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Executive Summary

The purpose of this study was to assess the potential use of calinacives as non-

lethal ;echniquas. This research included 1) defining the advantages and limitations

of pharmaceutical agents as caimatives with potential use as non-lethal techniques,

2} providing a comprehensive survey of the medical literature identifying

pharmacautical agents that produce a calm state and developing this informaticn

into a database of the relavant literatura on calmalives, 3) previcing an in-depth

review ot selected calmatives identified by “ne literature searchwith high potential  S5fehyy favt hinhliohis

for further censideration s a non-lethal technique, and <) to identify and previce sefied fovinds thronghont
recnrmendations cn new areas in pharmaceutical drug develapmeni that may the I‘{?Jm'?,

unigquely meet the requirements of calmatives as non-lzthal techniques.

There may be a need for development of non-lethal lechniques with a high degree
of specificity, seloctvity, safety and reversibil ty that would avoid production of a
lagting impairment to the subject(s) ar individua {8) aclivating the technigue.
Pharmacautical agents, or calmatives, with a profile of praducing a caim-like
behavioral state were considered highly appropriate forconsideration n the design,
enhancement, end implementation ol non-lethal technigues. While ethical issues
are involved with the use of calmatives in tis context, consideration of thege
issues was beyond Lhe scope of this preject. The Researchers concentrated on
the task of defining tha ideal characleristics of a non-lethal calmative technique,
conducting extensive literature s¢arches and providing an in-depth analysis of
this rraterial. In addition, the Researchers have provided recommendations tar
the development and use of calmatives and other pharmaceutical agenis, Includirg
convulsants, as non-lethal technigues.

Pharmaceutical agente considered Lndar the topic of “calmatives” include
compounds known 10 depress or inhibit the function of the central nervous system.
Several major classes of pharmacological compounds under this categery incluce
sedative-hypnotic agents, anssthstic agents, skeletal muscle refaxants, opioid
analgesics, anxiolylics, antipsychotics, antidepressants and selectec drugs of
abuse. Drugs which depress the nervous syslem have a range of gliecls that are
dependent on the dose and duration of crug administered; these shysiological
and behavioral effects rarge from amelioration ¢l anxiety, mild sedatior, hypnotic
effects o corma and death. Pharmaceical compounds recommended for use as
nan-tethal calmartives will typically not be zdministered ta praduce dzep sedation
ol hypnosic; rather, calmatives will be used to relieve anxiety and prodice mid
sedation, Morgover, the compounds fealured for in-depth discussion in this report,
havr Lnique charactarislics that offer speeffic advantages in a non-lathal warfara safting.

Tre Advantages aig amitaticrs
of Catmatiees lor Use as a
Mon-Letal Technicpe
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This report highlights the pharmacological effects of a calmatvae, including a
discussion of pharmracokinetic and pharmacodynamic principles of drug action in
the central nervaous system. The pha'macological effects include consideration of
a calmative's route{s) of administration, raie of absorption and distributian,
biotransformation and exgretion profiles, mechanism of actlons, as well as
cunsideration of known sice effects. The importance of data on calmatives obtzined
‘rom both preclinical and clinical research was considerec tc be vitalty needed
information in the assessment of a calmative agent. Additional conside-ation was
alsp given to research with calmatives conducled in petient populations with a
-arge of disruptive behaviors, mnging fram treaiment of withdrawal from alcahal,
alleviation of debilitatng anxicty concomitant with social phobia. therapsutic
wreatment of viclent parolees, as wel' as others to provide information relevant to
the applicat on of a calmativein an agitated population, riat ardfor hosage situation
requiring deployment of a non-lethal technique.

The Researchers identified the characteristics of an "ideal’ calmative as a nat-

iethal technique o include:

M easy administralion

W adaptable for administration via topical, sukcuaneous, intramuscular, or
oral routes

W rapid in angat

W most likely of short or limlted duration

B production of approx mately the sa e magnitude of calm (ranging from &
iess agitated, groggy, sleepy-like slate to a stunned state of consciousness)
in all indlvidnals of similar hody mass index and age range

B the effects should be reversible by a prolile of rapid tumover anddor the
availahility of a selective antagonist tc gerve as an antidote

8  the compound should be safely administered by an individual and free of
prolonged toxicity to the individLalk(s) -eceiving the agent

B conly be administered on a temporary basis

M produce side effects, if any, of short duration.

The Researchers noted that in dentitying an optimum calmative for use as a non-
lethal technique, the choice of agent for application in a fizld setting would depond
upon the siluation of the erisls requlring intervention. In this regard, wide rangas of
polervial agants ware considered and it was noted that a seies ot calmatives with
diffieret mechanisms of zction, duration of efiects and denths of “cam®mightbe appropriate
far develapment. It was noted that drugs can be lailored to be highly se'eclive and
specific for known receptor (protein) tangsts in the nernvous system with unique profies of
biclog cal effacts on consciousness, motor activity and psychistric impact.

An extencive reviaw of 1ha medical resaarch fiveraturs and several commercial
sources of curreat pharmaceutical information werg searched on topics carefuly
selected lor their relevance to calmatives. The CALMATIVE dalabase generated
includes over 7,000 references obiained in conducting this research. These results
damonstralad that a larga bady of highly ralevant infarmation is available on
calmative agents.

This report highlights the
pharmacoloXival effects
of a calmative, including
& discrission of
Pharmmacokinetic and
Pharmacochvnanic
principles of drug action i
the conitral nevvnus Sycte.

Tve &ddvantages and vinilaticns
of Calmatiwes fo- Use asa
HNon-Leihal Techoiqua
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Several classes of compounds were identifisd from the CALMATIVE database as
having high paotential for use as a non-lethal caimative agert and include:
benzodiazepines

alpha-adrararaceptar aganists

dopamine D3 receptor agonists

serctonin selective reuptake inhibiors

serotonin 5-HT, 4 recaplor agonists

apioid receplors and mu agonists

neurotept anesthesics

corticotrophin-releasing factar receptor antagonists

cholecystokinin B receptor antagonists.

The discussion lor each category of agent Includes identif cation cf specific
compounds (typically receptor agonists and antegonists) as well as review of the
clinicel effects and the mechanism of action. In addition, each class of compounds
and specific drugs were discussed in light of thelr proposed eontribution as a non-
lethal techrigque. The Researchers identfied seoveral drug classes (c.g.
benzcdiazepines, aipha 2Z-acreno-eceptor agonists) and individuai drugs
{diazepam, dexmedetomiding) lound apprapriate for immediate consideration as
a non-lethal technigue. Equally important, the Researchers identilied many
pramising naw developments that dasarve further consideral an with high potential
as protatypical calmatives with availability in the near future.

It should be noted thal the Researchers did no: consider that a parlicular drug
doss not currentty have a mathed of administration apprapriate for immediate use
a5 a non-lethal technigue sufficient o disgualily a compound from further
consideration as 2 non-lethal calmative agent, as the area of d-ug delivery continues
13 be a rapidly developing field. The Researchers has direcied attention to severaf
promising breakthrougts in tmpraving drug delivery of macromolecular compounas
and recommends this issue for further discussion.

The Researchers ddentified
severad drig classes for
frmmecliate consideration as
a aori-fethal techrigue.

The acvaniages ard Linhatons
of Celmalves forliseas a
Nond othal Techninue
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Introduction

Tha Research Objective

The research cbjective for this project incluces the accomplishmeni of the kcliowing: L Ccetbmedives” o
W Uefine the advantages and limitations of pharmaceutical compounds as wnderonne g vemarbably
calmatives with pctential use in non-lethal tachniques. ;‘g.{{zm' ;_)b;,?‘;g qj'é‘r)'wg.rﬂ';‘

B Provide a comprehaensive survey of the medical literature utiizing
pharmaceutizal agents o produce a calm state with potential for use as a
non-lethal technique. This information will provide a current dazabase of
the relevant Iite-ature on calmatives.

B Provide an in-depth review of selected calmatives idertified by the literature
search with high potential for jurther consideration as a non-ethal technigue.

M Icentlfy and ‘ccommend promising new areas in pharmaceutical drug
developmeni that are poised to uniquely meet the raquirements of
calmatives as non-lelhal techniques.

The Subject of Review

Calmatives have potential for use in nar-lethal techalques. Currently, the majarizy
of non-lethai iechnigues involve the Ls2 cf physical restraint, induction of acute
physical pain, or other immeoebilization strategy. Chamical Irritznts, which incluce
pepper spray or tear gas, serve lo ilustrate another series of approaghes currently
used in situalions of crowd control. However, to date, the vast array of
pharmaceutical compcunds that produce a calm, non-agitated behavioral state,
may have potential ulifity as non-lethal tachniques, either alone or in combinaticn
willi estabilished approaches described abuve.

Since the mid 1980s, the avallatility of these phammaceutical agents, herein termed
‘ealmatives.” have Lndergone a remarkably rapid phase of growth. Indesd, tha
premier status of the US pharmaceulical irdustry Ir the world markets, combingd
with the exponentiai developments in the fields of pharmacology, neuroscience,
aneslhesia, and biotechnology lields, amang others, has brought forth a diverse
array of compounds that produce sedation and/or a calm stzte ag either a primary
or secondary effect. The challenge of assessing the potenlial use of calinalives us
non-lethal tachniques requires an initial screening of a broad array of potential
candidates, followed by an in-depth assessment of compounds with features
uniquely suited towards use as a non-‘ethal technique. The approach taken for
lhis report on calmatives as non-lethal lechniques was to a) daefine the
characteristics ol an “ideal” non-lathal calmative, b) provide 3 broad-nased yet
largetad review of medical based lilerature and commercial databases containing
calmative properiies with pharmaceutical agenis to create a datahase rernurca,
and ¢) conductin-depth literature reviews of drug classes and protetype compounds

The Advarmages and L mitationy
of Caimatives 1or Jse asa
Non-Lathal Tachnique
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which may best meet the profile of a nan-lethal calmative technique. In adedition,
this repart highlights severat new areas in pharmaceutical drug development with
high patential tor impact ¢h davelopmert of nen-lathal tachniques.

Coniribution of the Report on Calmatives

Thereis a nesd lor non-lethal techniques wit a high degree of specificity, sclectivity,
safety, and reversibility to avold producing a lasting impzeirment to the subject(s}
or individual(s) activating the technigue. Consideration of the use of calmatives
as nan-lathal lachninuas s both timely anc warranted.

Thara are numerous pharmaceutical agents with & profile of preducing a calm-like
behavioral state currently available in clinicat practice. Moreover, wide arrays of
new compounds witih urique cellular ard molecular mechanisms are under
development by the pharmaceutical industry for their ebility to produce calm and
tranguil-like states of behavior. Therefore, this report serves as an essential first
step in identification ol calmative pharmaceutical agents with potential wility as
non-lethal -echniques. The extensive survey of the literature conducted on
calmatives serves to emphasize that the “time is right” with respect to considering
pharmaceutical agents as approptiate new approaches 1o be Incorporatad in the
design, enhancement, and impiementatior of nun-lethal techniques.

In considering the application of calmatives as non-lethal teshnigues, The
Researchers wauld aiso like (o note tha: the use of these agents should be
considered in an ethical context. While 2 review of the ethical principles and
practices for use of non-lethal techniques is beyond the sccpe of this repert. it is
imporant to nota that thera are both naticnal and irlernational standards of conduct
applicable 0 the practice of medicing and military conducl that may require
consideration in the implementation of a calmative as a non-lethal technigue.

Important Observations from Literature Search

on Calmatives

Several Key observations emerged du’ing the course of conducting extensive
literature research on calmatives. First, there is an explosion of new knowledge
and developments in pharmaceuticals producing sedation and/o- calm behavior
as a direct and/or side effect. Tris wealth of informaion includes rapidly emerging
developments ir the fields of cetlular and molecular biclogy, neuroscience,
psychiatry and anesthesia, among others. Second, the goals of new drug
development effo-ts, namely continued impravemant in specificlty, selectivity, cafety
and reversibility are the goals for improvemenis in non-lethal techniques. The
compounds discussad thet are under development by the pharmaceutical industry
we'e selected for these advantages. Thus, new compounds are in “the drug
development pipeline” that will have an improved esse of delivery, specific contral
of duration of effec:, specific sites of acticn and other propertes that may prove
advantagepus to design ot innavative non-lethal techniques. Third, new classes of
pharmacedutical agents and new compounds, are poised to meet the unique
requirements of the non-lethal warfare arena. Ulkimately, new compeunds can be
designed lo better meel the requirements of non-lethal techniques for Lsc in specific
mitittary and civillan sltuations.

There i o need for
viuri-lethad fechiigiees with
@ Mgh degree of Secificily,
selectivify, safety, and
repersibilily. ..

.. the godls of nere drug
deceiopment efforss, namely
covdinued insprovenent i
speciiicity, selecrivity, safely
and reversibility ave the
goals for improvements in
nan-lethal techiigues.

Trr Advantages and | imidatiars
ol Calnstives o Ukt asa
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Calmatives — Advantages and Limitations

Define the advantages and limitaticns of pharmaceutical compounds as calmatives

with potential use as non-lethal techniques. . Cealmatives”. L indlude
. SEAIVE-FVDROTC (gends,
What Is A Galmative? dnesthetic agents, skeletil

A wide variety of pharmacological approaches modulate mammalian behaviar, sriiscle velgniy, (y}szk{
including human, nor-human primates a~d rodent species. Pharmacological g{;g(g!g,:{q-,f(ﬂ;«__ GRE anxiony
compounds (or agents) producing a caim of tranguil behaviora: slate upon  @risychnlics,
administration are termed “calmatives” in most cases, the state ol calm preduced GRBHCFOsSGn. .

will, tr part, depend on the existing behavioral state of the individual before the

pharmaceutical agent is administered (e.g. agitaled, aggressively viclent) and the

dose and route of drug 1o be administered, ard the pharmacokinatic and

pharmacodynamic properties of a given compound,

Pharmaceutical agants to be congidared under the topic ol “calmatives” willincluca
compounds kiown W depress ur inhibil the Tunction of the central nervous system
terned {deprassants). There are several major classes of pharmaceutical
compoundsthat fall underthe category cf dapressants including sedative-hypnotic
agants, anesthatic agents, skeiecal muscle relaxants, opicid analgesics, anti-anxiely
ar anxiolytics, anlipsycholics, anlidepressants, ard selected drugs of abuse. These
pharmaceutical agents or “drugs" procuce their effects by actions targeted fo
specific targats, typically recepiar proteins that zre located in the central nervous
system, including the brain, While each of thess drug classes have diverce
mechartisms ol effects on their larget tissue {the rervous systemj, the range of
drug-induced affacts are dose-dependent. Depressanl drugs can produce efects
that range from anxiolytic, milgd sedation, hypnatic and even coma and death as
dependent upon the dose of drug administered and its spectrum of pharmacological
effacts.

