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POREWORD
S ST
- The bulk of the material which follows was transcribed from the

proceedings of a two-day conference on biological aspects of chemical
defense. In the meeting, six representatives from the Department of
Defense exchanged views on the subject with an equal number of civilian
scientists whose scholarly interests touch on various aspects of the
overall chemical problea.\

The exchange between military and civilian, as well as between the
civilians themselves, was both heartening and productive. Attached

- letters from the military participants speak to the ut'lity of such
meetings.

Thanks are due the Air Force Office of Scientific Research, esbecially
Colonel Robert Sigethy, Commander, and Or. Donald Ulrich, Program
Manager, for their interest in and support for the meeting.

Special thanks to Dr. Philip Rosenﬁerg for editing the transcript and to
Sybi]l Rosenberg and Laura Lucier for transcribing and typing.
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- LINDSTROM:

Welcome to this Workshop on Problems in Chemical Toxicology.
I am pleased to introduce Major Wallace Deen from the Medical
Intelligence and Information Agency, (U,S. Army) who will describe
their responsibilities and findings. '

DEEN:

The Medical Intelligence and Information Agency has 26 people.
In recent years with ‘the chemical warfare threat we are getting
resources to try and find out more about what Soviets are doing with
chemicals. ' I would like to review some of the known chemical warfare
activities going on. To give you what we have, not aa official policy,
on the Soviet threat and the way we see the Soviets equipped, how they
might employ their weapons and a little bit on the Soviet R and D
+effort. Just recently, we had four very significant reports of
chemical use; use in Laos And Cambodia are well substantiated and in
Afghanistan there is increasing evidence that it is being used. The
Laos and Cambodian use i3 very similar to what the way the Egyptians
used chemicals in Yemen, and there are some allegations of chemical use
in Yemen, that is mustard gas, however, there is no proof of that. 1In
Laos and Cambodia there seems to be three agents that they are using,
tear-gas or CS which is non-lethal for most normal and healthy individuals.

Then they are using a nerve agent of unknown origin probably an.
organphosphate, but that is just a guess. Then a third unknown
entity, that causes very rapid hemorrhage of the upper respiratory
tract and death in a period of ten minutes to 24 hours. In Afghanistan
there has also been reported some use of chemical warfare agents
according to the refugees coming out. The military people say, "If I
were a Soviet soldier in Afghanistan and wanted to get these people out
of the mountains, what is the best way to do 1t?" The Soviets had a
terribl: experience in World War I where half of their casualties were
from chemicals and they have not forgotten this. Since that time they
have had an attachment to g-ses, and they have maintained some effort
in the chemical warfare program ever since. The Soviets are well
equipped and most important carry out extensive practice. Every major
Soviet base has a chemical warfare training group.

The Soviets do train with live agents. For those'of you that are
not militarily inclined, let me explain how the Soviets might use
chemical attacks in an area with or without nuclear weapons against
troops.



Soviets Front Repair Garages Supplies
_ﬁ Lines .Major Hospitals
c . t
Z Misgile
N Delivered
I Thickened
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D :
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Thickened i Persistent L L
~ Soman Cheniical Agent
Btizgdé ‘ Division Corps
("Xitchen Cabinet") ("Grocery") ("Warchouse"

We basically have our 'forward battle positions while militarily we
are behind this brigade. If the Soviets were to attack first it would
be a surprise and it would be about 3ix o'ciock in the morning. What
you would most likely see them do 15 to atiack in the brigade area;
they are not great on development - they would jvst hit head on. They
have capabilities of putting down a lethal cycnide barrage in about
30 seconds and of holding it there for 3G minutes. They will do this with
artillery and ro~kets. In order to keep vou from suoplving into the
brigade area from the side they would use some persistent agent such
as "thickened" Soman or you could use mustard gas just as well. You
would probably figure that they would move about 100 kilometers the
first day. The big problem you have using persistent chemicals is
that 1f you are successful what you end up with is contamination of your
own equipment and zones. You need something that you can gat out to
do its business and then get rid of it. Cyanide works very good with the
Soviets. They can get their people moving, lay dcwn their cyanide
barrage, have it do its work and when the first Soviet troops arrive
they don't even need their masks. Our people on the other hand are
suited with their protective gear and have more difficulty maneuvering.
Then back in the area here they would use missile delivered thickened
Soman. Basically 1if you want to talk about a quick agent. If this
arca has rome terrain they do not have any use for. You got a multiple
threat you also have a propensity for taking their literature about"
phosgene. They do not like to fight in a persistent chemical environ-
ment. Soviets have spent a great deal of money on chemical reconnaissnce
teams so that they can delineate this area of persistence and tell
their troops to avoid it. It sc¢ems to indicate that most of their
chemical protection is directed tovards getting across these con~
taminated areas not fighting in them. This is a little different
from the U.S. policy, we say we can fight in a contaminsted ares. We
would have no choice.



I see two very interesting things in the Soviet R & D. One of
the most fascinating is their open literature reporting all chemical
poisoning incidents. They seem to have Toxin decontamination teams
to clear out and investigate accidents.

This is one thing they have been able to do to put together a
central toxin - monitoring so that they can take advantage of
fortuitous accidents civilians suffer. They manage to put it together
go they can exploit data from real cases. This is based on about
150 papers this group has published over a 10 year period. They are
very conscious of the antidote problem. Apparently Czechoslovakia
among the satellites 1is doing a great deal of work while Rumania is
pursuing a more independer.t path. The Soviets themsrlves have one
set of antidotes for the military and one for the civilians.

The Soviets have been working this chemical effort with the organic
phosphorus compound since the end of World War II at high speed., They
are terribly conscious of the risks to unprotected troops and they've
done all they can to protect their troops. Probably the other point
I wouldn't restrict ourselves to ‘ooking only at primery threat agents,
They have all capability for example to exploit the carbamates, I
know we haven't solved the phosphorus problems yet there may be other
‘problems down tne road.

DISCUSSION:

But what is the situation if a war should start. Would the Russians
start using their war gases immediately. There are a half a dozen
different scenarios one of which says that the Russian conditional
capability is so good they don't need chemicals. You are looking at
a six-aay European war from t£ast Germany to the channel.

Nerve gas is organic to the philosophy of conveantional war. Every

" conventional weapon should be made to work in a nerve gas environment.
Out tanks suck air, dust, stones:' theirs are positive pressure. Their
mobile aircraft artillery are all positive pressure. Tank warfare
these days 18 reduced down to where the firat shot wins the engagement.
Whoever sees the other tank first then fires is the victor. This means
that the tank commander has to travel head up. You don't put the
hatch down anymore. Head up on a Russian tank you hsve enough air flowing
by your head that - _.u can survive the chemical attack. an American
tank head up you are sucking air past your head, and if you button up
of course you lose the tank engagement. In terms of conventional
warfare they have been fully equipped for 20 years snd I think they

are now showing us that they are willing to use this.  Why not: - it

is a beautiful weapon. Why linit yourself.

A well-debated question is that is the {inter-:telationship between
nuclear, chemical and biological wurfare. Are they lined or are they
lined? Should war break out, would the use of chemical by either side
bring nuclear zetaliation or would the use of nuclesr wvarfare lead to
chemicals. I think that tne question is still open. Both sides in



the 3econd| World War had gases which have not been uaad widely but they
may hava been used somevhere else. That is a very complex situation,
however. (ermany thought we had liad nerve gas and nevar had chemical -
sgents been used against a protected adversary, It has baen alwaya
used on unprotected. Japan used it beautifully sgainst China in the
war against unprotected peopla. The Russians sre fully protacted

vhiie wa are not. A racent Scientific American article claims that

our troops| are vary well protected; for exsaple, that our clothing

is better nan tha Russian clothing. Thera are a few points not mada in
the article, about cyanide for instance. Cysnide breaks your mask

down ~> 1it|is renderad useless.

