
The initial diagnosis of acute cyanide toxicity is primarily a clinical one based upon rapid onset of central
nervous system toxicity (excitement, dizziness, headache, weakness, etc.) and cardiorespiratory collapse.
From an ocular perspective, mydriasis (pupillary dilation) is one of the most common symptoms. In
addition to mydriasis, acute exposure to cyanide vapor causes blepharospasm (spasmodic, jerky eyelid
movements), conjunctivitis (inflammation of mucous membrane on the inner surface of the eyelids),
keratitis (corneal inflammation), and, most importantly, an equally bright red color of both the retinal
arteries and veins®. This latter property is a very specific signal that oxygen is not properly being extracted
from the blood by tissues and is indicative of cyanide poisoning. The hypothesis of the present study is that
the highly oxygenated and subsequently bright red coloration of both the retinal arteries and veins may be
utilized for differential diagnosis of cyanide poisoning.

For all experiments, potassium cyanide (KCN) was dissolved in normal saline such that a volume between
0.2 and 1.0 ml would be injected subcutancously (S.C.). Similar to the parathion experiments, post-
injection data was compared to control data obtained prior to injection of KCN for each animal. In
addition, a group of animals were given 1.0 ml saline S.C., serving as a control group. These studies have
been performed with a modified fundoscope for imaging the internal regions of the rat eye. Due to the
requirement of having the animals remain very still during recording, long term anesthesia with a
ketamine/xylazine mixture (Sigma) was induced prior to recording. In short, experimental procedures were
as follows: animals were anesthetized with ketamine/xylazine, weighed, and then placed on an adjustable
platform in position for proper fundoscopic imaging. Approximately, 10-15 minutes after anesthetic
induction, a needle (23-gauge) attached to a 1ml syringe containing KCN was inserted under the skin and
between the rear shoulder blades of the animal. Baseline fundoscopic imaging was then continually
recorded. 5 minutes after the beginning of recording, the plunger on the 1ml syringe was depressed,
subcutaneously injecting the animal with KCN. Images were continually recorded for 60 minutes or until
death (whichever came first). Arteries and veins were identified and subsequently isolated based on
characteristic presentation (caliber, location, etc.). When possible, A-V pairs (adjacent artery and vein)
were evaluated to further minimize any illumination-induced measurement errors.

3. RESULTS
3.1 Organophosphate/Anticholinesterase

The literature LDs, value for rats exposed to intraperitoneal (I.P.) parathion is 2 mg/kg. The findings in the
present study were consistent with this value — extrapolated LDs, value from concentration-response curves
was 2.47+0.67 mg/kg. The lowest dose found to be lethal within 48 hours of intraperitoneal injection in
any animal tested was 1.00 mg/kg. Death occurred for only 1 of 5 animals tested at this dose. An example
of the miotic effects of parathion is illustrated in the series of pictures in Figure 1, showing the response of
the pupil to LP. injection of 100ug/kg at various time points. Miosis of the pupil in this figure is clearly
observed (highlighted by the arrows) and captured via the video imaging system applied in this study.

For every concentration of parathion tested, pupillary contraction responses reached a maximal level within
15 minutes of administration (Figure 2). At concentrations above 1 mg/kg, these maximal responses were
obtained in even shorter periods of time. Figure 3 shows a concentration-response curve for pupillary
contraction 15 minutes after LP. injection of parathion. Extrapolated ECs, indicates a value of
approximately 11.7+1.9 pug/kg.
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Figure 1. Images of rat eye showing miosis of the pupil before (control) and after intraperitoneal exposure to 300 pg/kg
parathion. Scale (bar) at lower left of image represents 1 mm. Arrows on images highlight edges of pupil for greater
clarity. Images were captured via a CCD camera linked to a video capture software. Light intensity was 1.7 cd/m®.

S 100 —n  ——300 pg/kg
B o —7  ——100 pg/kg
£ —o— 30 pg/kg
3 60 —e— 10 pg/kg
E 40- ‘i ——3 ug/kg
'é ——1 uglkg
20 —3 0.3 ug/kg
® —3 —=— Control (Corn Oil)

N
w |
o

0 5 10 15
Time (minutes)

Figure 2. Pupil contraction after various concentration of parathion injected intraperitoneally. All values have been
normalized to the maximal pupillary contraction observed among all parathion exposed animals (92.7%; 1 mg/kg).
Light intensity = 1,7 cd/m’. Error bars represent +S.E.M.
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Figure 3. Concentration-response curve for Sprague-Dawley rats 15 minutes after L.P. injection of parathion. The 15
minute time point has been chosen for illustration as it is the earliest time point analyzed which yielded an equilibrium
ECs, value (i.e., did not change with increased exposure latency). All values have been normalized to the maximal
pupillary contraction observed among all parathion exposed animals (92.7%; 1 mg/kg). Light intensity = 1.7 cd/m?,
Error bars represent £S.E.M. Extrapolated ECsg is 11.7x1.9 pg/ke.

The pupillary light reflex was also analyzed in these animals. Though this reflex (contraction of pupil in
response to increased light intensity and dilation of the pupil in response to decreased light intensity) was
altered and sometimes absent in animals at lower doses of parathion, it was not completely absent for all
animals until the dosing reached a level of 3 mg/kg (ECs, for loss of pupillary light reflex = 953+69 pg/kg).

Direct ocular exposure of parathion was also examined to mimic a likely exposure route to the agent in the
event of a terrorist release. Figure 4, shows the concentration-response curve for 5 minutes post-direct
ocular exposure to parathion. The earlier time point was chosen for these studies as miosis developed much
more rapidly via exposure by this route. ECs, for pupillary contraction subsequent to direct ocular exposure
(3 minutes) was 147136 ng/kg.
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Figure 4. Concentration-response curve for Sprague-Dawley rats 5 minutes after direct ocular exposure to parathion.
All values have been normalized to the maximal pupillary contraction observed among all parathion exposed animals
(93.1%; 3 ug/kg). Light intensity = 1.7 cd/m’. Error bars represent +S.E.M. Extrapolated ECs, is 147+36 ng/kg,
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