Pharmaceutical compounds recommendad for use as calmatives with nigh potential
as non-lethat techniques wilt typicaily nat be adminiscered "o produce deep sedation
or hyprosis. Those recommended will relieve arxiety and mild sedation. Compounds
selectzd for in-depth discussion will aiso have features that offer specitic advantages
in a non-lethal warare setting {see following section on "An ldeal Non-Lethal Calmatve’).

Pharmacological Effects of a Calmative

The pharmacological eftects of a given compound are critically affected Ly ils
oharmacokinatic profile, which include its route of administration, rate ot drug
absorption and distribution, biotransformation, and excretlon, as well as ils
sharmacodynamic profile, which datermines its mechanism of action. Fo- exarpio,

Ihe Az varagas and Limitziiors
oF Calmatives ‘o iJse asa
Nor-Lehal schmique
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in arder to understand the pharmacokinetic effects of a cafmative agent, irformation
is needed on how tha drug has access to the brain (2.g. is it absorbed through the
skin topicaly), Information on variah es which may enhance ar inhibit the
compound's distribution and/or metabol'sm {e.g. was the subject ingesting large
quantities of alconal), as wel as the ability of the drug tc be removed or cleared
from te subject by excretion needs o be pstablished. A crilical facior with all
drugs, including agents which act an the central nervous systam, ‘s their ability 1o
entar the brain. The entry of drugs into cerebrospina fluids and extracellular space
of the central nervous system is restrictad by tha an arrangamert of andothslial
cells gescribed as “the bieod brain barrier” Mot only is the rate ol cerebral bicod
flow an important facto in allowing a compound to reach the beain tissue, bu: the
rate of diffusion cf a drug into the central nervaus system is affected by the size
and the chernical charge or polarity of the agent,

In arder to establish the pharmaceodynamic profile of a compaund, the chemicat
and physicdl interaction of a given drug with its target tissue must be del neated to
ungerstand the mechanism of action at a specific anatomical site in the central
nervous system (CNS). Drug actionin the CNS includes a critical role lor receptors,
which are proteins that serve as binding sites for endogenous regulatory ligands,
Inciuding ho'mones anc neurotransmitters. Receptars, and their assodated effactor
and signal transcuction systems, act as 1ne inlegraters of extracedlular information.
Slimulation of a drug at it's receptor by an agonist {termed reseptor agonist)
generatly transm'ils a signal to gn individual cell tha:, in turn, begins a cascade of
cellular and molecular effects that akter tha regulation of that cell. In turn, the
zpecific effect of a drug on a given receptor may be chemically blocked by a targeted
compound {termed receptor antagonist). As will be evident in the discusslcn of
agents identitied tor Use as potential calmatives in a non-lethal wartare setting,
the speciticily cf the agant will be closely linked to actions as a receplor agonist or
antagonist The ajility to stap arterminale the affacliva action of a giver calmative
may be linked to the administration of a specifc receptor antagonist, which wil, in
furn, Block the actions of the pharmaceuwsical agant at the target reqion in the brain
or other central nervous system site.

Preclinical and Glinkcal Information on Calmatives

{n order to cbtain as complete information as possible on a given calmalive agent
with potential as a non-lethal technique, clase aitention 10 two distinctly ditferent
lypas nf madical rasrarch literature was deamed assential — hoth praclinical and
clinical rescarch literature. Each type of research data provides a valuable and
unigue contribution to cur current knowledge of calmative agen:s. Both prectinical
and clinical research provides important irformation vilal tcward idantification of
ralmatives that may be hest su ted for use as nen-lethal technigues.

In tne preclinical arend, resedrch imvestivadions ate typica ly conducted in a variety
of madals ranging from /i vitro isolated call cultures to racording in braln slices ot
in anesthetized smal animais. Cften data abtalned In a preclinical research settirg
is oblzined using bacteria or yeast cek models. Inaddition, recentor pharmacclogy

is uilen established in solaled membrene preparalions. Eact ol these types ol

“The Advaniages end Limitglions
o Colmetives for Lisaas a
won Lethal Techrigue
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preparations aliow for the preclse quantification of dose-response sflects for a drug
and provide the cpportunity to explore cellular and molecular mechanisms of drug
action; such experiments are simply not feasible or ethical in the intact human brain.

Results obtained rom research conducted in a clinical setting pravide additional
information thatis vitally needed in assessment of calmalive pharmazeutical agents.
First, such datais recuired to demonstrate that a given drug will provide the desired
bahaviaral effects. Moreover, while effective dase ranges can often be estimatad
In a preclinical researct setling, he duses anc routes of drug administration must
ke confirmed in a human population. Likewise, potential toxicities and side eHects
that may caLse harm to an individual can be identified in a clinical research setting.

An additional feature of clinical litereture, with particutar relevance to the
identification of pharmaceutical agents that may be effective nan-lethal caimatives,
is the use of rasearch results obtained from specific patient populations. For
example, pharmaccotierapeutic approachas for the treatmant of alcohslism, whera
patisnis are oflen experiencing withdrawal syndromes that Include anxiaty, agitation,
disorientation and hzliucinations, have idenlified serolonergic drugs and
benzodiazepines as useful cancidates in reduction of thase withdrawal symptoms
{sas Objective 3). The application of serctonin active drugs as psychatennic agents
for the treatrnent of patients suffering from sccial phobia, ar arxiety-related disorder
characterized by excessive fear in perfa'manca or interactive gituations involving
intensive evalualion by others, identified the cffectiveness of treatment with
busplrone and saroronin selertive reuptake inhibilors (S8Ris) in these patient
populations. Other selected palicnt populations, including individuals with
obsessive-compuls:ve disorders, alttention deficit hyperaclivity disorders, or
behavioral disturbances with demantia includ ng disruptive behaviors and aggression,
provide information directly relevant to the appication of & calmative in an agitated
population, riot or hastage situation requinng use of & nen-lethal lcchnique.

An ldeal Non-Lethal Calmative

In seeking tn identify prarmaceutical agents useful as calmatives in a non-lethal
technique, severel characteristics may contribute to the profile of an " deal " agent.
The calmative should be easy 0 administer end adaptabie for adminlstration via
topical, subcutanaous, intramuscular or oral route. The orset of action for this
compound should be fast (seconds tc minutes) ard most ikely of shert or of &
imited duration {minutes). A given dosc of the agentshould produce appreximately
the same magnitude of calm (ranging from a less agitated, groggy, sleepy-like
state lo a stunned state of consciousness, slesp state, deap seep or light
anesthesia) in individuals of similar body mass index and age range, The effects
of producing a calm state with this agent should be reversible either by a profile of
rapld metabollsm and eiimination and/or the adrminislraliun ol & selective anlagonist
specifically designed to block the effects of the administarad calmative. Tha
compcund should be able to be safely administered by the individual wilizing the
non-lethal technique and free of any prolonged toxicity to the individual receiving
the acent; the cakmative should only be administered on a temparary, typically ore
lime basis, and therefore produce side effects (headache, nausea, vomiting), if any, of

. FUSEETCh Condncied 11 g
clinteal sefting derosisivates
that o piven drog vl
provide the destred
bebarviorat effects.

.. Selected patient
Jopiaiions. .. provide
fiformiation direcily
refevant fu the application
of @ cellmative m an
agitated popudation. réct
or bostage sifuction. . ..

“idenl” aget. .

erisy fo administer. .

onset showdd be fast.

short duratior. ..

procuce approximately the
same magntiude of calm.
shordd be verevsible.
free of yuy profonged
toicaty. .
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short duration. Note that a seres of calmatives may be appropriate tor considaraticn
with different mecanisms of action, duralion of eflects and different depths of “calir”

In identifying an optimum or ideal calmatlve for use as & non-lethal tachniqua, it
should be recognized thal the choice of agent for application in a field seftting
wonld depend upon the siluation of the crisis requiring intervention. For example,
an individual running towards you with a gun may pose an immediate threat or
parhaps be trying to protect you; in contrast w th this immediate th-eat az a group
of hungry refugass that are excited over tha distribution of foad and unwilling 1o
wa 1 patienty. In 1nese twa cases the degres of “calm” required is vastly different in
magnitude and the target populations are alse different. in many cases lhe choice
of administration route, whether application to drinking water, topical adm inistraticn
1o the gkin, an asresol spray Inhalation route, or a drug-filled rubber bullet, amorg
olhers, will depend on the envirenmsnt. It i5 also important to note that a
pharmaceutical agenl or drug cannat discriminate a target: whoever comes in
contact with the agent will experience the intended dose-dependent
pharmacological and physiclogical effects. However, drugs can be failored to ke
highly selective and specific for known receptors and their biological effects on
consciousness, motor aclivity and psyshiatric protite.

As will be discussed under Chjactiva 4, new and improved methods for
admiristration of pharmacological agents are under continuing development. It
should be noled. lFat the tact thal a garlicular drug does not currently have a
method of administration appropriate for immedizle use as a non- ethal technigue
shoutd not digqualify this compeund Iram present andior future cansideration az a
nan-iethal caimative agent. The developmenls in thiz arena of drug application/
admiristration will condinue o emerce in a rapid fashion.

Required Use of Medical Attention with

States of Unconsciousness

It sheuld be recognized that all drugs, -ncluding calmatives that may cause

Jnconsciousness might necessitate medical attention for the Dliowing:

B Ensure that the subjects d d not “ga to sleen” in pasitions that obstruct their
airway,

W Check for tha occasional person who may stop brezthing (many medical
reasons In the unhezlthy, the elderly anc very young but very unlikely in fit,
healthy soldiers or other individuals who may not be the target papulation),

MW Avaid injuries dus lo the fall of “falling aslaep” (bump to heac on objact or Hiaar),

M Administer an antidote which may “eculre medical ettention; and

B LCetermine how long lo monitor and provide medical attention as cependent
upon the route of administration and dose of the aclive calmative and/or
antidote/saloctive antagonlst.

Specific Advantages of Calmatives Over

Other Non-lethal Techniques

Are there advantages to the production of a calm state in a non-ethal techrigque
versus the use of blunt trauma and/cr compliance through pain? Cne area of

celmeitives. . imight
necessitate medical
ctlontivn. |
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considaration is that blunt trauma has an incidence of orgar damage, which mey
include the ayes, liver, <idney, spleen, heart and brain, that may be permanant or
even death. Other methods of Inflicting paln ‘or cantrel of an Individual are
sometimes socially unacceplable. in contrast, a pharmaceutical agent may ke
administered in & discrete manner to 3 seiacted individual or a drug agent may te
selected with a known duration of effact. Moracver, much llke compiance produced
with blunt trauma or other restraint method, virtually all individuals will respend n
a dase-dependent manner, The fimitation to the use of calmatives in a non-lethal
technigue may, therglore, be re atively few.,

cvirtually all individuals
will respondd i a dose-
clheadonit mmenier,

Tra Advantages ard Lmitaticrs
of Calmatives far Use as a
Man-Letkal Technigus

1



Literature Survey - Methodology

Provida a comprehensive survey ofthe medical literazure identifving pharmaceutical

agents that produce a calm stala with potantial for usc as a ncn-lethal techniqua. L. ,’Jfrf,i' Sgw-}’(n{j 1{}?’06355

This information will provide a database of current relevant camative Iterature,  redslizend the st up bo-daile
information currenily

The Search Process aragitabie on

A comprchensive and intensive search of the pubished recearch literature wae [)}Jzﬁma(ruﬁl‘,‘(d
conducted on pharmaceutical agents with potential utility as calmalives. The overall c;cwzpoz;miv uneler
strateqy of e search process was to identify key topics (e.g. camativas, sedation),  derelopmen.
drug classes (e.g. benzodiazepines, opioids), drugs (e.g. RB101, midazolam), and

behaviars {c.g. aggression, agitation}, and then systematically search a wide variety

of biomedical research fesature dalabases. O a weekly and surielinies daily bases,

results of ssarches were reviewed by the Researchers and {urther refined and

redirected. n addition to he Researchers, searches were conducted by two postdoctoral

laval individuals with backgreunds in neurnpharmacology and with assistance froma

‘eference libratan at Penn State University, As the volume of material is so extensive

under many of lhe topics, the task required constant assessment of the guality of the

-sfarence material and relevance to the non-lethal technique raquiremants.

In addition, cammerdally available databases were ssarched, including DIALOG.com
and IEDB.com {Investigaticns Drug Development Base). These sources were carcfully
selectad for high quality and their access and emphasis on the newesl developments
n drug developmant, including compounds undergoing drug discovery and Phase |, 11
ar lil clinical irvestigation 1dals, Thus, the search procass ulifized the most up-to-date
rforrmalion currently available on pharmaceical compounds urder development. It
shouid te noted that the Researchers did not have access (o any proprietary information
that had not yet been published or protectad by patent-related activity; such data
access would require individual disclesures and confidentiality agreements beyond
the scope of the present invastigation.

Recards were rmaintained on alt searches, including key words, dates of searches,
databases searcned, outcomes, and hardcopies.

Profile of the Calmative Database
all refzrences identified inthe search process are included in the catabase temed
CALMATIVE: this datazase includes over 7.800 reforancos.

References and abstracts were placed ir a4 Relerence Manager format that is
designed for use with Windows S8/85/NT. The CALMATIVE database i included with
this report gn a formatted ZIF drve and ig available in printed format upan requast.

Tre Advarranas ane Liminatans
of Calmatives for llsaas a
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11 add tian, 1o improve the ease of subseguent use of the CALMATIVE database,
a secony formattzd datatiase, termed CALMICPICS dztabase was devsloped.
This database which includes identificat on of subtopics znd themes identified for
referances includad in the master CALMATIVE database. The topics and themes
included in CALMTQPICE are | sted in Table 1,

This selactsd database provides a comprehensive survey of the curert madical
literature utilizing pharmacentinat agants to prnduca a caim stata with potantial for
use as a noa-lethal lechniqua (30 April 2000).

TABLE i. TGRICS AND THEMES OF THE CALMTORIC CATABASE.