LINDSTRON:

Our néxt speaker is Lt. Col. Tom Butler. Tom is in the Afir Forca
in tha Aerospace Medical Division.

BUTLER:
I want to tell you sbout the Aarospace Madical Division., Thera
{s not a manager in any buresucratic typa ajency that doesn't lika to

have organi{zational charts and talk about t :ssions. The Aarospace
Medicai Division is responsible for saveral dbasic missions, clinical
ducation and rewearch. I don't want to lead you. to think
that tha resaarch we do aven though wa call it medical rasaarch is
what you think of ss medical research. Wa sra not in communicable
disesses, ve are not developing drugs for usa in hospitals. Our work
is more msg-centered. It {s mora in cspability anhancement and
safety, hagirh, How does man work in an ar-ironment, ae wall aa how
to perform better in a high-performance sa/ .plana.. That is tha type
of work that ve do, When you sra subjacted to a certain amount of g
forces, vibration, noise, etc., that is the genarsl typa of work ve
do. :

The Army is s primary agency for doing the jungla defensa type
work, The|Alr Force is concerned that the srmy does vhat wva want them
to Jo. Secgondly, is for us to look at Air Forca specific problenms.
Talking about pilots I wsnt to show you what a pilot wasrs. A pilot
puts on s cotton long johns, that is what ha essentially starrs off

. with. The|next thing he puts on is a charcoal impregnated undergarment

ensamble. |The naxc thing he does is to put on his flight suit. As

far ss gloves, he has a cotton liner, his rubber gloves and then ha

has his flight gloves on top on that. iou saa, ha i{s dealing with
three layers all way around; same thing axcept socks and boots. As

far as eye and respiratory protection, he has his mas«, then his
helmet on top of thst and ha has a vertilation pack in front., Of
course, he has to put on his parachuts, his g suit snd evarything alse.
You can see what kind of troubla ha would have. Ha might have some
trouble with vision snd with those layers of glovas he might have a

on top of 1he cotton johns. This is whst we csll the protective



little trouble working his controls. In high performance eirplanes,

how well they can do their job is something we are all interested in.
‘Some of the pilots cut the ends of their gloves in order to be edle to
feel the switches end controls. We ere now ettemnting to come up with
our third generation of flight gear.  The {idea {s to come up with lighter
veight materiels, cut down the layers, cut down the heat, cut down the
breathing resistence thet the filters end mask givea, and improve their
dexterity. So if somebody cen come up with better material, better
filters, better masks, stc,, that ie vhat we need to do. The areas of
reseerch ve do ere broken down into four cetegories: a) individual
protection, b) detection and warning, ¢) medical, end d) performance.

As fer es individuel protection, these ere the erecaa ve ere interested
in. We need to know when to button up in thoe: suits; we need to

know when the erse is all clear. We naed det! :tors snd all clear
devices. We need service lifs indicetors, th ngs like filtsras.

Datection and Werning:

Need to know when erea is sll cleer - when protsction is needed

All clear detectors/Dosimeters
Detection for wetsrborne egents

Joint Service Requiremants:

1. Artidotes end Prophylactice

Effective without being incapecitating
2. Treetment in protective equipment

Druge end supportive techniquaes
3. Simulants

Agent effects on aircrew performance snd effectivness of
decontamination

Prophylaxis:

Orsl Administration snd effective for 12-24 hours (Iauod'on time
needed for cleanup)

Protection against moderate exposure without therspy
Compatible with therspy

No Impact on mission performance

FDA approved

{mwunization - permanent protectiun?

Therepy:
Effective in defined dosage
Minimal i{ncapacity due to therapy

FDA approved



If you can gat a pill or shot that ie a prophylactic it has got to
be one that doesn't interfare with performance in an airplaina, or alse
what good {s it. Tha other is, as far as en antidota goes, tharapy
ie the sane kind of criteria. 1If a pilot has en entidote and gives
it to himsalf and he can't fly tha eirplane, the antidote ia no good.

Here's anothar problem. Por us to use & lot of live egante in
the rassarch situation doee rnot make paople tco happy. Wa naad
einulants. Thers ie no one single ideal simulant end we naad a whola
fanily,

SIMULANTS:
' Needad for:

Larga scale fiald axercises;
Crev aquipment training;
Duplication of miosis effect in lab parforaancc studiae;
Tasting affectivaness of decontamination must be
YDA spproved and detectable at agant threat lavals

We may naed one that simulates a thickened agant to liarn how to
decontaminata and sae how effectiva the decontamination procedures
are. S0 you need ¢ whole family of simulante. Simulante from the
Air Porce etandpoint ie our biggest problem right now,

DISCUSSION:

The Army's current doctrina (s that at the first sign of in-
coming ertillery you put on the mask. If you ere cevght in e gaa
‘attack tha question ie do you use your antidota to put yourealf out
of commiesion or do you teke a chanca cf having got anough gas to put
youreslf out of cosmission. Either wey you ere et & lose. In the wedical
erae I went to point out anothar problem. If you take e soldiar,

{f you will, or a pilot and he's in tha protactiva loucnblo and you
hava to get him into e hospital to ba trsated. you'va got to decon-
taminata that individual wvho may hava various lesions. You cen sae tha
problea in taking simpla things like pulsa, blood pressure, checking
vitel signe, or trying to give him an IV injection. Thare are
numerous problems {n that area for us to concarn ourselves with, 1

" would like to add e couple of points: 1) The Air Porce is not raally
haartless in caring only for pilots: I want to point out that tha
mige of paople are ganarelly tha Armvy'g bailiwick. The Afr Forca
can only work on thinge that are paculiar to them and from the
practical etandpoint the fallov in ell that gerdb in the air o e

daad man. There is no wey ha could fight. I have a numbar of houra
in tachnical atircraft; you spend time trying to develop e¢ way to scan
avery dagres availabla eince to look i{e life. Tha pilot ia in s
difficult end complicatad situation; ha'e got e dozen switches on

hia sida stick and muat wveer tha Nomex glova bacausa of tha fire




hazard (Nomex gloves ere fire retardant). They cut the fingars out
of them because you cen't find the switches with the glovee on.

So you develop ell the five protective geer then you short circuit
the geer end lose its effectivness by cutting all tha fingers and in-
creesing visibility on you do all kinds of things.

Keep in mind that the Russian personnel carrier ie .behind thair
soldiers end cen get in there clean end he can ride in that thing through
anything he wante to and we can't, because of the positive pressure
which they have in their motorized unite. It'e not easy to change now
thet we've got billions of dollars worth of tanks sround that suck
up gravel into them. The Russians would go through the contaminated

aras and then fight bayond it: who wants to fight in a contaminated afu.

LINDSTROM:

I am nov pleesed to cell on Dr. Clyde Replogle of tha Aeroepace
Medical Reeeerch Ladb who will continue this discussion.

REPLOGLE:

As e matter of fect in our enalyeie eny pilot who goae into
treetment we write off es e cesuelty of wer end ee far aa I am concerned
that ie losing the wer. We ere interested in how & pilot doas his
job. The army definition of e cesulety is mayba & guy who can't dig
a fox hole anymore while the Air Forca definition of a casualty may .
ba e pilot flying et 100 feet off the deck at 250 knote end having
to roll it over to loee altitude beceuee ha reelly doesn': want to
bounca the top. That ie an entirely different job. Our concepts
are entirely different but whet 1 em interested {n ara thase sort of
things related to eir operetions. Whst happans vhea you do put the
chemicel geer on, of course, and how do you equate doea ve. protection?
If 1 am going to say I had e design fector of 10%, 105, or vhatavar,

I get lems dose exposure but more encumbrance. e thera an
optimizetion procedure thet I cen go through? When I talk ebout Air
Yorce teilored antidotes whet I meen ie lete lat ue vorry about
morbidity more than mortelity. If you give e premedicetion thet ends
up with e lot of very soft stool you cen end up losing the war. A lot
of our work io in visuel performance, for obvious ressons.

Pretreetments:

TAB - Bed eide effects
2-PAM - Must be injected subconjunctively to countersct <{oeie
TMB-4 - Teken subcuteneously it may be quite toxic.

These ere some problems which 1 think I've alresdy spokan of.

We've been using TAB es sn antidote. TAB is, le e oxime plue
Benactazine which is en enticholinesterese protectant end etropeine



TMB-4 18 the oxime. Once you've taken one of those then your going
to have someone sitting next to you on the floor trying to convince
you that the world is really alright and you are going to come out

of the entidote. But you certainly are not going to fly the aircraft.
The next generation of antidotes is unknown but it ia being designed
by the Army and will be accepted by the Air Force and it won't work.
It may save a fev lives but when they wake up they're going to be on
the vrong side of the forward edge of the battle area. The Russians
vill be running the hospitals and they certainly won't be flying com-
missions in support of the Army, who developed the antidote, We

are the only laboratory in the country that is actually dosing humans
with organphosphorous compounds, snd making measurements. Sowmebody
mentioned that we might do something like stick 2~PAM on the eyes.
You would actually have to use a syringe and stick it through your
eye because 2~PAM won't penetrate the cornee. If you try to take
enough oxime to counteract miosis systemically, your going to kill
yourself. One of our biggest problems is this one: everybody says,
"Good heavens what we've got to do is protect man from nerve gas)'

end you don't have to. . Just protect the man a sufficient degree from
nerve gas. A little spot of thickened Soman on your arz isn't going
to hurt you; just wash it off. A little bit of Sarin vaipor doesn't
hurt you; just don't stay out in the rein, come in, take a shower

end get the etuff off., But don't go to a physician and get treeted
beceuse ysu'll be out of the war., Now, if you get a big dose go to

@ physician and get treated because you'll be out of the war either
vay.

Now we can't trade off this cumbersome gear that you've seen .
which was designed with e magic number in mind that was done on the beck
of an evelope in 1973, Nobody knows whether this degree of protection
is necessary or not. In order to say whether it is neceasary you
have to say o.k. here ere the effects of the ensemble, but how do you
measure the effects of the ensemble? You do not mesasure the effects
by rectal temperature, you mesaure them by mission effectiveness,
becsuse you're going to nave to compare it to the effect of the sgent
and if you measure the rectal temperature for the egent you won't
get anything. So you measure the mission effectiveness, how well
do I.fly an airplane, deliver ordinance and get back. What is'my
attrition rate, what is my kill rete. Given a dose of Serin, Soman
or vhatever, how well can I perform in the protective ensemble end
vhere ‘s the optimal designs point. For the last four years that I
know of the Army hes never submitted a protocol to do any human work
because there is e stigma ettached to doing a human reseerch with drugs,
certainly in the militury. So we looxed for a mimetic. In the work
ve did we used Phospholine iodine (Echothiophate). The reasons ve
used it was not because I though it was a good mimetic, although its
structure is very close to VX. It is a charged molecule and therefore
doesn’'t penetrate the eye very well, but it was in current use in
treatment of glaucoma, So I thought I could get epproval to plece
Echothiophate in the pilot's eyes a lot faster than anything else.

Sure enough I got approval so I put it in the eyes. Is it a good mimetic?
I don't know. Up until the time we did our experimentetion everybody




thought that the only visual problems with the organocphosphorus agents
was cycloplegia headaches, myosis. Why? Because it was the only thing
they looked for. The best thing to use I think, as a mimetic is DFP.
This was in cormon use for glaucoma before echothiophate came on the
market. The only reasons it is not used now is because it is not water
soluble and it doesn't have the shelf-like, so it has.to be put out in
oil. Then you get a lot more tearing and it is more difficult to
.measure eye pressure and so forth., Sarin went through clinicsni trials
for glaucoma. It is a perfectly decent drug. Sarin is probably the
safegt thing we could use right now as a mimetic, but because it is a
deadly nerve gas you would probably have to use DFP which is nearly

as toxic as Sarin. All the tests of vision of interest were done in
the 50's at Edgewood and at the chemical defense establishment at The
United Kingdom. What they did was the standard optometric examinations.

Visual Function

Contrast sensitivity function - contrast varies sinusodally -~
cycles per degree increases with increasing distance. Get

a spatial frequency.
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I introduced those of you that don't know about contrast
sensitivity functions or modulation transfer functions to the
concepts very quickly. You look at e contrast grating whose, in
terms, contrast varies sinusoidally. I can measure that gratings
contrast in terms of cycles per degree and its emplitude of course in the
ratio of the contrast. As I back away from the blackboard for instance
the cycles/per degree increases, you've got to understand that or I'm
not going to go any further. As I come closer the number of cycles
in the particular angle goes down and es I beck awvey it goes up. So
I could draw little tiny, tiny marks and 1'd have a very high spatial
frequency, or very broed marks and I'd have very low spatial frequency.

Now, if 1 take contrast sensitivity versus abatial frequency that
is I show you a whole bunch of these thinga vhere the bars are just
barely visible that I increase the contrest between the background



and the bars until you can gee them and I measure your contrast
sensitivity versus spatial frequency it looks like this in humans.

Now, in a good lens it looks like this. If I de~focus that view

graph what I am doing is filtering out high frequency. I can use them
as a high frequency filtering device. The peak of human response is
about 1 to 2 cycles per degree. A Snellens lens chart measures nothing
below 25 cycles per degree. If I take a plcture of one of your faces
and digitize it and filter out everything above 25 cycles per degree

and put it back together again. you would not see any difference at all.
Every important thing you do with your visual system occurs below

25 cycles per degree. Everything that was measured by anybody testing
chemicals on vision was done above 25 cycles per degree. Now, if you
want to change the correction for refraction in an eye you can do it

any place vou want, and it is vary convenient *o do it out here. So

it works out optometrically, but it doesn't help you understand visual
function. Visual function all happens below 25 cycles. So what do we ,
find when we put echothiophate in the eyes. At high spatial frequencies
we did not get any problem at all, remember measuring out here the
British said there is no problem at all. All they saw was miosis.

But we saw that right at the peak of vision there was a two-fold drop

in contrast sensitivity, which is much more important than miosis. One
of the other problems is that everybody says you have only two degrees
of good vision. Well, you know that is one of the greatest lies that
ever hit the textbook. What you have 18 two degrees in vision above

25 cycles per degree. By the fime you get off to 45 or 50 degrees,

‘you are down to 2 or 3 cycles per degree, which is very good vision out
there, It just happens to be low frequency spatial vision. That means,
of course, if you are losing low frequency spatial vision, not only are
you losing the ability to separate low contrast targets, but you are also
-losing the ability for perfect processing. Now picture the pilot a hundred
fect off the deck trying to fly; an airplane not being able to crnss '
his stated course. So we have a-bunch of vision people who didn't know
anything about chemistry and a bunch of chemists who dida't know about
vigsion. On this slide you see a low contrast aircraft and here is a
factor of two. Now if I had not told you that was an airplane and
you knew exactly where it was you wouldn't see it. One guy is going
to see that and one is not and that is with an extremely low dose of the .
anticholinesterase. What we are going to do, of course, is we are
going to try some DFP. One of the things we like hss been its extensive
use on normal human eyes. Leopold in 40's and 50's did hundreds of
experiments. .