1. Galmalives

2. Aggrassion

%, Antipsyehotica end Aggression

4. Treotmaend of Agitation

E. Treatmerl af Panic

€. Animal Moded of Pani¢

7. Lactate Induced Panio

4. Alneepirana

€. Lesopitron

10, Benzodiazapine

1. Banzadiazepine — Machatism

12. Arxiaty in Mice

13, Anxiety in Rats

14, Anxiedy in Mammals

ih, Aqxety in Humans

15. Arimal Screening

17 Diginhihit 18. Zaniclong
19 Falpidrm 20 Za.ephan
21, Flumazani! 22 Resini‘eraloxin

=4, Divalproax

24, GABA, Receptor & Deficienl

25, GABA, Rogoplor & Mulan

26 GABA, Heceplor & Tansgenic

27, GABA, Receplor & Anxiety

23. GABA, Recepior & Sedation

28 Alprarolam

30, Nelazedone (Panic 8 Nefax — Vankatax — Fluvox)

31 Velproale & Ranike Disarder Aggress on

32 enkalzine, Flavotarning, Nelazodone, Mirkazapine & Agorassion

3. PTSD - Drug Thedapy

34, Lorazepam

55, Midazolam (Varsed}

38, Flunilezedsm

7. Etizolam

38 Sheri-acting Benzod szepines

5. AlptaZ sgorist B Agialicn

40, Alpha? Aconist & Parie

41 Alpha2 Agenisl & Rasloperative

42 Adpta? Acanist & Sedabioe

43, Clonidine & Sedaton

44 Cianidine & Agitetipr

48, Cloriding & Pain

43, Clonidine & Postopsrative

47. Dexmete lomiding

48. Dopaming Receptor Agonis:. & Sch zophrenia

43. Copamine Recepior [DAR) Agonist & Aggression

50. Dogaming Receptor (AR} ATtagonist & Aggression

£1. Doparmine Raceplor {DAR; Anagonis! & Agitation

52_Dopamine Hacapter (DAR, Aragenis! & Schizophrana

53. 03 & PCP

4. PGP Faychosis

55, PD 128907 (DI Agonist}

56. D3 Receptor & Schizophrenla

57 03 Receptor & Paychosiz

58, D4 Receplor & PLE Psyck.osis

55. Phecyzlidine & Dopamire

&0, Phencyclidine & Macharism

G1. Gleamide

&2, B-Hydnoxytryptamine Mcgul ne

£3. Seriraline Aogression

&4. Buspirone & Anxiely

€5, Buspirone & Aggression/MocdfComaat

B8 Buspircne & Tranguiizers

67, Buspirona & Motar Activity

£8. Busplune & impulse Control Disordar

64, Buspirang & Fhobic Lisordars

JU, Buspirona B Alcohol Linnking

F1. Buspirone & 5H 1 anlagansis

F2 Buspiene & UA/D; recoplons

3. Carfentan|

74. Propofol {Diprivan)

75. Oploid & impuise Conrsl

76. Qpicld & Aggression

F7.4Au Aguinsls

B Orahasin Fy

T4 Bigna & Agyression

BO Aweo clwoide

&1, CRF Antagonists

62, GCK

#3. CCK Receptors

84 CI1015(SCKD Antagonisat)

a5. C1-588

85 CR-2045. (GCKB Antaganist)

Tae Arvantapes ard | mitatlens
of Calmarivern for liscas a
Hun-Lalhial Technigue
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Br.Humaﬁ, Hypersertise ism & Aggressicn

&€ Human Hypercortlgoliom

29 Salway Colient

S0, Neurcpaptidas & Anxiety

91, Prohormana Tonvartase/Proprolein Converlase

82 Meurpieplide ¥ Antagorist

91. Yeuropepude & Antagonist - BIBPI226

9d. Maurpoaplida ¥ & Agonist

9E. Neuvropeptides/SLbslanca P Andagoniste

86, Ursco tin & Antaganist

7. Onyeotin & Agonist

08. (3HB

60 Neuroleptic

107, haumlaptanalgasis

i1 Rispericione

102, T-amadal

103. Cilocoling

104, MEIl & Fedont

105, Nilric Oxida Syathose —Brain

103. FO 48-6731

107, Sevofiurane

104. Casllurans

163, lscflurang

113. Bulanediol

111, Gastrin Receate”

112. futhor - Re nscheid, 5K,

112, Author - Kaslar, AL

Tine Acbsobaggon sno Limecstaoon
of Calmatives kor Useas a
Hon-Lethal lechuque

t4




Selected Calmatives — Results

Provida an n-depth review of selected calmatives identified by the literature search
with high potential for further consideration as a non-lethal technique.

Rationale for Topics Selected

The pharmaceutical drug classes and agents selectad that ars highlighied in the
fullowing section have been chesen for an appropriate action as a caimative {Takle
2). These compounds have been demonstrated, indicated and/or are being
developed to treat agitaced, aqoressive and/or anxiety-related behaviors and,
hence, result in a calm state. A range of drugs with distinctly different cellula- and
molecular mechanisms ot action with diverse bivlogical and physiological eliects
has also been ifcluded. We recognize thal “an ideal calmative” may well ba
dependent upen the situation in which it is ultimately deployed. Therefore, it is
impaortant that all promising candidace calmatives and options be explored.

For each drug c ass and pharmaceutical agent chosen for funiher discussion, a
brief summary of characteristics is provided, fcilowed by & more in-depth discussion
with selectort references.

TABLE 2. SELECTEDR CALMATIVES.
Drrug Class Selected Compounds Site of Action
Benzodazeplnes dizzapina {Velium? GABA rocesdons
migazsiam (Varsad)
etizalzm

Alumazenil (artaconist}
Alpha, Adrenergic Receplor Agonists  clonidine

dexmedeton:ding (Frecanex)

fiuparoxan {Entegonist)
Dagamine D3 Receptor Agenista pramipexola B3 receplors
1007
PO 128907
fluoxeting {Frozac)
sertra ing {Zoloit

Alpha,-adrenergic recaptars

Selertve Seratonin Reuptake 5-HT transporter

parcxeting
WO-03500154
Serotonin 5-HT , Beseplor Agonisls — buspirone (Buspar) §-H1,, receptcr
lesopilron
alnespirone
ML -2
WAY- 100,638
cleamide
Opiocid Receptors and Au Agomsts merphing
canerkani

Wy reception; enzymatc

neloxona (antagon|ist)

Neurciept Angsinatics propolol {di-lso-propyiphensl; GABA eoeptul

The Adwgmages anc Limamlicna
of Galrativzstor Lso As &
oy Lethial Tao rifgae
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Drug Class Salected Compoinds Sile of Action

draperidal and fertany: DA, NE. and GABA recepions
combiratior (Innovar)
ahencyclid nes (Kelamina} Opioid receptors
Corlicotronin-Falaasing Factor CF 154,525 {amagonist) CRF receptor
Receptor Antegonists MBI 27314 (antagonist)
GAF-BP (Einding precing
Cho coystoking B Racaplor Antaganists COK-4 CCKB raceptor

C1-988 (antaganist)
Gl-1015 funlagonist)

Benzodiazepines
SE._ECTED COMPOUNDS:
— diazepam {Valium)

— midazolam (Versed)
—atizolam
— flumazenil (antagonist)

CLINICAL EFFECTS!

Benzodiazepines are used as calming agenls, lor irealinen ul anxisty {anxiolyiics),

amnesia, pre-operative sedation andind Jction of gerieral anesthesla. A side effect

Is ihal thase agents depress respiration and the cardiovascular syslem.

Benzodiazepines ars used extensively on a daily basis, as omal and imravenous

agents, anc fall inlu 3 calegories:

1. Ultra-short acting agants {midazolam) with therapeutic half-lves measured
in minutes ae used for sedation and anesthstic induction.

2. |mtermediate acting {iorazeparn) with hali-lives of 1C-18 hours, ars used for
snont-term relief of anxiety symptoms.

3. Long acting agents (diazcpam) with eliminatios halfdlves of 100 hours or
more are used for treatment of anxielv d:sorders and adjuncts in managing
saizure dico-ders.

Paradoxical reactions, such as anger, hoslilty, ard mania have bzen reported
with presently available benzodiazepines.

FlumazenH, is available as an antidole to benzadiazepines and has been used as
an effective competitive antagenist in cases of toxlcity or overdose.

MECHANISM OF ACTION:

Benzodiazepines stimulate and enhance gamma-aminobutyric acid (GABA) which
is ihe major inhibitory neurotransmitler in the central nervcus system (brain and
spinal cord.

There are seversl GABA recopiors [GABA,, SABA,, GABAL) which have further
sub-units and isotypes of sub-units (see full description). Ciffergnt regions ot the
brain 1ave receplors of differing combinations of subkypes, trus conferning diffsrent
pharmacological propertias In various areas of the central nervous system.

Bewnzodiazelins. .
depress respiraiton ane the
cardio-vascular istem,

Diazepam (Vafium)

Tae Advavages and Limitations
of Calmatives for ss esa
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Dus to the existance of differing GABA raceplor sub-units in various brain ragions,
it may be possible to design benzodiazeplnes that mediate sedative effects without
preducing respiratory and cerdiovascular depression and also lacking the
paradnxical effects of stimulation.

PHROFPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TEGHMIQUE:
Benzodiazepines are prototypical calmative agents with varying profiles irom rapid
onsetand saart-acting, through Intermediate acting, tovery long-term effects. Tre
agents can be administered by a varety of routes, including eral and parenteral
iintrarmuscular and intravenceus). The benzodiezepines have synemgistic effects
with several other pharmaceutical agents with direct and indirect GABA effects
{e.g. barbituates and nargotics). leading to lower doses, and enhanced safety, for
both groups of agents.

This literature search has indicated that benzodiazepines (and all GABA receptor
agonists) have a major potential use as non-lethal lechnigue calmatives.

DISCUSSION:

Gamma-aminobutyric acid {GABA} is the major inhibitory neurotransmitter in the
mamrmalian central 1ervous system. Several receptors, termed GABA,, GABA,,
and GABA have been identified as endogenous targets for GABA binding. Both
GABA, and GABA( receptors exisl as receplor-chloride o cannst helero-
oligomeric macromolecular complexas, while GABAgreceptors are members of
the G-protein coupled receptor super-family.

Many pharmacologic agets with anxioltic and sedative properties arg known o
intaract with GABA, receptors. This receplor is comprisec of at eastthree differant
subunits, termed alpha, beta and gamma. Severa diffe-ent Isotypes for each of
the subunits have been identified, including six diffarent alpha subunts, 4 heg
subunits, and three gamma subunils. The sleichiometric arrangemert of these
subunits is prasently unknown. Howsver, receptors In dittesen: reglons of the
brain are compnised of ditfering combinations of sultypes, thus conferring different
pharmacclogic properties to the receptor-ion channgls in various arsas of the
central nervous system.

Experimental analysis has shown that GABA binds to sites on either the alpha or
beta subunite of the GABA,, raceptar camplex. When (GABA is bound to its receptor,
chloride conductance through the ion ¢hannel portion of the receptor is initiated.
As ghlorice ions pass thrcugh the ion channel, nau-onal membrane
hyperpolatization resulls, making it more difficLit for neurons to reach thei- threshold
potervial for neuronal firing. Ultimate y, GABA binding to GABA,, receptars rasuits
in a decreased firing rate of neurans in the central nervaus system.

Sedative-hypnotic agents, such as benzodiazepines act at GABA, receptors.
Benzodiazepines do nal subsliute for GABA. however, they augment the eftecis
of GABA hy binding toc the gamma subunit of the receptor-ion complex.
Benzodiazepines enhance chloride conductznce inltlated by GABA's Interaction

The Advenieges 21c Wmuslions
of Catratives kor Use ana
Mai-Lelial Technigque
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with GABA, receptors by increasing the fraquancy of ion channel cpening events.
(It is worth noting thal older generation sedative-hypnotics such as drugs in the
barbiilurale class also act at GABA, receplors by inereasing the duration of GABA-
gatec ion channel openings. Due te thelr low margin of safety, barbiturates have
been largey replaced by the saler benzodiazeping class of agents.)

GClinically, benzodiazepines have been used as calming agents for a wide varlety
of therapedlic purposes including slcep induction, adjuncts lo surgical anesthesia,
epilepsy, depression of polysynaptic muscuioskeletal reflexes, and treatment of
anxiety states. A drawback to usags of benzadiazepinas is that even at tharapautic
doses, respiralary ang cardiovascular depression may accur, pradably as a result
of aclion on medullary respiratory and vasomotor centers.

Although Eenzodiazepines share a common chemical structure, that of a 1.4~
benzodiazepine, the side-greups added to each agent contzr slightly difterent
properties to the various coempounds. These substitutions alter both the
pharmacologic properties of individual drugs, rendering scme agents more
efficacious in achieving varicus calming slates than athers, as well as the
pharmacokinetic properties of the drugs. Pharmacokinetically, benzodiazepines
vary in their rates of onset of activity and their duration of action, which isinfluenced
by route of eliminaticn and the presence or absence cf active metabolites.
Chinrazepate and diazepam have a very fast onsat af action that tarminates rathar
stowly resulting n elimination "alf-lives ol 100 hours or more. The properlies of
these agents render them wetll suited for managing anxiely disorders, particuiarly
related to acute alcohol withdrawal, and as adjuncts in management of seizure
aclivity. Other agenis such as alprazolam and lorazepaT are relatively short
acting. The onset of activity of thass agents has been termred “intermediate” and
these compounds have therapeulic Falf-fives of approximately 10-18 hours. These
agen:s are indicated for the short-term relief of andiely symptams. Sttt other
benzodiazepines are ultra-short acting. These drugs have a very rap d onset of
action, which terminates in a matter of minutes, Clinically, midazolam is an example
of an ulira-shorl acting benzodiazepine. Midazalam is useful for sedatior and
anesthetic induction, processes which may occur in as little as two to five minutes
lollewing intravenous injection.

Alprazolarr is administered orally and used clinically 1o manage anxicly or panic
disorders. Although, primarily used as a calming agent, paradoxica: reactions
such as severa angar, hosiility, and man:a have been reported with this agent.
Whils banzodiazepines are considerad to have a wider margin of safety than
bastilurates, deatl is conceivalle with h gh encugh doses due to depressive effects
of these agents on medullary funcliens. However, there are no well-documented
fatal overdoses rasulting from oral uss of benzodiazepines alone; most fatalitiss
indicate benzodiazepines ag only a camponent to overdose in combination wth
multiple diuy injections.

In contrast to alprazolam, which is administered only by the orzl route of
administration, midazolam is typically given as an injection. Midazolam has found

.. benzodinzehines have
beer: used s calmrding
agenis for aaide varsety of
therapettic uoposes
inclisding sleep induchion,
adjenicts o sirgical
aneshesia, eprepsy,
dapressivi of potysynaitic
msculosheletal reflexves,
e Freatmerntd of aniely

SELES,
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use primarly as a preoperative sedative agent although it is alss administered for
sedalion, ardolysis and amnesla prier 10 or during sho't diagnestic procedures.
Midazolam may also be usad as an induction agant for gensral anasthasia.  An
off-label use of nidazolam involves treatment of epileptic seizures. Midazolam
has been associated with respiratory depression and respiratery arest lead ng lo
death or hypoxic encephatopathy. Althougn benzodiazepines have lie potenliatlo
produce respiratory depression and cardiovascular collapse in overdose situations,
thair salety profiles are considerably safer than older generalion sedative agents.
Furtharmors, in cagas of toxicity orovardose, 2 henzodiazepine -acapor antagonist,
flumazenil, is available that can be dlilized to reverse adverse effects of
benzogiazepine over-administration.

Meower, investigational short-acting benzodiarepinas are currently unoer
invastigalion lor potentiel roles as calming agents in vanous types of anxicty,
deprassiva disordars, and even schizophrenia. Elizelamn, a short-acting
benzodiazepine with climination kinetics between those of short-interrrediala and
ultra-rapidly sliminated benzodiazepines (Fracasso et al., 1991}, is onc such agent.
Following admiristaation of etizolam to patients suffering fram panic disorders,
significant mprovements were seen in the following areas: chronic anxiety, phobic
ideas, depressive symptoms and episodic anxiety (Savoidi etal., 19901, Additionally,
etizaolam has alsn hesn used sucersstilly to suppress schizophrenic acditory
hatlucinations refractory 1o antipsycrotlc treatment (Denazzi et al., 1393). Another
investigational benzodiazepine is Ho 48-6791. This agent has beern found 1o be
camparabls with midazolam, with a slightly sharter duration of action (Tang et al.,
1998; Dinpemanse etal. 1997). Ro 4R-6791 is currently ir phasze || clinical trials
far evaluation as an anesthesia inducticn agenl. Furthertrials are neecedtc more
fully evaluate the effectiveness of these compounds in medtating varlous calmative
states. Their clinical utility, in comparison with cther benzodiazepines, remains to
he determinar.

In additian to the search for new skort-acting compounds, another area of
benzodiazapine research is fooused on the distinct pha-macelagic propert es
mediated by various combinatons of GA3A, receptor subunits. In experimertal
systams, the intrinaic aclivity of benzodiazepine receptor ligands has been found
to vary with different combingtions of recaptor sustypes (Knofiach et al,, 1993),
The degres of receptor modulation appears o be influenced primatily by the type
of alpha subunit present. Sevaral agents including bretazenil and .midazenit are
presently being aveluated tor effectiveness as calming agentsin various disordors
by tzking advantage of thelr selectivity for various GABA, recepior subunlt
combinaticns.

With GABA,, receptor subunits expraseed diffarentially in various brain regione, It
may be pussible o design benddiazepines that mediale sedative or anxiolylic
effects without causing raspiratory and cardiovascular depression. Much
information remains to he garnered regarding the properties of varicus combinations
of GABA, receplor subtypes n the brain, both with respect to their localization
pallerns within the central nervous systemn and their pharmacelegical properties.
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Further experimental rescarch in this arca may aid in the design of drugs that
meadiate caiming proparties withaut sliciting other edverse svanis.

SELECTED REFERENCES:

3enazzi F, Mazzoli M and Rassi E (1993) Audilory hellucinations suppressed by etizolam
In a patient with schizophrenia. Canadian Journai of Psychiatry 38.574-575.

Dirgemznse J, van Gerven JM, Schoemaker RC, Roncari G, Oberye JJ, van
Caostenbrugger MF, Massarella J, Segala P Zeli M and Cohan AF (1397)
integrated pharmacokinstics and pharmaccdynamics of Ro 18-8701, a naw

benzodiazeping, in comparison with midazolam during first administraticn to Dexredetomicing, .
healthy male subjects. British Journal of Clinical Pharmacology 44:477-486. Prodieces good sedation,
Francasso C, Confalarien S5, Garatlini 5 and Caccia S (1891) Single and Rigliris j;.m-'c?{wrrsnior
mukiple dose pharmacckinetics of etizolam in healthy subjocts. Europoan nifievinessd avd wodevale
Juurnal of Clirtival Pharinacology 40:181-185. c?'}ifﬁfg"&“fd withorit
Knoflach F, Drescher U, Scheurer L, Malherbe P, Mohler H {1993} Ful and CHFEIOLaSTILay COmpYorise,

part al agenism displayed by benzodiazegine receptor ligands at
racembinant gemma-amine butyric acid & receptor subtypes. Journaf of
Fharmacelogy and Experimental Therapeutics 266:385-321,

Savoldi F, Somerzini G and Ecari U (1920) Etizolam versus pacebo in the
treatment of panic disorder w th agoraphabia: A double-blind study.
Currant Medical Ressarch Opinion 12:185-180.

Tang J, Wang B, White PF, Gold M and Gcld J (1996} Compariscn of the
sedalion and recovery profiles of Bo 48-87%1, a new benzodiazepine, and
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Alpha; Adrenergic Receptor Agonists
Se ected Compounds:

—clanidine

— doxmedetomidire (Precedex)

— fluparoxan {antaganist)

CLINICAL EFFECTS: _

Alcha, adrencreceptor agonists cause sedation, anxiolysis and enhancethe effects
[synergism) of both general anesthetic and local anesthetic agents.
Dexmedstomiding, in low doses, produces good sedation, some psychomolor
impairment and moderate analgesia without cardiovascular campromise.

MECHANISM GF ACTION:

The zgents are seleclive agonists at the alpha, adrencreceptor lecated in the
brain and spiral card. Clonidine {as the original drug). is five-fold less selective
lhan dexmedetomidine, causing transient hypotension due to atimulation of the
dlphay adrenureceptorn in the peripheral vascular sysieql. Therelore, cioniding
should not receive furtaer considaration.

Dexmedetomiding acts selactively on the alpha,, adrengreceptor by apening
inwardly-rectilying K+ channels distributed in bocus coenuleus ol the central nervous
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system and causes an anti-nociceptive {anti-pain} sffsct. Dexmedstomidine was
originally developed as & sedative-analgesic for veterinary medizcing. It was
released in March 2000 in the USA as an "anestretic” for sedation in intensive
care patients as an anxiolytic agant.

Dexmedetomidine potentiates several anesthetc agents (e.g., thiopentore
induction requirement is reduced by 23%, andisofiurane requiremsnts are reducerd
by more than 90%), as well &s decreases the requirements for opioids (e.g.,
pentazocine requiremant for post operative pein relief is decreased by 70%).
Furthermora, dexmadetomiding significanty pctantiatas elactro-acupuncture 1o
suppress cerebral evoked potertial and, thergfore, has potential for use with “sticky
sharkar” {(sas helow). This alpha, adrenorecepter agonist elso attenuales the
side effects of ketamine, including cardio-stimulatory as well as dslirium effecis
and this interaction mzy be important for ron-lethial technigue use.

PROPDSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHMIQUE:
Dexmedetomidine ean be administered ag an intravenous, intramuscular and
ransdermal agent. Used in ganjunction with most other sedative agents, this
drug markedly (23-80%) reduces the dose requirement for the primary agsnt,
oftan reducing side effects leading to Increased safety of the mixture of
sharmaceautical agants.

Tna interesting phenomenon of potentiating electro-acupuncture opens the
nossibility that use of this agert in conjunction with existing (e.q., sticky shocker}
and proposad non-lethal techn ques {eloctro-magnetic wavae) ie warranted. The
concept could be cons dered that uxpusure ol a group lirsl 1o e pharmacoloyical
agent {ieading to mild sedatlon and sleepiness), can then be added o anothar
directed non-lethal technigue, This approach would address eflects on the few
naividuals whare an average dose of the pharmacciogical agent did nct have the
desired effecl. This apprcach offers the advantage of avoiding the use of a hgher
dose of pharmacological agent, which may prove 1o be too much for some individuals,

Fluparoxan is under development as an antidote (competitive antagorist) for alpha,
adienoceplor agonists. The availability of a highly selective antagonist will permit
the rapid reversibiliy of drug-induced offects and enhance the safely profile of
alpha, adrencreceptor agonists as non-iethal calmative techniques.

Dopamine D3 Receptor Agonisis
SELECTED COMPOLNDS!

— pramipexole

- 1007

—PD 1283907

CLINICAL EFFECTS:

Tha £3 racaptor agonists have been extensively investigated as calming agents -
this i their presumcd mechanism ol action as anfi-psychotic agents. They have
yielded promising resuits in catmning abnormal states preduced by agents such as
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phencyclidine {FCP). D3 receptor agonists have also baan found to be useful in
biocking convulsant effects of agents such as cocaing. Multiple other uses for D3
and cther dopamine recepter agonisis have a so been investigated (see expanded
section).

MECHANISM OF AGTION:

Dopamins is the pradaminant catecralamine naurotransmittar, or chemical, inthe
brain that transmits messages between nérvecalls. Inthe central nervous system,
dopamine has been implicated in the contrel of a variety of furctions including
regulation of molivation and positive reinforcemen:, logomoto- activity, cognitian,

emaotion, as well as endocrine regulation.

Four main dopamingrgic pathways exist in the brain with associalad behavioral
functions:
— coordination of voluntary movements (nigrostriatal pathway)
- mativational, emational and cognitive lunctions (mesolimbic and
mesacartical pathways)
— endocrine funct ons {tuberoinfundibular pathway)

Dopaming exerts its actions in the central nervous system by interacting with five
dilferent receptors lermed D1 through D5.

PRUFPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHMIQUE:

The coparring D3 receplor agonists are of greatinterest as a non-lethal technique
thie tn the nalmative effects of these agants, as weall as effects an mativation and
on locomotion. Furtherrore, ihe ability of the D3 receplor agenists to celm &
psychotic subject, especially those witt emolianal behaviar due 1o drugs such as
PCP {phencycliding} and cocalne, acd further value to these D3 receptar agonis:s.

DISCUSSION:

Dopaming Is the predominant catecrolamine neurcirans Titer. or chemilcal, in the
mammalian brain that transmits messages between neurons. Inthe central nervous
system, dopamine has bean implicated In the contral of a varety of functions
including regulation of locomotor activity, cognition, emeticn, positive reinforcement,
and endocrine reguiat.on.

Four main dopaminergic pathways exist in the mammalian brain to account for
dopamine's central activity: the nigrestriatal pathway, the mesalimbic pathway, the
mesceorlical paihway, @nd the luberoinfundibular pathway. The nigrostriatal
pathway ariglnates with dopamine-producing cells in the substantia nigra pars
compacta which project to the dorsal striatum. a structure associated with tha
coordination of voluntary movemants. Degenaration of dopaminergle neurans within
this pathway have been implicaled in Parkinson’s discase. The mosolimbic patt wdy
originates in the ventral tegmental area and projects to the nucleus accumbers,
oltactory tubercle, and parts ol the limbic system (septum, amycdaloid complex,
and piriform cortax). Lika the masolimbic pathway, the mesacortical dapaminergic
pathway also has its origins in the ventrzl tegmental area but projests to the frontal,
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cingulate, end entorhinal cortices.  Together, the mesclimbic and mesncantical
pathways are involvad in emotional, motivational and cognitive functions. It is
believed :hat aberrant dopam nergic neurotransmission within the
mesocorticolimbic pathways underlies the discase of schizophrenia. Tre
tuberoinfundibular pathway is comprised of dopamine-producing celis in the arcuate
nucleus whish release dopamine inta tha median eminence. Dopamine exer's an
inhibitory effect 01 profactin secretion; therefore, in the tuberoiniundibiular pathway,
dopamine regulates endocrine functions.

Dopamine exerts its actions in the central nervous system by interacting with five
differenl receptars (21, 02, D3 D4, and Db) which anise from five distinct genes.
These receptors car be further separated into sublamiiies based on pharmacology,
sequence komology, and bicchemistry. D1 and D5 receptars arc similar to each
other with regard to amino acid sequence, enatomical distributian, and biochemical
nalhways activated following receptor sTmulation. As a rasult of their similarties,
D1 ard D5 receplors are commonly relerred to as D1-like raceptors.

yizhin the central nervous system, both D1 and D5 racopiors are expressed at
high levels in the cortex, striawm, and hippccampus. Ultrastruciurally, D1 receptors
are predominantly locased o1 dendritic spines whereas, D5 receplors are
preferentially expressed on derdritic shafts. This difterertial distribution suggests
that aithough D1 and D& recoptors possess similar pharmacolegy thay ars not
functionally redundant receptors. Stimulation of D1-like dopamine receplors in
the central nervous system results primarily in activation of adenylate cyclase,
although there is aisc evidence to suggest a role for D1-like receptors in the
meodulation of intraceilular caicium levels as wall.

D2, D3. and D4 receptors are also grouped togsther and are commonly referred
ta as D2-iike dopamine receplors. D2-fike dopaming receptors are structuraily
homnologous 1o ono another and biochemically inhibit adenylate cyclase activity.
White second musssnyer aclivily varies lrom cell line o cell line, D2-.ike recedtors
are also capable of mediating changes In intraceliular caleium levels, modulating
potassium ievels, polentiating arachidonic acid release, and activating a sodium/
hydragen icn exchanger. D2 raceptors ase pradominanlly expressed in the striatum,
although their expression is widespread and is also located in the nucleus
accumbens and various cortical and subgortical regions. In contrast to the
widespraad localization of D2 recepltors, the localization of D3 and D4 receptars
is restricteo primarily to limbie regions ofthe braln. D3 receptors are predominantly
lacated in the nucleus acgumbens, olfaciory tubercle, islands of Calleia and lobulss
% znd 10 ofthe cersbelium. D4 receptars are highly expressed in the trontal cortex,
amygdala, hippocampus. and hypothalamus. Additionally, splice variants of D2
and 03 dopamine recentars have also been identfied. The D2 spiice variant, termed
D£5, appears to function in a manner similar to ita full-length counterpart; however,
the splice varian:s identified tor D3 receptars appear to eithar ba non-tunctional or
to reculate cel-surface expression of DS receptors ih a dominant nsgative manner.
Presently, the functional effects that co-exprassion of D3 receptors with D3-splize
variants have on dopaminergic neurctransmission i3 under investigation,
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Fhysiglogically, D3 receptors appear ¢ play an inhibitory sffect on locomotion,
D3-preferring agonists inhibyit locomaotor aclivity, while D3-preferring antagonists
slimutate locomotor act vity in experimental animals. Furthermore, mice genelically
enginecred ta be D3 -ecaplor-deficient are hyperactive comparad to contro’ mica. For
Ine most part, hovever, the role of D3 receptor in the physiology of the dopaminergic
system is largely unknown. Because D3 receptors are specifically expressed in limbic
and certical regiors invalved in tha confrol of cognition and emalion, they are attractive
largels for new generations of antipsychotic medications,

An association nas recently been mads with ragard fo schizophrenia and
abnormally spliced D3 receptors. Post-mortem findings have indicated that n
sevaral brain reqions, schizophrenic patients express primarily D3nf, a D3 receptor
splice varia, and very little if any D3 receplors. This finding, coupled with tra
recent demonstration that when cc-expressed in vitro D3nf may prevent C3
recaplors from reaching the cell surface, suggests Ihat sbnormal function/regulation
of N3 receptars May he irvolved with psychases associaled with schizophrenia.