(Dettbarn) Have you tried pylocarpine?

With pylocarpine the effects are so fast you can't measure the
major effects. Besides that you don't really know where the mechanisms
are operating although they are obviously retinal. To go very far
from an organophosphorous compound when I know I have an unknown me-
chanism in play is not appropriate. So what I would liks to do is stick
to an irreversible organophosphate and at least find out what I am
doing. Now, 1'm calling DFP a mimetic. DFP is just not a very good
‘chemical agent. It is just not toxic enough to work in bombs and I
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wouldn't call it terribly safe. It 13 the safest there 1s. It
would be nice to have the action if we understood what was going on.
Now there was work just finished by the Army using injections of
benactazine, and they got the same results on low contrast visual
changes (low frequency visual changes) as we saw. So here is a
systemic cholinesterase inhibitor giving the same thing.

(Dettbara) 1Is it as long lasting?

Well our effects are much longer. We did not see any symptoms
at all after a couple of days. We were using doses by the way, that
were only hitting one-tenth of our population. You have got to
increase the numbers as there is a tremendous idiosyancratic response
. to organophosphates. We are using very very low doses which is
difficult. Organophosphates are picked up, sort of attached to
melanin so brown-eyed people don't have difficulties wnen you put
echothiophate in their eyes. Blue-eyed people have all kinds of
problemas. Every one knows that, except that I did not know it, but it
has been in the literature for 30 to 40 years. We find that the red
hair, blue-eyed people we have tested (2) out of a .population of 60
or 70 people (you don't have too many of them) are very sensitive. '
What does that mean? I don't know. Just what is the mechanism of
action? I will tell you one thing, 1t's not a combination of spasm and
miosis and headaches. That i3 there all the time but that probably
isn't primary in an Air Force mission. If we're going tu use not
the real thing but a mimetic lefs find something that penetrates FP.

Protective Engemble = Problems

Thermal burden
Amount of protection afforded
means of quantifying threat - Duration and Amount

How to take oral antidote

39 .
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150

TImé RINUTES

J
I'm just going to go through protective ensemble very quickly be-

cause 1 understand that there probably isn't interest in this group
on protective ensemble but we still have a lot of troubles.
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(Comment from audience): You know there is an implication about this
protective ensemble, particularly in the mask. . That is if you have an
antidote that is taken orally you have to learn a good trick in order
to get your mask off, swallow your tablets and get your mask back on
without having a fatal error.

* We did this on a centrifuge in'a heat chamber that simulated sitting
on a runway with a canopy down using the same temperature that we found.
We simulated his flight his dropping bombs on the target and coming

.back and starting on the runway again. You see things like this on
rectal temperature; here is an individual that is taking a certain

kind of a burden. We also found people whose rectal temperature did
not go up at all and came'out with class 2 thermal problems being

red like lobsters, stopped sweating and about ready to die. We lost

- one third of our subjects; it didn't kill them. The siwulant problem
and we've got to understand these suits; these .are real tests with

real soman and in envirommental conditions systems. This was a
concantration put in the air and this is the cockpit concentration over
a period of time. Here is the best simulant but you can seée it goes
the wrong way at the wrong time as contrasted to observations with

" soman. One is going up while one is going down. Nothing we have for

a simulant to test is any good and this is the finest one. Col. Butler
mentioned methyl salicylate (oil of wintergreen) and its the worst one.
Everything we know about the efficacy of the equipment comes from

these simulants; so we know nothing, absolutely nothing! If anybody
thinks that you can measure rectal temperature or sweat rates or
dehydration or just anything that you might think of and predict what
primaty task performance is you've got a thrill coming, because you
can't do 1t. I wouldn't care about correlation with some physiological
measure as long as 1 could predict primary task performance given gome
environment and we've gone to the extent of measuring brain tissues,

C0, or brain tissue 0,, etc., to try to get at some of ihese problems.
Th% other problem is zhat the primary task performance turns out to be
the worlds worst thing to measure. You give a pilot the .directions
that he is to go out and bomb the target and you suit him up in this
stuff and you set him on the runway with a cockpit temperature 55°,

You leave him there for a while and you let him soak that and then you
take him off and he goes to some altitude where in some aircraft

they actually spit ice crystals out of the air-condittoning systens,
Then you have him go in for low level bombs while he's got this nice
greenhouse over the top of him and he starts cooking in there and

he delivers his bowbs and comes back. You'll find that those bombs are
on target every bit as well as in non-protective gear. He does his
primary task just as well, until he dies. What he does is, for
instance, tries to put up his landing gear while he's on the runway

or he accidentally f1liss through his own ricochet patterns or gains

two or three feet in altitude without knowing it or his air speed varies
a couple of hundred knots when he doesn't expect it, a couple of hundred
knots and these people are supposed to meet scross at a certain point
at exactly within fractions of seconds, They do everything wrong.

All the secondary rules fall apart but you say make sure that you've
got the bombs on target. So what happens usually, and as a matter of
fact we have a contract with David Kleinman, at this University, to do
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human control analysis. What they do, is give a very simple task to do

and they find out that the stress doesn't affect it at all. Well, it
doesn't, but If you had this myriad of cockpit tasks to perform you'd find
out that all kinds of things would b¢ falling apart that are extremely im-
portant to the overall mission. And we don't understand how to do it. That's
all the problems I have. We have a program by the way that runs out to 1986
at the moment which the headquarters have only seen it to the 85's and they
haven't got that yet, but we're talking about a baseline something like 9.9
million dollars. This is not a small problem and the basic research required
is horrendous and we're not doing it and we don't intend to do it. We intend
to brute force system answers so that we can get something back to the Air
Force right now but we won't understand the basic processes.

(Comment) It's common belief that the Department of Defens: can
do research, can develop various agents and things of that nature and not
have to worry about anything else but just do what we think is necessary.
I'd 1like to point out that we have to have almost everything FDA approved
and if we're using humans it has to go through very strict standards set
up by HEW. Talking about methyl salicylate, how long has that been around?
I mean how many years has it been prescribed? Yet we can't use it in a
research and had to go through human use and it was ungodly to get that
thing approved. 1I'm almost afraid if we developed another chemical warfare
agent we would have to get it FDA approved.

(Commgnt, Cohen) 1 must have missed something, because when
you were showing that bit about the cockpit, I don't understand why you
can't just use the agent if you're just looking at penetration of a uniform.

They obviously used the agent and I just showed the comparisons.
But that could only be done one place in the country and it has to be done
inside of a chamber in Dugway proving ground and to pull an airplane into a
chamber is a very interesting thing. The point I want to make is not on
environmental coditioning systems in aircraft because one can actually pull
the environmental condition systems from the aircraft and that is a "snake'
that is 30 or 40 feet long and costs maybe $200,000 to take one out and put
it back in again. I'm talking about the efficacy of the sui:. How long
does a suit work? I don't mean a guy standing like this in a salt fog. I

mean in combat zonditions do you expect a ratio of 104 to 1, inside and

out, or do you expect it to leak like a sieve? How are you going to do that
without pucting a man in there? Now we just put this stuff out (it was put
out on the back of an envelope) saying we need 104 to 1 ratios and no one
really knows whether it is optimal or sub-optimal. Now we've got it out and
no one rcally knows how good it is. So I've got to take real live people.

I have to do real live things incluaing pulling G in an aircraft and I've
got to subject tnem to real things. It's not only to get through it, but I
have to be able to detect it. If he takes {t up I have to be able to measure
it. I have to know what dose he got of {t. If I come out of my aircraft, I
obviously have to hydrate myself, I might even have to go to the bathroom.
So I go in and I take off all this stuff and then I put on something new, or
something old. How much do I pick up? You also have to remember that for
thirty days or so these doses are cumulative, so a little bit today and a
little bit the next day and a little tomorrow. You've got to have the data,
you've got to have a simulant.