Hecently, a F DA-approved D3-preferiing receptor agonist indicated for the treatme it
of Parkinson's dizease, pramipexcle, was used successfully in conjurction with
iraditional neurcleptic treatment in schizoph-eric patients. Positive a3 well as
nagative symptoma of schizophrenia were reporledly diminished by 22 82% when
pramipexole was added to haloperidal drug therapy (Kaspar et al., 1837). Ancther
agent, CI-1007, a putative dopaming autoreceptor agenist and parlial D2/D3
raneptar agonist, is cu-rently under development specifically for the treatment of
schizophrenia (S-amck ctal,, 1998). Thus far, these studies have enrclled anly 2
smatl number of patients and have only been conducted for shert ime periods.
Mare exterscive experimantation examining the sffect vaness of D3 receptor
agonists as calming agents will be required to elucidate the mechznism ot their
antipsychotic action,

The calming nature of D3 receptor agonists in treating diseases such as psychoses
at first seams 1o be counter-intuitive given the current repertaire of drugs used as
antipeychotic agents, which have historically been D2-lika raceptor anfagonists.
One schoel of thought on the paradoxical effectiveness of D3 agonists as calming
agents is refated to the localization of D3 recepters within neuranal synapses.
Within the mesocorticolimbic system, D3 receplors are located pre-svnaptically
and function as autorecoptors. As such, ene funct onzat role ol D3 sutoreceptors
5 lo regulate dopamine release in an inhibitory manner. It could be proposed that
£ D3 raceptors ara not proserly localized withir dopaminergic synaoses, they might
1ol mediate approprigte autgreceptor function,  Failure of proper D3 receptor
function could be due to laulty depaminergic circuitry as 2 result of D3 receptor-
second messenger uncoupling, mappropriate B3 receptar pretein-protein
nteractions, or lack of D3 receptor celi surface expression dueto over-expression
of D3nf or cther D3 receptor splice variants, Failure of D3 autoreceptors o relay
appropriata negative terrhark in rezponse to dopamine may result in overactive
dopamine 1elease. Excessive dopamine can, in tum, he blockad by treatment
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with depamine receptor antaganists (current therapeutic appraach to schizophrenia
treatment). Afternatively, if this hypothesis 's correct, pharmacelogic agonisis
specifcally targeting D3 autoreceptors might alsc prove sifctve as calmatives.

Another D3 -aceplor agonist, PDll 2890, has also yvielded promising results inarimal
modele of echizophrenia. Exparimenta models of schizophrenis in rats may be
induced following administration of various pharmacelogic agents including
phencyclidine (PCP), apcmorpnine, or dizacipine. Administration of PD128907
was found to produce a1 unusuz| sedative effect on stereotyped benavior inseveral
tat models of schizophrenia (Witkin et al., 1998). This sedative eHect was
comparatde in elficacy Lo clozapine and more efficacious than that produced by
haloparidol, two commonly used anli-psychotic medications. Additionally,
PD128907 caused no movement disorders, a commo”, severe slde effect of
haloperidel treatment (Wilkin et al., 1998) norwas PD12E907 associated with life-
threatening blood disorders, a limiting facter of clozapine therapy.

An additional mechanism of action of the D3 receptor agonists pramipexole and
PD 128907 may aiso play a rale in their antipsychotic aclivity. These D3 receptaor
agonisls are polent antioxidants and have been shown to be neuropratective,
preventing neurcnal death caused by high local concentratons of dopamine.
Furthermora, these D3 recepter agonists were shown to enhance 1ha growth of
dopaminergic neurons {Ling et al, 1980). The neuroprotective and antioxidant
prope-tiss of these D3 receptor agonists aids in explaining the benefit that these
agents provide in animal medels of PCP-inducad psychosis. | he traquent!y ablsed
drug PCP appears o induce psychosis oy modulation of several ncurobansmitter
systems, acting hath as a NMDA gittamates recaptar antagonist and an inhibitor of
dopamine reuptake. Togelher, this results in insreased concentmationz of dopamine
In neurcnal synapses following PGP administration, which is deleterious 10 the
sunvival of neurons. Therefore, il appears that DI recepior agenists may exert
their calming, antipsycholic actans witkin the cential nervous system via sevaral
difterent and unigue machanisms.

Another interesting featurs of the D3 receptor agonist PD 28907 is that this agent
has also heen faund effective in biocking convulsant and lethal effects of cocaine
administration (Witkin and Gaslor, 1998). The mechanisms by which a D3 receptor
agonist may exert such dramatlc calming properties s currently unknown and
thus more experimentaticn targeted at understanding the physiclogic lunction of
D3 receptots is warranted. Further development of D3 dopamine recaptor specific
agenists and antagenists will ke requirad to elucidate the calming effects cf D3
receptor agonists such as PD1268207, CI-1007, und pramipexcle. Additional clinical
studies will also be required in order to {ully ascerfain the pharmacolagic
applications for which D3 receptor agonists will be of use as calmative agents.
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Selective Serotaonin Reuptake Inhibitors
SELECTED COMPOULNDS:

= fluoxatine [Prozac)

- sertrating (Zoloft)

— paroxetine

- W(-Da500194

CLINICAL EFFECTS:

Sarptonin selective reuptake innibito s, termed SSRIs, are used therapeutically in
Ihe treatment of several psychiatric d so-ders, including depression and obsessive
compuisive disorders. A drawoack is that these compounds require repeated
administrat on to produce calming effects.

Tha 55H s, including flucxetine and sertraline, ara tynpically usad as oral madication.
Thase compounds are found to be safe and elective and may be used alone arin
camb.nation with fithium salis in the treatment of depressian.

The onset of effective 8SRI drug action is faster when combined with lithium
{decreased from 2-3 weeks lo less than 1 week) for treetment of deprassion. New
scampounds under development (WO 085001 94) are beirg designed with a faster
onsat of action. Drug development Is continuing ata rapid rate in this area due Io the
large market for the treatiment ol depression {15 million individuals in North America).

MECHANISM OF ACTION:

The S3RIs act to directly bloe< one type of receptor for the brain serctonin (3-
hydroxytryptamine; 5-HT)-containing neurotransmitter system, specifically the
serotonin rauptake eites. Once bound tightly to the serotenin reuptake site
(scmetimes termed uptake site or transporlen), these drugs prolong the effects of
serotonin already aclive in the nerve terminal and directly produce an inhititory
sffect on the cell bodias synthesizing the neurctransmitter seratonin. Once this
salective inhibition ks produced, the target projection regions of the serotonergic
system produce a compensalory response, which, in lurh, produces releasa of
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zdditional seratonin in brain areas such as the hypothalamus, hippacampus and
corlex. It is hypothesized that the increase in the amount of serclonin lsads to
improved control ¢l bahaviors linked -his transmitter system, which includs
gggression, agitation, anxiety, ganaral affect (mood), and sleep, among others.
This neurotransm tter systemwas the first of t2 Kind 1o be identified with regulation
of sleep; enhanced jevels of serotonin produced tlowing a large meal containing
t1e preciirser tryptophan, which is found in turkey meat, produces the slecpiness
associated with ingestion of a Thanksgiving turkey dinner.

In acldition to tha seratonin reuptake site, there are several serotonin receptor
subtypes includirg 5-HT 4. 5-HTyg. 5-HTp. 5-HTsa. 5-HT4, 5-HT,, 5-HT, and
§-HTy recepters, among cothers. Thus, these receptors confsr differant
pharmacological nroperties in different areas of 1he central nervous system.

Cther new developments ncluda the iargeting of compotnds with high salactivity
far multipls serotonin recaptors and the serotonin reuptake gite (e.g. EP-0072204,
a 5-HT 4 receptor antagonlst, 5-HT , receptor parlizl agonisl and a 5-HT uprake
inhibitor). The advardage of these new conpounds is the maintenarce of selectivity
and speciiicity of the pharmaceutical agent for the serotanin reuptake site comb ned
with & faster onset of drug action due to synargistic drug actions in defined neurans
and specific brair regicns,

Antidotes to the administration of SSRIs are not available. Howeavser, taxic reactions
to appropriats doses o this class of drugs are minimal.

PROFPOSED CONTRIBUTION AS ANON-LETHAL CALMATIVE TECHNIQUE:
Recant studies have ideniified that S5Rs reduce the symptoms tha: accompary
porsonality disorders and modulate a normal perscnzlity (Ekselius and Von
Knorring, 1999). The clinical efficacy of fluoxetine, seriraline and other 55MIs
well acceptad in the trea:ment of major depression and ir generaized anxicty
disorders. In this reqard, treatmant with these agsnts may continue over periocs
of months and have established a high salety profilz for these agents,

These classes of drugs have also lorg been notad lor ettects on sleap; indeed, it
has been speculated tha: the improverient in depressive symptoms with SSRI
administration may be linked to their abilily 1o improve the onset and quality of
sleep in these patients. Studies of young, healthy veluntears conducted under the
controlled setfing of a steep laboratory indicate a single-dose administered crally
of f1e SSRI paroxatine acutely enhances the appearance of drowsingss and nausea
in a dose-dependent manner (Saleh) et al, 1981).

Reporns have also inthcated treatment of intermittent explosive behavioral disorders
with sertralie In adults wilh impulse control disorders (Feder, 1998). In thisregard,
the S8Ris are teing widely used i1 e effective rmanagement of hehavioral
disturbanees common with dementia (Herrmann and Lanctot, 1908); thess
bahavloral symptoms, which commenly include aggressiur ard agilation, contripue
to the premature Institutlonalization of elderly individuals. While the mechan:sms
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of the changes In brain function which proouce eggression and agitation inthese
patients is not known, the fact that treatmant with SSRIs may reduce the signs
and symptoms to a point where the individual can control their behavior serves to
underscare a rale forthe seratanargic neuranal systemn. tndeed, a role for serotonin
in mediating the paradoxical calming eflects of psychostimulants in an animal
model of hyperaclivily has emerged; acule adminlsiration of fluoxetine blocks the
hyperactivity effects produced by administration of amphetamine or cocaine in a
musant mouse model {Galnetdinov el al., *959). Administration af sert-aline has
alap baen demenstrated 1o significantly reduce iritability and aggressive outhurst
in patiznts with a closed haad injury (Kant et al., 1928).

The S5RIs merit further considaration for effective use as a non-lethal technigue
as based on an extensive review of the madical litsrature. These drugs are found
to be highty effective for numerous behavioral diswurbances encountered iIn
situations where a deployment of a non-lethal technique must be considered. Th's
class of pharmaceutical agents also continues to be under intense development
by the pharmaceutical induetry. Itis likely that an SSRf agent can ba identified in
the near future that wlil feature a rapid rate of onset.
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Serotonin 5-HT,, Recepfor Agonists
SELECTEC COMPOUNDS:

- huspirone [Buspar)

- lesopitron

—alnespirons

- MCK-242

—WAY-100,635

- cleamide

CLINICAL EFFECTS:
Buspirong |5 a prototyplcal anxlolytic drug that doas nat act 'ike a benzodlazeping
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due to its actions as a partial agonist at 5-HT, 4 receptors, Buspirene is highly
effaciive at relieving anxiety without marked sedation. Unlike benzodiazepines,
this drug has no hypnotiz, anticonvulsant, or mJscle relaxant properties 1or doas
it potentiate the CNS depressani effects of convenlional sedative-hyprotic drugs,
athanal, or tricyclic astidepressants. Buspirone is typically used in the treatment
of generalized anxiety staic witn its efieclive use roquiring a weak or more of
treatment. Buspircne produces kess psychomoter impairment and is considered
io have limited abuse liability as comparad ta benzodiazepines, such as diazepam.
Howaver, tachycardia, palpitations, nernvousness, end gastrointashinal distress may
occLr more frequently with BHT, , receptor agonists than with benzadizzepines.
Buspirone is also clinically useful in asslsting In withdrawal trom meeting dufng
smoking cessation programs,

MCCHANISM OF ACTIHON:

There are numaraus serclonin receptor sublypes In the central nervous system,
including the 5-HT4p, receptor. The distibution of this receptor includes a profile
af a high density of binding to the sergtenin-containing cell bodies located in the
midbrain, hippocampus, cortax and amydala. Thus, pharmaceutical agents which
bind lo lhis receplor site with high affinity are situated in areas which control
numerous bahavioral and physioclogical funictions including cognition, nsychosis,
feeding/satiety, temparature requlation, anxighy, depression, sleep, pain perception
and sexual activily,The &-HT,, receptor subtype was diecoverad in 1981 by
radioligand binding techniques and cioned in 1988,

The development of 8-CH-JPAT (8-hydroxy-2-dipropyl-amio tetralin as a selective
agonist for the 5-HT,, receptor has lead to an understanding ot Ihe muliple
physiclogical roles of this receptor as well as its function and distribution in the
central nervous system, Central 5-HT,, receplors have been dzmonstrated to
exist in hoth pre-synaptic (larmed somatogendritic autorecepior) ard post-synaptic
locations, The physiological act vity mediated in the somatodendritic autorecptor
locaiized an serotenin-containing cell bodies has beer established by
electrophysiological recording techniques and naurochemical techniques, including
micrackalysis, Stimulation of the pest-synaptic 5-HT, , receptor has been evaluated
by a variely of behavioral and physiclegical measurements and revealed specific
roles in temperature reguiation and hormeng secretion of AGTH (adrenal
cortiotrophin hormone) which is released In response to stress.

Buspirene, a partial 5-HT,, receptar agonist, has emarged as the first
ronbenzodiazepine anxio ytic; thus efficacy of this drug has further confirmed a
uIEEla getaeart (e o o ' ST Tl SITEIRG O
receptor binding prolile of buspirone is high for the 5-HT,, receptor, lower for the
5-HT; receptor, and nana 1o low affiniy for other 5-HT receptors, noradrenergic.
GABA or dopamirargic receptors. Thue, buspirena Fas highly specilic and unigue

effects on one class of neurot-ansmitter receptor. Numerous compaounds wilh
8-HT,, receptor egonist profiles similar to ouspirone continue to be under active
development by the phanmaceutical industry including lesopitron {(in Phase 11 dlinical
daasy, sissasieRe Jiv Bhass O Shwins el e MILK 242 fir Shawe & diviog) dials?
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Several §5-HT, 4 receptor antagonists, including WAY 100,635, are well character zed
and available to selectively block this receptor subtype (Schechter and Kelly, 19877
These salective receptor antagonists are currsntly baing investigated for their usa
in the treatment of Alzheimer's dicease where they are hypothecized to improve
cuyrilon by a facilitalory effect on glutamatergic neurotransmission (an excitatory
nsurptransmitter). Thae 5-HT, . receptor antagenists are also being investigated
for their ability to be useful in tha freatmeant of arxdety disaroers by anhancement
of 5-HT,, receptor autorecepto- function; this paradoxical effect appears 10 be a
mechanism that induces a more rapid neuroadaptation of the serotonzsrgic system
uncer conditions of ehroni¢c 5-HT 4, receptor stimulation.

Interestingly, oleamide. a mamber of a recently recognized family of amidated
lipids found in the plasma and cerebrospinal fluid of mamrreals, has baen
damonstrated to provide significant neuromodulatory effects at 5-471,, and
5-HT,, receptars (Boger et al, 1898). Incluced in this receptor family are two
endogenous ligands for the cannahinold receptar, anadamide and

_ paimitoyethanolamine, which have direct actions on cannabincid receptor as well

as known neuromodulatory proparlies. Of intarest is the demonstration that
intraperitoneal administration of aleamide induces sleep and has long-lasting
hypothermic effects with distinet neurona’ targeis in the rat and mouse brain.
Oleamide |s a compound that potartially may be usaful in a clinical setting to
enhance the behavioral effects of a 5-HT,, receptar agonist, suct &5 buspirane.
Alternatively, oleamide may be usefulin producing a sleep-ike stete when administrered
alone, although this profile has yet to be fully astatlishad in a clinical setting.

FROFOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE:
Buspirone is o safe and effective drug for the treatmen: of anxlety. and shauld
receive consideration for use setlings in which a nen-fethal technique may be
recqulred. The use of a selective 5-HT, 4, receptor agonist would reduce symptoms
of enxiety inan individual or Individuals and promote a calmer and mere compliant
behavioral state. This pharmzceutical agent has direct effects on serotonin
receplars in brain reglens established as key areas in the regulation of cognition,
mood and metor behaviors.

Dna considaration in the use of huspirone as a non-iathzl technicus, is tha route
and duration of treatment required ic produce a calm state. Currently, oral
madications are required with repeated ingestion over a week cr lenger period
with this compound. Twe naw {ormulations are under ceveloprrent including a
lransderma) for patch) and a iansmucosal rodte of dnig adminisiration (FPhase 3
Clinical trial, Bristal-Myers Squibk Co. and Discovery Phase, TheraTech Inc.). Uss of
a tranadermal pateh to deliver buspironc may be offective in a prison setting whers
there may have heen a recent anxiety-proveking incident vr confrontation and this
epplication warrants furtter consideration as a epesific typs of non-lsthal technique.

Currently new, more polent second-generetion buspirene-like compounds are in
clincal trlals for use In treatmernt of anxiety disuviders, including lesopitron, MCK-

The Advarrages and Limutatisns
o Calmatives for Use as a
Nor-Letrd. Techrique

20




242 and alnespirone. These compounds, much like buspirana, are both safa and
effective in controlling the symptoms of generalized anxlety, which may include
marked agitation and restlessness. Alnespirone is also being evaluated for approval
in the treatment of aggression as low doses in animal studies wera shown to
suppress offensive behavior (Drug Report, 1999 Current Drugs; IDDB.com).
Stgnificant advantages in bioavailablity and side eflects may also be found with
alnespirone as it is metabolized in a distinctly different manner than buspirone.
The cardiovascular effects of alnespirona, however, have not yet been well studied.

Overali, a review of the scientific literature has indicated that buspirane and closely
related 5-HT, 4 receptor agaonists are effective in antagonizing isolation-induced
{White et al., 1991) and resident intrudor {de Boer, et al,, 1999) tests of aggression
in animals. A role for serolonin neurolransmitter systems continues ic be closaly
linked tc aggrassive behavior (Moachars st al, 1898). Moreover, the clinical effects
of busplrone in selected populations which may be agitated or aggressive, including
viclent parolees (Cherek, et al., 1999), psychiatrically hospilalized children with
symptoms of anxiety and modaralsly sevara aggression (Plefler et al., 1897}, as
well as combat disorders (Hammer et al, 1997}, indicate thal further research on
5-HT 4 receptor agonists is warranted for their consideration as a non-lethal fechniqus.
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Opioid Receptors and Mu Agonists
SELECTED COMPOUNDS:

—morphine

- carlentanil

= Naloxone [antagonist)

GCLINIZAL EFFECTS:

Although morphine is the prototypic anaigesic used to treat moderata to severs
pain, an angaing search tar new Tarcotic agents deveid of side effects predamirates
cument pain research. Possible side eflects associated with opioic use include
taspiratory daprassion (potentially fatal), micsis (pupillary constriction), sedatior and
euphoaria. A very poweiful analgssiz, kentanyl, also Fas a high abuse potential and
may ba habit forming (and serious life-threatening respiralory depressior could oceur).

Zarfentanitis a naroctic that can be zdministered via unconventicnal means (=g
balow). This featurc of cadentanil may ke very uscful in treating non-compliant or
unmanagezble individuals. New compao.unds such as MorphifiLiex and AB-107 are
being studied for their ability to alter pain sensation. Carfersanil has a unique
utitty in the practice cf sedating animal populabions. This drug has been used
suecessfully to immohilize a varisty of largs exctic animals and is the only opioid
approved in the United States far this purpose. Garfentanil has been administered
intrarr uscularly via dart injection, intravenousty and orally.

MECHANISM QF AZTION:

Opioid receplors are classilied inlu three dillerent calregoriss based on their
pharmacolegical profilas. Mu fu), defta (d) and kappa k) opioid receptors are
seleclively activated oy the endegenaus agonists befa-endorphin, metisu-
ankephalin, and dynoraohin, respeciively. Raecently, a noval opioid recaptor, OR!-
1, has been isolaled via cloning tecaniques. The ORL-1 receptor and its
endegenous ligand orphanin FQ/nociceptin are pharmacologically compley,
praducing hoth inhibition and potentiation of pain neurotransmission {Pasternak
and Letchworth, 1999).

As oploid cempounds ara capab'e of producing a wide array of physiological effacts,
both desired and undeasired, the distinct anatomical lsesatization of individual opioid
receptor populations becomes particularly important. The distribution of opioid
receptars in the central and peripheral nervous systens (CNS and PNS,
respectively) cor-elates with the therapcutic actions and side effects of opiae
analgesics. Due lo their powerul analgesia-producing propserties, mu receptas
and mu racaptor-selective agonists have been the primary focus of pain research
and rranagemenl. Each of these effects can be raversed by the administration of
the opioid receptor anlagonists nalovene ¢r nalfrexone,

These antagonistic acents are therapautically important due to thelr abillty =
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reverse syirptoms, particularly respivatory depression, of an opiate overdose.
Morphine produces its anlinociceptive eflects by interacting with mu opioid
receptors selactively. Fentanyl is a rmu opicid receptar agonist that has e special
usefulness as both a transdarmal pateh, and a “lellipop” (oral lozange usad to
treat surgical pain in children). MorphiDex & & combiration of morphine and
nexromathorphan {an opicid derivative). McrphiDex shows promise for the
treatment of severe pait since 1t appears to be much more potent than marphine
and delivers significantly superior pain reliefthan similar doses of morphine without
incrzasing side effects.

Carfentanil binds selectively to brain mu opioid receptors. Although not yet used in
human populations, this drug offers the potential advantage of beirg administered
to non-compliant or vio'enl patients, anc requres anly indirect contact.

PROPOSED CONTRIBEUTION AS A NON-LETHAL CALMATIVE TECHNIQUE:
Morphine is currentiy the drug of choice for treating moderate 1o cevera pain. but
may also produec cuphoria, indifferance to surmoundings, sedation and depressed
raspiration. Carfentanil has a unigue utility in 1he practice of sedating animal
coputations, This drug has been used successfully to immobliize a variety of
larga axatic animals Carfertanil has been administered intramescu arly via dart
injection, intravenausly, and orally. Therafore, this drug offers the distinct advantags
of beirg administered to subjects at far distances. Additionally, aithough not yet
Lsad in human populations, this drug offers the potential adventage of being
administered to non-compliant or violen: patients, requiring ony indirect contac:.
In addition, naloxone and other opioid receplor antagoniste are available as an
entidote.

DISCUSSICN:

Opizide or pplates are narcotic compounds that have very powerlul uses as
shalgesic, sadative, antitussive (anti-caugh) and anti-diarrheal agents. The term
opiate refars to ary drug derived from ar containing apium. The term opioid refers
specifically to any non-cpium-derived narcatic. For example, the naturalty oocurring
enkephalins andendorohing are considerad opicids while momphing is considered an ogiate.

Historically, oplates have hean used for their mood altering properties. Indeed,
the opiate crug opium is very unique in that it has been used for hundreds of
years, with references lo its use dating back to 3000 B.C. K was not until the
1800s that morphine was isolated from opium. Since that time, morphine and
gther nargotic compounds have been used widely for their analgesic and robust
sedative properties. Although morphine is the prototypic analgesic Jsed to freat
rmaoderate to severe pain, an angoing searsch for new narcotic agants devoid of
side cifects predaminates current pain research,

Discussed below ara the varicus apioid receptors and the specific eftects modulatad
hy thesa receptors. In additinn, tha latast findings ara presentad from sturdies of
newly developod analgesic agents that producc their pain alloviating cffects by
interacting with the opioid system.

Carfentant. .. offers the
Dolentticl cctremitape of being
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As apicid compeunds are capable of producing a wide array of physiclogical effects,
both desired and undesirad, the distinet analomical localization of individual opicid
receptor populations besomes paficulatly important. Tre distribution of opicid
roceptors in the central and peripheral nerveus systems (CNS and PNS,
respectivaly) conelaies wlh the therapeutic actions and skie effects of opats
analgesics. For example, n treating pain, the desired effect is antinociception or
analgesia, while an unwamed opioid effect {i.e., side effact), in this case, would be
constipation.  More specifically, mu opicid receptors lacalized ta the srinal cord
act 1o interrupt transmission of pain impulses tmveling inte the GNS from the
perishary (en route to the brain where a noxious strmulus is percelved as baing
“paivful"). As a result, a decreased pain sensation is experienced. However,
concurrent stimulation of sther opioid receptcrs localized in the gastrointestinal
rac, for inslance, may result in ¢onstipation (dué to a mu/defia recepior-mediated
decrease in intestinal peristalsis), an annoying skde etlect of the narcotic anaigssic.
Other possible side effects associaled with opioid use include respiralory
depression {potentially fatal), micsis (pupillary ennstrintion), sedation and eupharia.

Due to their powerful analges a-preducing prope-ties, mu receptads and mu
receptor-seiaciive agonists have been the primary focus of paln research and
management. As mur racaptors are densely populated in CNS structures intricztely
involved in pain transmission (hippocampus, csrebral cartex, darsal hern of the spinal
cord, periaqueduc:al grey and thalamus), they are ideally positionad to cortrol pain.

Mu apicid recepters are further subdivided inta two additional receptar sublypes,
rny and it receptors. The p. receplor subtype produces analgesia when siimulated.
Miosis and euphoria are a so selective to i, receptor activation while censtipation
end respiratory depression are associated with i, receptar stimulation {Cherny,
1006). Each of these effects can be reversed by the administration of the opioid
receptor antagonists nalexone or naifroxone. Thase antagenistic agenls are
therapeutically important due 1o thelr abllity to reverse symptoms, particularly
respiratary deprassian, of an opiate overdose.

Marphine produccs its antinociceptive effects by inte-acting with mus opioid
receptors selectively (Fastarnak, 1968}, Morphine is currenily the drug of choice
for freating moderate to severe pain, but may also produce euphoria, indifference
ta surroundings, sedation and depressed respiration.

Route of administration is a very important aspect of pharmaceutical developrnent
and plays a fundamental role in patient comiplancy. For example, fertaryl is a mu
opioid receptor agonist that has a special usefulness as both a trarsdermal pateh,
ang a “lollipop” (eral lozenge used 1o treat surgical pain in children). Although a
very powellul gnalgesic, fentany! also tas a high abuse potential and may be
hatit forming {and seriocus lile-threatening respiratory depression could ocgur).
This versatility of drug delivery offers dislinc! advantages over ¢ther pain relievers
that are ineflective due 1o raute of administration limitations. This, the development
of new pain-relieving opiats drugs capable of bsing administerad via ssveral routes
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is at the forelront of drug discavery. For example, carfentaniiis a narcotlc that can
te administered via unconventional means {see below). This feature of carfentanil
may be vary usefu! in treating nan-compliant or unmanageable individuals,

New compounds such as iMorphiDex anc RB-101are being studied fer their ability
to alter pain sensalion. MorphiDex is a combinaticn of morphine and
dextromgthorphan (an opicid derivative}. MarphiDex shows promise for tha
treatment of severe pain since il appears to be much more potent than meorphine
2nd delivers significantly supsrior pain relief than sim tar deses of morphine without
increasing side eficcts. BB-101 is a non-opioid compound that acts to inhibit tha
enzymatic breakdown: of endogenous opicids, Ihereby enhanc ng their analgesic activity.
In addifian, RB-101 saows promise in the treatment of cpiate withdrawal syndrome.

CARFENTANIL

Although this fentanyl dervative was developed nearly two decades ago, it has
gained new interast from the perspective of this report because of the recent
pursuit of novel calmative agents capabe of uncomventional administration.
Carfertanil 1as a uniqJe utiity in the practice of sedating animal populations.
This drughas becn used successiully to immobilize a variety cf large exatic animals
{Cornick and Jensen, 1992; Karesh &t al., 1998; Kuaper ef al., 1981; Miller ef af,
19498; Hamsay et al., 1985; Seal stai, 1385). 1t is the anly anioid approved in the
United States for this purpase.

Carfartanil binds selectively fo brain mu opicid receplors (Saji ef af., 1992; Tilaler
ot al., 1889). Because ths opioid has a long duralion of action, renarcotization
(recurring onset of narcotic BABGES) May develop 2 ta 24 howrs after administaring
an opioid artagonist (Shaw ef a/., 1995),

Canfortanit has besn adminigtarad intrarruscularly via darl injaction, intravenously,
and orally (e.g. hand ‘ed or mixed with honey) (Baker and Gatesman, 1985; Ramsay
et 2i., 1995; Seal ef af., 1985; Sleeman sf af., 1997). Therefore, this drug offers
the distinct advantage of being administerec to subjects at far distances.
Additionally, although not yet used in human popilations, this drug offers the
polential advantage of being administered to non-compliant or viclent patients, in
cituations reguiring only indirect cortact. However, it is important to note that
pricr to the immobilization stage, aninitial excitement phase has been reported in
animals following administration of cadentanil (Raath ef af., 1992). Thus, application
of this drug to human corditions of balligerance or aggressiveness may require
special considerations. These provocative concepts merit future investigation.
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Neurolept Anesthetics
Intravenous Anesthesia induction Agents
SELECTED COMPOUNDS:

—propofol {di-isc-propyiphencl}

CLINICAL EFFECTS:
Propofol is a short acting intravanaus hypnotic agant, which produces rap'd
inductian of anesthesia. Brief periods of apnea {no breathing) and low blood
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pressdre may oaccur with minimal change o heart rate. Reversal occurs
spontaneously wth minimal hatgover ¢r sedative effects {ne antidcle needed or
available). As an intravenous anesthetic agent with minimal side effects, propofel
Is :5en extensively on A daily basis for ganeial Anasthasia as well as conscious
sedation (e, giving just enough for a patient to tolerate an unpleasant procedure
sUCh as colonoscopy oF gasiroscopy.)

MECHANISM OF ACTION:

Prapolal effects are mediated in the brain end spinal card by stimulating the GABA
reczptor. Propofe! inhibits naurotransmission by stimulating the chioride channel,
which leads to hyperpolarization of the nerve angd less likelihood of passing a
nerve stimulus.

As a GABA receptor stimulant, propofol Is aisc used extensively with ather directly
GABA stimulating agenis (such as barbituates) and indirect acting GABA agents
{zuch as fentanyl) o produce sedation for prelonged seoatlan (such as intersive
care units).

The synergistic use of agents {where 1+1=3 versus additive agants where 1+1=2)
is clearly demonstrated in daily practice by prepokel, Use of a benzodiazepine
{such as midazolam) and & GABA-ergic agent (such as proooioi} dramatically
decreases the dasage mquiremaents fur both agents with anhanced safety profile for
both agents.