13



{(Comment -~ Rosenberg) But the problem as you've described it
sounds almost insoluble. The type of simulant required but you're not
looking at it by the performance of one organ system, you re looking at
the performance of the entire individual.

No, .this simulant, all I've got to do is measure its concen-
tration in the person, I want to know how much of it got into the person
from the outside, I don't care what it does to the guy. As 3 matter of fact,
theoretically I’d want something that does nothing at all. All I want is
a tracer, but I want it to act like the agent, that is, stick to things
the way the agent does, track off of it the way the agent does, stick to the
guy and go through, penetrate his clothing, the way the agent does. So I
get vapor pressures and I can show all the vapor pressures and everything for
all the various agents and thickened agents, but it's got to act physically
not physiologically like the agent. That's what I call a simulant not a
mimetic. All that I want the mimetic to do is do the important things
physiologically and as soon as we know what those are we are going to be
in good shape. But you know at least we've uncovered one a couple of years
ago.. Nobody bothered, however, and what you've got to do is to stick some-
thing into people or animals if you have that kind of measure. Now you can
measure contrast sensitivity functions in animals, by using cortico—evoked
potentials. - ' ' :

Research needed:

New protective materials
. Means of measuring amount of dosage
Means of detecting agents at distance
Decontaminating agent - safe to equipment
Good non-physiological simulant
Correlate physiological stress with performance
(stress affects secondary performances)

Lindstrom - The academic colleagues will now give some background
on themselves and describe their research interests.

Cohen - My background in the area of foxicology beg n at Harvard

.School of Public Health where I got my PhD training .with Sheldon Murphy and
my PhD work involved the studies of organophosphates but specifically in-
secticides and the role of esterases in toxicologic interactions of organic
phosphates. My primary interest since I started has becn the effect of

toxic chemicals, trying to get into mechanisms where possible and prinzipally
focussing on how one agent in the environment can affect the toxicity of
others, how envirommental chemirals can effect the toxicity of drugs. The
focus of most of the research that I have been doing since I have been here
has been on the role not so mu.it of cholinesterases which we were talking
about earlier, but on other tissue esterasas, even the pseudocholinesterases
wvhich is the non-critical one. ' The cholinesterases that are important for
nerve tissue functions are csiiea true cholinesterases. There are many
other cholinesterates that fall in the category of pseudocholinesterases and
you can pretty much 1nhibit these completely without any apparent adverse
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effects on animals or humans as long as the nerve tissue cholinesterase does
not drop below some critical level. That seems to vary with the compound
and the species. What we have bcen able to do over the years is show that
these other tissue esterases, since they can be inhibited by phosphorus
compounds basically serve as a detocification site, a place where phosphates
can go where they can d> no harm. They go to these sites and they are

bound up where they are inactive. The problem with that is that exposure to
low levels of phosphates, not sufficient to cause any signs or symptoms tie
up these sites and it takes time for these sites to be regenerated. So
subsequent exposure to another innocuous dose of a phosphate can put an indi-
vidual in a situation where now they are faced with a situation where they
have a decreased capacity to tie up these compounds in a harmless fashiom.
Their places of inactivation are lost to a degree, and we can show that in.

* experimental animals certainlv, and other wildlife, that if one inhibits
these tissue esterases and then comes back with an organophosphate at a
supposedly non toxic dose, you now have a crisis situation in the animal,
greatly enhanced activity. Now this is not a dramatic earth-shattering find-
ing from the point of view of metabolism, because if you block pathways of
inactivation you are going to increase the amount of the material to higher
than therapeutic levels. If you are talking about drugs you are going to
get into toxicity, and with agents which are not therapeutic agents, such as
most of the phosphates we have talked about which are insecticides, as soon
as you build up to levels higher than those that can be tolerated you get
into toxicity. Over the years our work has shown that for certain phosphates
these esterases serve a very important folr as sites of inmactivation while
for others they don't. We think that the reason they don't for the others
is that for these so-called others there are other means by which they are
inactivated. They may be hydrolyzed by plasma hydrolases that may not be
the same as these other esterases. They may be metabolized by oxidative
pathways. The areas that are most interesting to me, from the point of view
of metabolism and structure activity relationships, are what is it about a
compound that makes it more likely to go via an oxidative pathway or by an
esterase binding pathway, etc. There has been relatively little from the
point of studying structu:r'es and understanding what is involved in terms of
reactivity of phosphates with these different tissue esterases or whether

or not the phosphate compound may go through another pathway.

Another aspect of the work that I have been involved with in the
phosphate area is in how organic phosphates alter drug action and metaboligm,
etc. Most of the work we have done in this area has been with pharmacological
and therapeutic agents which are esters. So it makes sense that if you block
esterases and if esterases are important from the point of view of drugs
such as local anesthetics and if you block their metabolism you are going to
alter their action and alter their toxicity. From the approaches we use in
our research we have looked at what one of my colleagues used to call stuff
them and count them toxicology looking at acute LD50 determinations to the
other side of things where we get more sophisticated and do biochemical and
pharmacological measurements of the effects of the agent. We also get into
some kinetics studies of plasma tramsport (pharmacokinetics), how the drug
moves in the body, so we not only do biochemical enzymatic determinations
in my laboratory, but we also do GC analysis of plasma for drugs and so on.
We are also identifying the drugs an’ showing the blood levels in the tissues
and showing that the phosphate pretreatments can alter the levels and most
importantly can alter levels under conditions where there 1is no toxicity
of the phosphate per se.
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Question: There are reports that oxims are poor for central nervous
system protection because it cannot cross the blood brain barrier and then [
people found out as long as you had organophosphates present which vere |
crossing the blood brain barrier that the oxims did also. So there is some
suggestion that organophosphates were changing the modes of action of oximes.

Rosenberg: I guess I could say something on that because I was probably
the first one working on this and to show that in fact vnder the influence
of paraoxon there are sufficient amounts of PAM penetrating the blood brain
barrier to reactivate the brain enzymes. It has been shown £nr some organo~
phosphates, for example physostigmine decreases time for onset of sleep
with barbituates. Organophosphates can apparently decrease the blood
brain barrier and we would expect a decreased time for onset of anesthesia.

Dettbarn: On the other hand the antichclinesterases can get you out o
of sleep. If you are in a diazepam or alcoholic coma, physostigmine will
wake you up at concentrations which cause no obvious cholinergic symptoms.

. They give 2 mg to old men so they do something in addition.

Cohen: There are many problems that have to be sorted out. You see
elevated blood levels of procaine and while we didn’t measure the brain levels .
of procaine in Japan they have done ~hat and they show elevated levels of
procaine in many tissues under the iniluence.of tricresyl phosphate which

-i{s a neuropathy inducing organophosphates. Part of that is probably due to

inefficient procaine esterase. In addition it also may be related to

altered permeability; that 'is something that certainly should be looked at.