PROPOSED CONTRIBUTION OF A NOMN-LETHAL CALMATIVE TECHNIQUE:
Propofol demonstrates a general principle, that the longer a drug is infused (or
adrinistered), ar the longer tha dose g van (theraby remaining in the body for a
fonger time certad), the longer the effect of the diug will last. Far instance, a short
acting (3-5 minute) intravenous anesthelic agent (such as thiopental, "Fentothai™}
will keep a patient aslsep lor 3-5 minures afier a single bolus dose, but afier a
tasge dose, or prolonged infusion, patients may take 1-3 days to wake up. This is
called the context sensitive half-time: the context s the duration of infusion and the
half time is the time fakan lor the drug to decrease by 50%. In contrast, a drug like
propofal, when administered for a day or & week, a small orlarge dose, will only keep
the patient asleep for a maximal interval of 30 minutes. Second, nc antidote is required
of recassary, as metabolism of the drug will occur rapldly and spontaneously.

While no further compounds in the propofal (propyl-pheyl) class are under
investigation, the effects ot GABA receptor stimulants as a method of preducing a
calma’ive effect will be of great interest. The clinical experience of using multiple
GABA stimulating agents as well as othar synergistic drags will ha diractly
transferable, as new druga in afl thesa classes become avalable.

This topic is recommended for lurther research and holds great promise for non-
lzthal applications, and will be a fruithul area for future invesligation for non-lathal
applications.
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Neurolept Anasthetic Combinations
SELECTED COMPOUNDS:

- droperidel and fentaryl combination (innavar)

- phencyclidines (Katamine)

CL NICAL EFFECTS:

The combination of thesa two medications 12ads 10 & state of "unawarzness” called
the neurclentic state. This differs from the usual anesthetic state where no movement
occurs, the palienl s well relaxed, and dirvay obstruclion occurs read ly. Ir the
neuroleptic state, the patients retain muscle tone, small and lasge muscle movements
occur and airway obstruction is less likely due to the retained muscle tene.

The nauraleptic state is characterized by mzrked trarquilization and sedation with a
state of mental detachment and ndiference while reflexes remain essentially inact.

MECHANISM OF ACTION:

The sites of action of droperidol is in the central nervous system [brain and spinal
cord) where it interferes with transmission ol nerve impulses at dopamine,
notepinephring, seratonin, and GABA synaptic sites.

Neurolepl anesthesa was used exlensively in the 1970°s to avcid the perceived
dangerous side stlacts at inhalad volatile agents. Due ta the prolonged duration
of action, and the development of new sherter acting agents, the neurolept
lechnique is no longer widely practicad.

PROFUSED CONTRIBUTION AS A NON-LETHAL TECHMNKIUE:

Dus tothe prolanged duration of action, (2-4 hours) andthe slde effects {alpha blockade
with decraases in blood aressure), droperidol is notbelisved ta be of inte'est as a non-
lethal technique. Howewver, the neuroleptic state is of great intersst due to the
ma ntenance of muscle tone and refiexes while a state of “Unawaraness” is produced.

As mentioned, the neuroleptic state has seversl advantages compared tc the usual
concapt of goneral anesthesia. For example, droperidol has actions at many types
of receptors with a fixed ratio of efiects a: each receptor type, Based ypon general
pharmacological principles, it should be possible to develop a mixture of highly
specific agents, each coupling 10 a sing e receplor ype. The concentrations and
balance of cach agent could be varicd to design a mixture, which would reproduce
the neurcleptic siate without the undesi'atie side eftects. The agents coid also
be daveloped (and chosen) io obtain a higaly accurate duration of action.

The neurclept anasthelics should be further considered tor potential as non-lethal

calinalive lechinigues.
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Corticotropin-releasing Factor Receptor Antagonists
SELECTED COMPQUNDS:

~CP 154,525 (antagonist)

—NRI 27914 {antagonist)

— CRF-BP (binding protein}

CLINICAL EFFECTS:
Currantly in Discovery Phase: no apptoved clinical usa.

MECHANISM OF ACTIGN:

Corticotropin-Releasing Factor (CRF) Is a peptide hcrmone in humang and
mammalian species that regulates basal and stress-induced release of hormanes,
Including ACTH, B-andorphin and other opicic peptides. The physiological effecis
of CAF are medizted at CRF1 and GRF2 receptors and are closely linked 10 mood
disorders including anisty and stress. When these receptors are biocked by
administration of selective antagonisis {SP154,526. NBI 2791£) anxiety — refated
behaviors arc allpviated. Thess CRF antagonists produce calming effacts after
seizures inducaed in animal mcdels. Regulation af the binding protein (BF) for
CRF zlso demonstrates a potential therapeutic target for producing a less anxious,
calm behavioral stale.

PROPQOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE.
The CRF antagonists are a novel approach to producing a calm behavioral stata.
These peptides, when combined with new approaches for drug delivery of peplides
(g0 Objactive 4) warrant further attention for possible prototype devalopment of
a nan-lethal calmative technique.

DISCUSSION:

Corticolropin-releasing lactor {CRF), also called corticotropin-releasing hormone
{CRH), is a 41- amino acid peptide originally identifizd from bovine hypothalamus.
CHF is highly consarved among spaciss, with human and rat CHF identical to
each other and differing only by 7 residues from bavine CRF. in non-mammalian
speciss, two CRF.related peplides, sauvagine and urotensin 1, have also been
‘dentified from the neurosecretory system of fishes and frogs. Doth suavegine
and urotensin { peptides share 0% seguence homology with CHF

GRF is widely distributed in the brain with highest expressicn lewals in the
nypothalamus. Itis the major hypophysiotropic factor regulating basal and stress-
nduced release of adrenocorticoirapic hormane (AC 1H), b-endo-phin, and other
oroopiomelzanocortin-derived paptides. In addition, CRF is also found in cortical
and limbic structuras. CRF eppears to be both necessary and sufficient for
mcunting physiological and endocrire responses to stress.

The physiclogic effzcts of CRF are mediated oy two G-protein-coupled seven
lrasmembrane-spanning domain receptors, CRF1 and CRF2. Two alternative
splice variants for CRF2 have alsc recently beaan idantified. Localization analysis
ot CRF1 receptors has {dentlfled neocortical, cerebellar, and limbic structures as

The CRF ardagorists are a
novel approgch 1o frodicing
a vl Debarioral siate.
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the regions which express CRF1 mosl abundantly, while GRF2 is predominantly
foutd in subcortical areas, mast notably the lateral septum and hypothalamus,
The distribwtion of CRF receptors is consistent with the notion that CRF contributes
o both emational behaviors as well as bahavioral raspansaes 1o strees itself.

Behaviorally, intracerebroventricutar admirist-ation of CRF preduces physiolog ¢
changes similar to trose observed in animal modsls of stress, includingincreases
in heart ratz and blood pressure, alterations in castrointestinal function, suppressicn
of exploratary behaviors, decreased food intake, and disruplion of reproductive
bekaviors. Imporiarily, these elfects are not chsarverd after systemic adminlstration
of CRF nor are they blocked by vagetomy, adrenalectomy, or protreatment with
dexamethasone, suggesting that these effects are mediated by CRF receptors in
the central nervaus system and do not involve stimulation o the pituitary-adrenal
axis. This is further supported by the ability of CRF receptor antagonists o reverse
the behavioral effecls of exogencusty admnistered CRE

Recent studies in mouse lines overexpressing CRAF have also emphesized the
anxiogenic properties of URF, since thase mice behavicrally resemble various
animai models of anxiousness. In contrast, CRF knock-out mice exhibited no
anxiaty-like hehaviors; howaver, this effect may also be due to compensation Ly
other oeptidergic and aminergic mechanism3, The importance of each of the
CH” receptor sublypes has been examined o determine the impact of CRHF in
meadiating anxiogenic effects. Intracerebroventr cular injection of antisense
nuclectides to CRF1 receptors in several recions of the brain, but not to CRF?
receptars, resulted in e reduction of anxisty-ike behavior when challenged with
CRF. These results support the view that CRF1 receptars may be a target tar
mediating anxiclytic effects associated with CRHF,

CRF antagonists have been studied in verious animal medels of anxiety. Cantrally
administered CRF fragments ar amino acid substitutions of GRF including a peptlide
tarmad astressin have been tested Inrats. These peplides, which antagonize the
action of CRF at CRF1 receptors were found capable of blocking CR™1 receplors
end inhibiting ACTH release (Rivier et al., 1989). Other truncated CRAF peptides
Ihat compete for CAF receptor binding, have also been 1osted in various models
of anxiety in rodents. |n some experimental situalions truncated CRF peptides
ellenuale anxiety-like Eehaviors in redents; however, the same compounds also
induce anxdogenic affects when evaluated under different experimental conditions.
The reason for these discrepancies is unclear, but may ba related to differing
baseiine levels of stress. Taken togethear, these resuls suggest that CRF receptor
zntagonists may potentially have use as anxiolytics, Therapeutically, pectide
zntagenists are difficult to administer for a variety of reasors, including rapid
degradation and difficulty crossing vellular memnbrares. For this reason, synthatlc
UHF receptor antagonists are also under investigat on,

Compounds such as CP 154,528 and MBI 27914 inhibit CRF.-stimulation of cvelic
AMT &nd CRHI -stimulaled ACTH releasa from cultured rat pituitary cells,
Furthermore, petipherzl administration of these agents to ;odenls in models of

The Advarages and Lirita: ong
o CRmatveslor Jsgas s
Hon-! athe! Tacknlcue

A0



strece and anxioty altenuates steess-inducad alevations of ACTH, suggesting that
synthetic CRF1 receptor antagonists may be uselu! in various neuropsychiatric
disorders {McCarhy et al., 199%). In ‘act, when comrpared to the alypical anxiolytic
buspirane inmouse models of anxiety, CP* 154,526 was superior intams of magnitude
of effect and the number of indices of anxiey affected (Grichd otal,, 1996). Additionally,
CP 154,526 has alsv been found to possess calming activities in rodent models of
"helplessness”, a putative made! for clinical depression (Mansbach et al., 1897).

In data collected from dlinical investigations, there is a'so evidence lor CRF n
mediating anxlety-fike behaviors. For example, cerebrospinal luid levals of GRF
are reporiedly elevated ir patients suffering fram obsessive compulsive disorder
and post-traumatic stress disorder, but not panic disorder. For this reason lipophilic,
non-peptide CRF receptor antagonigts for use as anxiclytics have been
investigated, although currently, there is a dearth of literature supperting the use
of these compaunds clinically.

CRF-1 receptor antagonists have alsc keen used experimentally fortheir calming
effects on cenlral neurons invo ved with CRF-induced seizures. In rodent models
of CAF-seizures origlinating in the amygdala, the seiachive CRF-1 receptor
antagonisl, NBl 27914, blocked behavicral seizures and prevented epileptic
distharges in slectroencephalagrams (Baramr et al., 1997). Taken together, these
data support diverse calming roles for CMNF-1 receptor antagonista in sevemnl
aspects of central neuronal activity.

nadcition ta CRF receptars, another companant that reguiates CRF fuintion, the
CHF binding protein (CHF-BP) may, in lhe fiture, also become a target lor
*herapeutic action as a caimative agant. GRF-BP is a protein expressad both in
brain, primarily cerebral cortex, amygdzla, hypcthalamus, hippocampus and
pituitary, as well as in plasma. Levels of CRF-BP in plasma determine the amount
of 4ree” CRF availabls for action at GRF receptors. Currantly, pharmacologic
agents such as rfh GRF (6-33), a CRF-BP lgand Inhibltor, are being used
sxparimentally tc study CRF functior and physiclogy. Pharmacolegically, #h CRF
(6-33) releases bound CRF from CRF-BPF, but rfh CRF (6-33) does not interact
with CRF receptors (Heivrichg, 1999). It is concelvable that one appreach for
future consideration in mediating calming effects in vatious anxiety stales may
involve modulation of CRF-BP. Induction ¢f CRF-BP expression aor administration
of recombinant CRF-BF may be therapeuticelly uszful mechanisms for reducing
free circulating levels of CRF, and therelore, may offer benefits clinically it
hypereactivity of CRF neural clrcuitry or high plasma levels of CRF are coniributing
tactors to enxiety and other stress-related discrders,
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Cholecystokinin B Receptor Antagonisis
SELECTED COMPOUNDS:

- CCK-4

= (3I-Q88 {antagarist)

= C1-1015 (antagonist)

CLINICAL EFFECTS:

Activation of chalacystokinin (CCK) receptors by administration of CCKE agonists
producas panic attacks, These effacts and other symptoms of anxiety are blocked
with administration of selective CCKB antagenists.

MECHANISM OF ACTION:

Cholecystosinin (CCK) is a gul and brain peptide with a variety of actions in the
periphery as well as the central nervous system. GOK peplides act at twe receptors
tarmed CCK-A and CCK-B. CCK-B receptors are mainly found in t2e central
nervous system. CCK-B receptor agonists indueed behavioral ehanges such as
anxiety, disuption of memory, and hyperalgesia. A great deal of sviderce implicates
CCK involvamenl in anxiety and panic attlacks.

PROPOSED CONTRIBUTICN AS A NON-LETHAL CALMATIVE TECHNIQUE:
The CCKB antagonists C1-888 and CI-1016 appear 1o Inhibit parle and indice a
calm stale via a novel mechanlsm. Gomblred with new and mproved methods for
the delivery of peptide drugs, these compourds warrant further consideration as
a nan-lethal lechniqua.

DISCUSSION.

Chalecysto<inin (CCK] is a gut and brain paptice with a variety of actions in the
pariphery as wall as the central nervous system. CCK was orginally isolated
three decades ago from porcine gul as a 33 aming acid peptide,  Since discovery,
several biclogical y aclive varianls have been found. i lhe brain, the mos: abundant

The COKB anitagonists
GE-988 and CFi615
appear 10 inhibif hanic
and e a wlm date. .
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CCK paptide s CCKR, an eight aming acid term nally sulfated peptide. CCK8 has
heen shown lo bz involved in numerous physiological funct ons including feeding
behavior, respiraiory contral, cardiovasc.lar tone, memory procassas, naciception,
errotional and motivat onal behaviors,

CCK peptices act at two receptors termec CCK-A and CCK-D. CCK-A receptars
are predominantly found in the periphery. In contrast, COK-B receptors are mainly
tound i the central nervous system. (Gastrin receptors and CCK- B receptors are
identical.}. Botn CCK-A and CCK-B raceptors are members of the seaven
transmembrane spanning domain G-protein-coupled receptor superfamily. Agonist
binding to CUK receptors resulls inintracellutar activaticn of phosphohlipase C pathways.

Intarest in studying central CKK-B receptors stems largely from studies in which
COK-B receptor agenists induced behaviorel changes such as anxiety, dizruntion
of memary, and hyperalcasia. In addiion to CCK-8, another bioactive peptide
agonist, GUK-4, has been igentified in the mammalian brain, The CGCK-4
letrapeptide has a 300-fuld higher affinity for CCK-B receptors than CCK-A
receplors and has been associated with e iciling anxlogenic actions.