Other areas that are in my own research interests involve environmental .-
chemicals and drug metabolism. We are doing a study right now on rhe effects

of polychlorinated biphenyls, etc. Of more interest, instead of cranking

out another paper that says polychlorinated biphenyls induce microsomal

enzyme, we are using them as tools to understand the importance of metab-

olism for the drug.. It is easy to pump another agent through the mill and

say here - here is another paper that shows it induces. It is much more -
important to find out the importance or relative iuportance of metabolism ‘
with certain of these agents because then you can start to understand inter-
actions and predict them. I also look at inhibitors, and the classic one

is SKF525A, the blocker of microsomal enzymes. I am more interested againm .

from the pesticide background which makes me look to things like piperonyl

butoxide which is the agent in Raid. The same way we make the pyrethrum

more toxic, to insects those agents make many drugs more toxic to animals

and humans. If a drug has to be activated to be therapeutically active a

blockade of activation could neutralize them. 1f on the other hand, you are

- dealing with polychlorinated compounds which are all arouni us, you may

increase levels of active metabolite if the drug has to go through an acti-
varion step. So there is really a lot to look at in terms of activation-
inactivation pathways in drug metabolism and assessing their importance and
of course their ability to affect different species even when you stay with
mammals. Some of the work I did in the paper I published with Sheldon
Murphy was on the comparative study of organophosphate interaction in frogs,
two different species of figh, quail, compared to mice and subsequently to
rats and that was an esterase dependent interaction. We found interestingly

. that one could increase the toxicity greatly of things like malathion, the

common garden insecticide by pretreating with tricresyl phosphates and
increased toxicity in mice, in birds and the species of fish we used and in
the frogs. This has ¢ lot of environment wildlife implications when you use
a combination of insecticide, because insecticides are good if they kill
insects and don’t kill everything else in the environment. From the point
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of view of selectivity if you increase effectiveness in killing insects and
lose selecrivity you have a very serious probles. What we found was very
interesting, and that was that the relationship between esterase inhibition
and increased toxicity of malathion, held for masmals and fish but not for
frogs. We could not detect carboxyl esterases in frogs at all and yet the
toxicity of malathion for frogs was increased more by the tricresyl phos-
_phate than it was increased in any of the other species. So there is a
whole world of irteractions that still remain to be explored in terms of
phosphate potentiation. We did things like assess in vitro sensitivity of
their cholinesterases to malaoxon and we found no difference in in vitro
sensitivity so it was not an alteration in the cholinesterase enzyme. We
however have not studied penetrability, distribution, etc. in frogs. There
are a lot of ways of enhancing organophosphate activity. Probably some of
the earliest work on the interaction relatad to these non-specific binding
sites, (he distribution of Sarin changed greatly using EPN, Fleischer, etc.
injected animals with EPN and challenged tiea with Sarin, by inhalation and
showed that there was much less Sarin in the lung and much more in the brain
with greater toxicity in the animals that had been exposed previously. That
was probably some of the earliest work on interaction with insecticides
which are in the rame family as Sarin and {n many respects they behave
similarly. Two other areas interested ma, one i{s-the role of glutarhiiae

as an endugenous protective agent against endogenous chemical damage. Many
agents react with glutathione and tie it up aud in so doing they are them-
selves inactivated. Probably the most widely advertised example of that
right now is Tyienol Acetaminophen. They say it's safer than aspirin and
then say that anything in large doses is toxic even aspirin. The problem is
that psychologists say that .hen people take Tylenol for suicide they do it
because they don't really want tn kill themselves; :t*ay want to ring a bell
and let everyone know that they have a problem. So they take 100 Tylenol
tablets because they know it's safe and then two days later their liver is
gone. And this jg all a reactive intermediate formed from the Tylenol and
it's all related to excessive active metabolite which w#ipes out the gluta-
thione stores in the body and the body's ability to inactivate the material.

The next step in acetaminophen pathway is to this reactive metabolite
which normally would go to these nucleophiles. If they are not there it
goes to these macromolecules in the liver then we have-a great big black
box. Inside that black box is a whole world that may some day be opened
up. What I am interested in, in the environmental drug area is that many
organic phosphates are {nactivated by a glutathione dependent pathway. We
are currently looking at organophkosphate metabolism. Certain compounds more
frequentlv undergo this glutathione dependent pathway and we are looking at
that and its possible effect upon agents like acetaminophene. One would
predict, and we have yet to bear this out, that organophosphate under certain
conditions could potentiate of result in increased toxicity. The most
immediate concern for this kind of interaction involves really a very des-
criptive part of the research which is to try and define whether any of
these agents are capable of priming an individual for liver toxicity under
conditions where there is no acute poisonc. That is the key. If an indi-
vidual is severly poisoned with organophosphate you are not probably not
going to load him up with Tylenol anyway. The first signs in many cases of
exposure to the phosphates for an individual may only be a litcle headache,
but moybe that comes from the solvent, some of the carriers and of course
headache is Tylenol. That 1s an area that I see that should be explored.
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I've got one student that is working on a cyanide project and it
relates to something I came across with a former grad student. I came

across something in the journals that didn't make any sense to me; it
that chlorpromazine (thorazine) protected enimals against cyanide and it
made no sense to me and it was a very descriptive piece of science.
cyanide antidotes which I am sure you are familiar with are the nitritc
thiosulfates., Chlorpromazine was only effective in comblnation with thio~
sulfate or thiosulfate plus nitrite. It was not effective alone, hardly -
changing the LD50 of cyanide. It wes not vary affective with nitrite, |but
when you gave thiosulfate as a pretreatment and chlorpromazine as well
there was a dramatic increase. Let's ssy that the LD50 was around 7 ¢
milligrams per kilo, it went up to around 60, Now the thiosulfate alons
incressed the LDS0 to around 20. So we're talking about a threefold advan-
tage over thiosulfats alone. From you perspectiva the last thing you
is to have everyone flaked out on Thorazine so there has ~o ba a lot
to this than that beceuse they were fairly good doses of chlorpromazin
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and find no correletion where the body temperature reaches its low poi
protective nature. Because of the fact that interation relates very
closely to the thiosulfates, we have looked at blood thiocyanate in an
after chlorpromazine end thiosulfate challenged the cysnide versus no chlor-
promazine., Then we see an eleveted thiocynate which suggests, whet one
would predict, that you ere generating more thiecyanate which is & non~
toxic or less toxic metabolite, end perhaps sparing target enzymes. On
my students right now has been working this past semaster on tha experi
mental protocol to measure rhodonass which is ths enzyme that turns the
¢yanide thlocyanate. What we went to do is find a biochemical effect
can measure to see if we could come up vith what is the mechanisa. The
people who published the earliest reports on this esre going merrily elo
and trying other agents. I have never seen any reports on their probin
mechanisms which is the way to go to design a better egent. We have so
ideas in mind as to say is this peculier to chlorpromazine or do all th
phenothiaszines do it. If they do, what is {t ebout the phenothiszine
cule thst mskes it do that. Can we design one tnat doesn't have a depr
sction. In my way of thinking the two ere probably unrelated. Most of

of

dribbl.ng along for a couple of yeers, with undergraduate students.
we sav the elevated thiacysnate lsvels I said now it is time to put & 1}
nore effort in the project. ' i

Lindstrom: I will now call on Jim Henkel

Henkel: I am e medicinal chemist snd [ ought to take & minute or|two
to explain what medicinal chemistry is. We find that people outside
gchools of phermacy don't elways know whet it is. My background, as yo 've
probebly seen on my CV is in orgenic chemistry. My undergraduate and gfaduate
Jegrees are both in organic chemistry and following the organic chesistry
degrees, [ went on and did e post doc 1in tha erea of medicinsl chemistry.
Medicinal chemistry in essence {s tha use of orgsnic chemistry to prodbe
biological systems or drug effects or effects in some biological or physio=
logical organism, It cen maen & lot of things to a lot of people depending
on one's research interests. Incorporated in medicinal chemistry are things
like metabolism, from the point of view of the chemistry that gces on. Not
so much the enzymes that ere there, but rather what changes cen we make | in
a molecule to either increese or decressa a particular pathway or a parti-
cular effect. Also in medicinal chemistry is the design of batter thers-
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peutic agents. We can look, with the aid of pharmacology, toxicology and
pharmacokinetice, at the effects of a specific change in structure on a

given therspeutic response or biological response. By looking at thie in

a quantitive way wa cen often predict what would be a better agent, one that
sight have better CNS penetrebility, less toxicity, lese eida effects, atc.
and wa have done some of that. I don't have tha extensive experience that
most everyone else has, I haven't been in the bueiness that long. Speci-
fically the areas that I'm establishing at the moment are tha areae of asati-
cancer activity and also eome other agents that are directed toward the
central nervoue systew. Even in the cancer areae we ara looking specifically
ar. the effects of some egante thet ere designed to penetrata the central
nervoue system. Looking at where it impingse on this area may be the fact
that the agente that we are using ere alkylating agents, the nitrogen
mustirde. . We are building them into some rather complex frameworke that
might give ue some indication of particular modes of cyoes linking and
different degrees of toxicity, cytotoxicity vs. spacific anti-cancer activity.

There's a lot of parallel between alkylating a;cnt. in :cncrll and the
agent that we don't understend what it {s.

(Conment) ~ There is a tremendous hemorrhagic responee that's like
aeronolized Ruesell'’'s viper venom.

Ae | say, our ultimate goal, vhere ve get our money, is to design mora
and better effective agents. It might first give us some {dea of how thinge
are working end we can often drew inferences by looking at tha structure
activity relationships in a series of druge end wa can say that well, wvhen
you increase this portion of the molecule snd make it bigger end changa ite
electronic properties, change {ts steric propertiee, it either incressee
tha therapeutic effect, decreases its side effect, has more or lese potency.
Thees are thinge we should look et. We cen look at it both intuitively and
quantitetively, specifically using some regression analysie programs,
quentitative thinge like thet. Some of the contributions we could make, or
medicinal chemiete could make co ¢ conference like this might be to provide
some chemicel insight. I think that probebly a medicinsl chemist has a
little bit of s unique perspective in that besicelly ve are still chemiate
and wve ere still thinking of chemicele and pictures 48 opposed to code
names. If we look et & structure of a molecule, we o1 often sea thinge
saying well, wvhat heppens if we changs something over here, or this area
looks like {t might be very eesily metabolized or essily converted and
perhaps we can contribute in that way.

Lindstrom: 1 vx;l now call on Dr. Clacobini

Dr. Ciecobini: [ would just like to divide wy preseantstion in two
parte. Ths first will just tell about what ! em interssted in and then 1
heve some spe:ific questione which will contribute to e discussion leter.

I am here as e neuropharmacologist. [ have been working on cholinergic

systems since 195). My work sterted {n Sweden et the Karolinska Institute

" et the time the Swedes were setting their chemical defense leboratory in

Stockholm and I wes collsboreting with Dr. Holmstedt who is part of the

chemical defense leboretory. I ceme to the United States to this Univer-

sity ebout eight yeers ago. I have colleborative work in e published paper

thet I em still keepine in contect with Dr. Heilbronn vho ie now the heed

of the neurvchemigtry section of the Chemicel Defense |sboretory. Now,

my work hes been since 195) when I published ay first psper on cholinesterese.
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Mainly I have been using anticholinesteraee agents es tools to ask queetions
to the nervous system, In the beginning we were very interestad to look

et the selectivity of the anticholinestereses so as to be able to subdivide
several types of cholinesterases. My ectual work in the cholineric system
ia centered around the cholinergic synapse end during the last ten years I
have been wvorking .on how ie the cholinergic synapse assembled during devel-
opment and eventually how does a cholinergic synepse decay and evolve during
the life of the euimal. Now thet brings ma to four different specific
mechanisas. One is hov ecetylcnoline is manufactured zud turns over in the
synapse. The second is how it is released and how it ects oun the receptore,
Coming beck to drugs egain we have been interested to look at how cholinergic
blocking agents when introduced into an organism at early stages of develop-
ment, [ am telking of an embryonic state or e very early embryonic state

or even from day zero, how would they prevent or change the development of
the cholinergic synapse itself. For instance, what kind of information do
receptors store end what is the interection of the receptors with the other
part of the cholinergic synapse. Finally I have been interested in seeing
vhether by understanding more about the different types of molecular form of
cholinesterases we were able to detect perticular forms which were more
selectively releted to the neurel activity, that is the neurotransmission
process. As to my personal perticular curriculum, I would just like to add
thet I have been associated with the department of pharmacology et the
Karolinska Institute for about ten yeers, I elso iad three years of exper-
fence in the drug industry and I came into a very lucky phase beceuse I wes
e vwitnese to the development of new and better B-adrenergic blocking agents.
This was at e major northeastern European drug compeny, that is ASTRA and I
was in one of their rsseerch groups. That is where 1 came in contect with
medicinel chemistry which I did not know before end now [ an very glad that
ve Suve mcdicincl chenlstry.

One pcrciculnr aspect which might be interesting to you is thet 1 have
been using as a model, during the last ten years, of the cholinergic systea
the eye and therefore [ em perticulerly interested in cholinergic innerva-’
tion of the eye. We heve been using a system in which we heve a group of
cells which innervate the muscle of the eye. 1 am not saying the retina
so 1'm not interested in or working with the visual aspects of the eye,
but rether in the cholinergic innervetion of the main perts of the eye.

Well, then, let me just touch on how I could see my contribution to
today's discussion. My major interest {s in basic research and 1 aa sure
that you are all awars of the basic steps of what ve have been talking about
here today. The work that is most interesting to you now for instence
the problem of insctivstion of cholinestereses, wes due to some very out-
standing work by Wilson and others. One breakthrough is enough so that
ve cen work ‘for enother 20 yeers. Now I have worked on the cholinergic
system for more than 25 yeers end 1'm almost historic like Rosenberg and
Dettbarn. What really strikes me is that i{f I hed to give a lecture today
to students in an edvanced course on enticholinestereses I would not be
able to say exactly whet the enticholinestereses do end the reason is that
we arc touching on mechenisms and some aspects of cholinergeric metabolisnm
that we don't knov about.: So there erc some very specific questions to
be asked which I think ere of much importance, elso to prectical aspects
because until we resolve these questions it will be very difficult to under-

stand how things heppen. 0re espect 1s of course how much of the enti-
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cholinesterase i{s due to the cholinergic mechanism and how much is due to
sechanisws. Just a month ago I went to the fourth meeting on cholinergic
systems and there I met several of my Russian colleagues with whom I have
maintained a friendly cooperation and dialogue for many years and it
appeared to me that for them and other people working on the cholinergic
system there is a great deal of attention paid to the muscarinic aspects,
which I think are those mostly related to the central nervoue syetem, It
seems that up to now we have known very little on the muecarinic system up
to the lsgst five years. I don't think that it is an accident thst some of
the major articles on the muscarinic receptor have as authors workers from
the Unit of Biochemistry, National Defense Raseerch Institute in Norway,
by Defense Laboratories in Stockholm, and by Russian people. Now it is
totally natural, the front is moving towards that line «nd major contri-
butions are to be expected. Therefore in the afterncon if we have time I
wouid like to entertain some discussione with ragard to the new frontier
in cholinergic mechanisms. Then I would like to address some specific
questions about our knowledge of anticholinesterases in regard to what we
know now cf the cholinergic systam.

Lindstrom: Phil Rosenberg, it's your turn.