Co-localizetion of CCK and dopamine in the ventral tegmental area and the
meso imbic pathways of the bra n suggest thal CCK could act as a nedromodulatar
of dopaminargic neurotransmission. Inthe rat, COK-B mRNA is widely distributed
tn areas of the cerebral cortex, hippocampis, saptum, amygdala, nucleus
accurbens, caudate putamen, substantia nigra, and cerebellum. These regions,
predominantly mesolimbic areas of the brain, are associated with motivatior and
reward behaviors. Thus, CCK may alss have a role in regulating motivated
behaviors, including behaviors of anxiety and fear, through action at CCK-B
receptors in the central nervous system.

A great deal of evidence Implicates CCK involvement in anxiety and panic attacks.
In animals, administration of the selective CCK-B agonist BC 137 resuits in
significant anxiogenic effects, Conversely, in tha CCK-B agonist-induced model
as well as ather models of fear and anxiety, COK-B receptor antagonists, such as
CI-988 have produced anxiolytic actions (Derrien et al., 1994).

Cfinical studies have also demonstrated that the endogenous GCK-B receptor
agonist CCK-4 ceuses panic attacks both in patients with historias of such disorders
as well as in healthy woluntsare. For example, In one placebo-controlled clinical
study, adm nistretion of CCK-4 induced panic attacks in 71% of the individuals
lested (n=12); while injection ot saline tailec tc induce any signs of panic (van
Megan et al., 1996), Thess results demaonstrale that anxiety may be madiated at
least :n part by CCK-4 activity  Since CCK-4 i predomingntly expressed in the
brein, along with CCK-B receptors, one might extrapolate from this data that CCK-
B aceptor antagonists may be usatul anxiolytic agents.

To test this hypothesis, Cl-988, a CCK-B receptor antagonist, was evaluated ina
placebo-conliolicd double-blind three-way crass-over study to datermins ita
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affectiveness in altenuating panc symptome irduced by inlravenous administration
of GCK-4. Panic atack frequency and a decrease in panic symptcms including
chillshot flashes, chest painfdiscomforl and anxiely/learfapprehension were
signiflcantly diministed by CI-888 p-etreatmant (Eradwejn et al., 1893). These
results suggest that CCK-B recaptors may mediate the anxiogenic properties of
CCK-4 and ihal CCK-B receptor antagonists may be useful as caliming agents.

Although anxiolvlic eHects were obtained with C1-988, the clinical development of
this compound, which structurally is a peptoid darivativa. was limited due to poor
absorption and efficient hepatic maetatolism. Modifications of the chemical structure
of CI-988, fed to development of CI-10186, for which bigavailability and blood-brain
permeability is enranced. Additionaly, newer CCK-B receptor antagonizing
compounds have been identitied which differ entiraly in chemriczl structure from
Cl-988 and 21-1015. Examples include the benzodiazepeine derivative L-385,260,
the ureidoacelamide RP-63758, the diphenylpyrazone LY-288,513, and the
aspericin-related quinazolinonas. Chemical modifications of these compounds
have resulted in both significant increases in biocavailability andimarcved aquecus
solubility {Noble and Rogues, 1853},

Currently, several CCK-B receptor antagonists are being irvestigated for clinicat
utilly. Two of thase compounds are chemically relatec ta benzodiazepines. |-
740033, with approximately 10,000-fold mors salecrivity for CCK-B recaptors than
CGK-A receptors, is currently in phase | clinical trials for treatment of anxiety
disorcers. Another agent, L-385280, is cur-ently under evaluationin phase |l trials
for the treaimeant of anxisty and benzndiazeping withdrawal symptomes. Ansthar
compound, PD-145542 is still in the discovery phase. PD-145342 is under
davalopmeant as potential reatment for agnxisty disordars, obesity, pain, and
schizophrenta.

Mot only may CCK-B reeceptor antagonists iind wiility as anxialytic agents, but
vartaus clinlcal and preclinical studles have demonstrated that CCK-B receptar
antagonists may lind ulility in mediating clher calming states as well. Sleep
disorders are partcularly comman in the elderly due to alered awaka-sleep
rhythms. Inaged rats, a CCK-B receptor antagonist GV 150013, was found useful
in increasing both REM and non-REM sleap. Additionally, nc tolerance was
detecled atier chronic ireatment with GV-130013 {Crespl, 1989) . Taken together,
these results suggest that CCK-B receptor anlagonists may alsc result in
improvement in sleep quality.

In addition to syninctically-designed CCK-B receptor antagonists, another approach
for CCK-B receptor antegonist drug design may involve modifications in the
saquancs of CCK paplides thamsalvas. Antagonist propartiss may be introd iced
at the peptide level by reducing the length of the sequence or by addition of large,
hinderirg residues. However, because of low biomembrane permeability and rapid
degradation, polvpeptide therapy is often of limited therapeutic va.ue. Anothar
difficulty with polypeptide tharapy ic drug delivery across the blood braln barrier.
However, a now c ass of molecules capabic of translocating peptides across plasma
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membranes in live cells may be useful as peplidic delivery factars for peptides
shorter than 30 amino acid residues. Furthermote, transport of small peptices
across the blood brain barier may also be possible via these transpuort molecules.,
Thus, the recent discovery of cell-penetrating peplides may apen new possibilities
Ir 1ke {uture with respect to biomedical drug delivery {Lindoren ¢t ab., 2000) and
CCK-B receptor antagonlsts may be amang the first classes of drugs 10 benefit
trom advances in drug delivery biotechnology.

Taken together, recent biomadical advances suggest that nct anly does a new
class of calming agents, CGK-B receptor antagonists, nesd 10 be explored furlher,
bul alsn, appropriata dedivary methods for gelting these compounds to thair sites
of action must also be considerad. More studies are needed todotermine notonly
the eftectiveness of CCK-B receptor antagonists as inducers of calmative states,
bt ara alse needed to dstarmine the most effectve drug designs and dellvery
approaches.
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Recommendations

Continuing Improavements in Drug Delivery

The contralied delivey of macromolecular drugs, such as pcptides, proleing, . corttrolled ci’c’f?'?.-‘ﬂ:}"..,
oligonucleotides and polysaccharides, remain a Key issue in the development ol remain o f&t{l‘ fne in the
calamative agents as nan-lethal techniques. However, while many calmativas cﬁ;f::e‘f()_;mm:! U_f‘{.‘akmmb"ﬁ't'
can be effectively admiristered by oral, subcutaneous injection or intravenoas geHis g8 Hon-lethal
routes, the develapmeni of improved routes of edministration az B non-lethal g.‘g(:bra’qu("\if,

technique. More carvenlent, painless drug delivery approaches are nezeded and

the developmen! of these methods is a source of much ongoing ressarch. B-ielly,

we will cutline a few of the rmost recent innovations in mac-omclecular drug de ivery

that have considerable potentlal In the daployment of non-lethal calmative

technigues.

The pharmaceutical industry is focused on development of new and innavative
drugs with improvements in increased potency and saceificity while retaining
appropriate pharmacokinetic and pharmacodynamic profiles. ¥Wnile rrany of the
new drugs are small molecties, such as peptides, other macromolesules such as
oligonuclestides, bozymes, and charged polysaccharides are much larger.
Typically, arga macromolsculas ara administared by injection or Infuslon to acHieve
the appropriate dose and therapewic concentrations. Several innovative
approaches are under investigelion for improving drug deivery via oral, puimanary,
subcutaneous and transdermal rowtes.

VWhile cral delivery remains a convenient route ol crug administiatiun, the
gastrointestinal tract continues to present challenges for delivery of zgents that
are peplides and proteins, The gastreintestinal lract environmenrt can rapidly
degrada many compounds, alter their selubility as well as stability; the transport of
large molecules across the intestinal mucosa remains difficult. One approach to
address this issue is the use ol acylated non-alpha-amino acids as low molecular
weight carriers to increase the intestiral absarption ¢f adrug: a carrier-drug complex
can be formulated as a liquid and administered orally. A different approach is the
use of bicadhesive, Licerodable nenospheres which have been engineered lu
bind 1o the intesiine and then penetrate into and between cells for drug dalve-y.
Other strategies are focLeed on improving the delivery of targets to specific cell
receptors; this may be less useful in the mproved development of calmative agents
wilh actions in tre certral nervous systerr,

As an altermative to oral ingestion of agents, the delivery of drugs across the oral
buccal mucosa is being investigated (see d:scussion on the 5-HT |, receptar agonist
buspirone}. TheraTech inc. is develoging an cral, mucoadhesive bicerodible tabxat
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that sticks 1o gurm and releasas the drug of interset in the opposing buccal tissus. A,
pnenomena of drug delivery by “thewing gurm” may well be acceplable w0 an Individuat
on a voluntary basis and/cr usaful within specific situations of crowd behavior,

The pumonary route of drug administration conlinues to clfer the advantage ofa
rapid. non-invasive method of ddivery of peptides and proteins. There is considarable
information available or the size of particle asrosols that can be irha‘ed; considerable
research ard drug development is ongaing in this area (Daddona, 1999).

The use of injectable subcutaneous desot polymer formulations and implantable
devices are under extensive investigation for delivery drug peptides and proteins
for sustained perods of time {months). Maintaining chem ca stability and rataining
biclegical activity following release aver extended lime pericds conlinues to be 2
challengs. The efleclive use of csmoldical y-driven tilanivm implants that can protect
the drug ol interast and provide sustainad relaase of tha ageni is ongeing (Phase
HI glinical trials of a Leucopride implant for palliative ireatment ol advanced prostate
carcer). 1t is not likely that this route of adminsstration will be suitable for
imalementation with non-lethal cafmat ve techniques. However, continued
impravements in this area of drug delivery should be cleseiy monitored.

Thers ara currantly numarnus transda mal patches markatad that ara sffective
and safe in providing a controlied delivery of hydrophobic drug modecules through
the cuter protsclive layers of the skin, One approach lo improve the delivery of
pestidas, protains end larger macromolaculas through the skin is the use of low-
frequency uvltrasound 1o tempararily disrupt the ouvler skin layer by cavitation and
permit delivery of the drug. The application of absolute alcohol ta remave the lipld
{ayer of the skin, termed tape stripping”, is also another approach to disrupt the
skin and enhance subsequent passage of & drug into the blood stream for
distribution ta tha brain. The use of silicon microneedles to piercs the skin and
provide drug delivety is also an area of ongoing development.

Overall, impravemanis in encapsulal on and delivery technigues wlilbe applicable
ta many peptides and proteins that act in the brain to induce a caim state. The
agtive transport process which serve o protect the brain {the blood brain barrier)
alsc impede the delivery of many molecules and, hencs, require cirect surgical
intervertion 1o erter the central nervous system. However, the corrbined strategiss
of chemical modfications to improve delivery as well as new appraaches for drug
deivery will provida for future opponunities.

Innovations in drug delivery will be an importard strategy towards identiticalion
and improvement of tre application of calmatives as non-lethal techniquas.

New Improvements with Combinations of Drugs

Synergismis emerging as an impartant area in the applied use of prarmaceutical
agants that are sctive in the central nervous syetem. Synargism is more than just
the additive effect of ane compaound added o a second compound; it is the principle
that two drugs may ult mately may be more ellective and have greater eflect lhan

The pulinoniary route of
drueg arbminisiraion
contiities 1o ojfer the
cidvantage of @ rapid, non-
invasire methad of defivery
of pepticles and profeins,

Lo dransderimal patches
..are effective and sufe i
Provtding a controfied
delivery of bydrophobic drag
motecules Morough the outer
protective layvers of the skin,
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nredicted by the application of each agent alona. In the clinical setting cf the
aperaling room where anssthetic agents are in constant use, demonstrations are
emerging cally 1nat indicate that eilner the doses of combired agents may be
reduced to achieve a maximal effect and/6- a wider spactrum cf action is achieved
wlith salected combinations of agents, This appreach may offer conslderable
advantages in the des gn of an ideal nen-lethal ealmative technique.

Developing Partnerships with the

Pharmaceutical Industry

The pharmaceutica and bictechnology incustries in the United Elates and abroad
are now of:en surpassing the traditional academic settings tn conducting basic
and applied pharmacology research. In additien, it is well known that for every
onz new compound successfully proceeding from the discovary phase through all
phases of clinical rials and on 1o market, pe-haps hundreds, if not thousands, of
compaunds are disca'ded or shelved by the phamaceutica’ industry. Often an
unwanted side effect, such 25 gastrointestina: distress, will tarminate the
davelopment ol a promising new pharmeceutical compound. Hewever, inthe varisty
of situations in which non-lcthal techniques are used, there may be less nesd to
be concerned with unattractive side-effects; indeed, periaps a valmalive ay be
desigred trat incorperates a less than desirable side-effect (¢.g. headache, nausea)
as part of the drug prolile. Furthermcre, it may be appropriate to develop a working
refationship with the phartaceutical industry to better incorporate thair knowledge
and expertise In developing a non-lethal calmalive lechnigue. Pertegss, the ideal
calmzlive has already hesn synthesized and is awaiting renewed inlerest from its
manufacturer,
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Closing Comments

The Lee of pharmacological aganis to procuce a calm behavioral state, particularly
as relevart to managemant of individuals andfor groups that ars agiated,
aggressive and/or violent, 15 & topic with high relevance to achigving the mission
af law enforcement and military communities. The extensive review conducted on
the medical fiterature and new devalnpments in the pharmacautical industry Fas
confrmed the relevance and high potential impact of calmat ves as 2 non icthal
techrigue. VWhather used alzne or as an adjuvant 1o enhance the effectiveness of
other types of non-let1al techniques, charmacological agents can effectively act
on central nenvaus system tissues anc produce a less anxious, less aggressive,
more trancuil like behavior and, ullimately, an easier to manage individual. Tha
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wice variety of drug classas and specific agents highlighted in this report serve to
underscore that the development and use of nan-lethal calmative techniques is
achievabls and desirable.

It is recommended that further research be continued regarding calmatives as
non-fethal tachnigues. Tha classes of agente and the compounds highlighted in-
depth shouid receive additicnal consideration, including collection of basic ard
applied research information on their pharmacological profiles as well as data cn
dose-responss curves and duratien of action profiles fol owing specific routes of
administration. Further research efforts should be oirected at identifying the mast
promising ruules of diug delivery Thal may be effective in the varied seltings In
which non-lgthal techpiques are to be deployed. It is alse recommended that
consideration of partnerships with the pharmaceutical industry be expored in crder
to achieve the gecal ef & sale and eflactiva use of calmatives as non-lethal
teconiquas.

This report serves to highlight the impartance of daveloping tre use of
pharrracolagicat agents, such as calmativas, for use as a non-lethal technigue.
Several major classes of pharmaceutical agents also merit simitar review including
1} drugs ot abuse (including selected club drugs) and 2) canvudsants. These classes
of compounds can effectively Impart many of the same qualities that have been
identified in this report for the central nervous systemn depressanis highlighted in
this repart. We recommend that tnese classes of compounds be evaluatsd in the near
tuture in order to ident fy themost promising candidates for use as nen-lethal technicues.
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