Rosenberg: My training is really in the area of pharmacology but
that's not a mistake by my name that is toxinologist, not toxicologist.
I'm interested in animal toxins and venoms so ['s an editor of Toxicon,
a2 Journal concerned with animal, plant and microbial toxine. To put things
in perspective [ might mention that there are animal toxine, 100-fold as
. potent as the most potent organophosphate. So just hope that the Russians
don't develop an effective means of delivery for it. We might want to get
back to some of these animasl toxins also later on. '

About the first eleven years of my scientific life snyway, we were
concerned pretty much exclueinvely with orgenophosphates. I got my PhD
under Coon at Jefferson Medical College. He had done some of the early
secret work in Chicago. Tox Labs with Dubois and Doull so I wae working
there on the toxicity of some organophosphates looking for entidotes for
organophosphates. I probably did some of the earliest studiee on inter-
action between organophosphates showing that when you combine EPN and
malathion the toxicity is much greeter than you would expect from either
agent slone and showing that this interection {s occurring at the lavel
of the liver due to altered metabolism. From this work with Coon, I then
went on my Cereer Development Award post-doc to Colusbia University where
I was working with Nachmansohn and who at that time of course was working
on all that exciting work with Wilson on development of PAM and the oximes.
During the next ten years [ was working at Columbia with a group, {a fact
with Wolf Dettbarn. I guass thea first study I did there waa in fact the
penetration of PAM into the brain end 1ts ability to protect rabbits
against paraoxone poisoning. Wa studied how to accurately measure brein
cholinesterases acztivity. Although PAM does {ndeed penetrate the brain
very poorly one can get sufficient amounts into the brain for it to have
a protective effect. So it isn't chat it zooms into the brain. It's
11ptd, insoluble snd quaternary. Especially under the influence of an
organophowphate you cen get enough into the brein to exert protection of
rNS cholinesterase. In addition to that work then I also worked on nerve
conduction and essentlielity of cholinesterase for axonal conduction, that
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is what is the lowest level of cholinesterase activity which axons can
continue functioning with. In the absence of cholinesterase activity there
are other mechanisms to remove acetylcholine. Wolf and I did a lot of work
concerned with the anticholinesterases efiects on nerve conduction, axonal
and junctional conduction. We also did some work with glaucoma, looking for
blood levels in patients with glaucoma. We studied side effects with ani-
mals and studied effects and the penetration of different anticholinesterases
following applications into the eyes in animals and relating this to blood
levels which might be associated with human use, At that time we had

learned sore of the benefits that nature had created in animals., Nachmansohn
always used to say that some animals are just created for the benefit of
scientists, such things like the electric eel and squid giant axons. I may
7ant to get back on the subject this afternoon of some of the advantages

of using some of these types of preparations in working with organophosphates
and to try to figure out some of the mechanisms of actions. Well at that
time about when I came here my interests were somewhat changing toward trying
to understand nerves and muscle membrane structure and trying to see what
selective modifications into chemistry of the nerve would have on their
sensitivity to drugs and permeability properties and functioning of the nerves.
So then 1 became interested in animal toxins and venoms ard especially when

1 found a phospholipase A which is present in all snake venoms and almost

all animal venoms. I found that this had a marked effect on the permeability
properties of nerves. I therefore thought that it would be interesting to
use these enzymes, these phospholipases, to produce quantitatively known

and specific changes in phospholipids of the nerve membrane to see what
selective modification of phospholipids would have on nerve function. So
some of the studies I've been involved in the past ten years or so, for
example have been concerned with injecting phospholipases intraventricularly
into the brain and observing then that at certain levels of phospholipid
hydrolysis in certain areas of the brain one can obtain long lasting repe-
titive convulsive episodes, where the animal will go through convulsions,
recover, go through convulsions again over a period of many hours. This

may possibly be related to clinical conditions such as epilepsy or convulsive
disorders where lysosomes might be ruptured within cells and lysosomes have
phospholipase activity naturally. So there are endogenous phospholipases.

We're using the snake venom phospholipase as a tool to mimic what

might be happening physiologically. Another study that we have been concerned
about is trying to study what is the environment of the sodium channel site
within a nerve or muscles membrane. Specifically we used muscles with either
a sodium generated spike or calcium generated spike, that is muscles in which
sodium is responsible for bio-electricity or calcium is. There has been a
report for example that phospholipase C, which is another phospholipase,
which acts at a specific point in the phospholipid molecule, only blocks
conduction in muscles with a sodium generated spike. This is similar to
tetrodotorin, puffer fish poison, which only affects muscles and nerves

that have sodium generated spikes. Basically what we were able to conclude
‘from studies on measuring extent of hydrolysis is that two specific phos-
pholipids, phosphatidyl zerine and phosphatidyl inisitol, seem to be very
closely associated with the sodium and calcium pore in the membrane both in
sodfium and calcfum muscles, however phospholipase C can only hydrolyze
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thegse phospholipids in the sodium muscles and this explains why it caanot
act on calcium ion muscles. Therefore we are trying to understand a little
about muscle functioning and the muscle membrane. Some other studies have
been concerned with gammaaminobutyric acid receptor within the brain. By
isolating the pinched-off nerve endings, the so called synaptosomes, we've
been able to show that GABA and a phospholipid phosphatidyl ethanolamine
compate for binding to the GABA receptor. We can specifically then alter
the potency of the neurotransmitter by incubation with the phospholipid for
example and alter the ability to bind to its receptor protein. . So phos-
pholipids, although not often thought of as receptors for drugs, can dras-
tically modify the functioning of receptors including possibly the cholinergic
enzymes and recept °r. Most recently I've been working on a comparison on
toxic and non-toxi. phospholipases. It's very dramatic that you can isolate
& phospholipase from Naja nigricollis venom and it will be extremely toxic
and isolate another phospholipase A, the same type of enzyme from Hemachatus
haemachatus venom ind it will be relatively non~toxic. Yet the non-toxic one
has ‘more enzymatic activity than the toxic one, if you measure activity in
vitro. So we're doing a combined pharmacological and biochemical study to
try to explain this difference. We are using phrenic nerve diaphragm,
isolation heart and intraventricular injection to measure the extent of ,
hydrolysis of each individual phospholipid. We also measure their activities
on purified phospholipids singly and in combination to see if we then can
explain why one {s more toxic than the other one. we are also producing
specific molecular modification of the enzyme, altering a histidine which is
at the active site of the enzyme and seeing how that effects toxicity or
enzyme activity. Trying then to relate the structure to the activity, the
phospholipase from N-nigricollis venom is a very poteat hemolytic agent and
a very potent anticoagulant agent.

How does thic all relate back to the organophosphate and I think that
'the point that it relates to is that I am very interested at this point in
going back and combining my two interests - membrane structure and organo-
phosphates, because I don't believe tiut all the effects of the organo-
. phosphates can be explained on the basis of their 1nhibition of cholinestarase
enzymes..

Effects - Expected Expected Effects Effects Expected or
‘ Different than
Expected
Subacute and chronic Acute effects Delayed neuropathy
tolerance Muscle necrosis
Receptor? ' - Teratogenesis

Metabolism? Metabolic effects
" Analgesic effects
Visual disturbances
EEG effects
Behavioral changes
Depression
Memory Loss
Decreased Vigilance
Increased irritability,
atc,
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It's true for some years one was interested in the acute effects of these
agents and many of the acute effects can be explained specifically by
levels of inhibitions of cholinesterases. However, when you get away from
the simple acute effects you come to areas which are not explained, so that
for example, you have effects which are less than expected on the basis of
cholinesterase inhibition mainly subacute and chroric tolerarce and then’
you have effects greater than expected on the basis of cholinesterases
inhibition.

With continued administration one finds that whatever effect your
measuring, conditioned avoidance of response or whatever other physiological
merameter, you find the effect disappears even though the cholinesterase
level remains very low. This might be at the receptor level the receptor
becomes less sensitive or it might be due to metabolism of the cholinergic
transmitter. It is an effect that might be interesting to look at to see .
what's happening to the membrane., Effects greater than expected include
many things which I think might come up this afternoon. We have this
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