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ABSTRACT 

The 1,4 benzodiazepines interact with a putative receptor in the 

central nervous system in a manner quite comparable to a classic neuro

transmitter. The interaction of the benzodiazepines with the benzodi

azepine receptor prompts speculation for an endogenous ligand for that 

receptor. The goal of this project was the isolation and jji vitro char

acterization of an endogenous factor(s) interactive with the benzodi

azepine receptor. What was experimentally isolated from brain tissue 

was a high molecular weight peptide-like factor that non-competitively 

interacted with the benzodiazepine receptor and a low molecular weight 

factor that competitively interacted with the receptor. The low molecu

lar weight factor was heat stable and appeared to be peptide-like in 

character. The low molecular weight factor also appeared to interact 

with the receptor in a manner similar to antagonists for the receptor. 

vii 



CHAPTER 1 

INTRODUCTION 

Historical perspectives 

In the evolution of higher vertebrates, systems of checks and 

balances were developed in order to maintain hcmeostatic conditions 

within the living organism. One such system is comprised of the inter

play between the sympathetic and parasympathetic subdivisions of the 

autonomic nervous system. Classically, the parasympathetic branch of the 

autonomic nervous system is regulated by the neurotransmitter acetylcho

line and establishes the basal activity level of the major organ systems 

within the organism, ie. heart rate, gut motility, pupillary reponse to 

light, vasodilitation and general calmness and well being of the organ

ism. The system that counters the parasympathetic nervous system is the 

sympathetic branch of the autonomic nervous system and which is predom

inantly associated with the adrenergic neurotransmitters, norepinephrine 

and epinephrine (which is released hormone-fashion from the adrenal cor

tex) . The sympathetic branch developed in conjunction with the evolution 

of the higher vertebrates and is classically associated with the media

tion of the "fight or flight response". This response is primarily con

cerned with elevating the arousal state of the organian with respect to 

self-preservation. 

1 
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Positive inotropism, cessation of digestive processes, pupillary dila

tion, vasoconstriction, and general elevation in mental alertness are 

seme of the actions of the sympathetic nervous system. 

In general, the sympathetic response to a stimulus is short

lived, e.g. the mobilization of glycogen stores, increases in heart rate 

and blood pressure, and other responses associated with adrenergic 

innervation return to basal levels once the stimulus or challenge has 

been dealt with. The balancing force is provided by the parasym

pathetic cholinergic innervation of the responsive tissues. This system 

of checks and balances has proven itself competent throughout the evolu

tionary process culminating in modern man. However, there has been a 

breakdown in the regulatory balance of the system in recent times. The 

stimuli that trigger the sympathetic response are no longer short-lived 

phenomena, ttiey have evolved in complexity and duration paralleling our 

own socialization and have become long standing stresses which are com

monly not easily resolved on a short term basis and which can acutely or 

chronically overburden the system of checks and balances. The "fight or 

flight response" is no longer allowed to return to the basal state in 

the human organism, and one of the symptoms arising from this condition 

of elevated sympathetic response is termed anxiety. 

Acute anxiety attacks due to biological response overload, trig

gered by stress has become a common malady in the latter twentieth cen

tury. Fortunately this condition is usually transient in nature and the 

system of checks and balances smoothes the perturbations to the system. 

However, there is a condition termed chronic or pathological anxiety 
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which presents as long term feelings of uneasiness, apprehension, hos

tility, and even fear. This condition may require the corrective ser

vices of the medical profession. Fortunately, for the sufferers of long 

term anxiety and individuals experiencing situations eliciting acute 

anxiety, there is a class of compounds that have the unique property of 

anxiolysis, the reduction or abatement of anxiety. This class of com

pounds, the 1,4 benzodiazepines, is best known to the lay public as 

Valium (diazepam) and plays a major role in the physician's armamen

tarium. in addition to their clinical efficacy, the benzodiazepines 

(BZDs) have greatly enhanced the understanding of neuronal membrane 

organization and function. Dr. Leo Stembach of the Hoffman - La Roche 

Company (Nutley,N.J.) synthesized the vanguard members of this family of 

bioactive compounds in 1933 and through fortunate collaborative efforts 

with Dr.Lowell Randall, using in vivo animal paradigm tests, determined 

that chlordiazepoxide demonstrated the property of anxiety abatement 

(Stembach 1973). Dr. Lowell Randall, also of the Hoffman-La Roche Com

pany, further tested analogs of this class of drugs and determined a 

"ranking order in potency" or "efficacy" in both animal and human models 

of stress-induced anxiety reduction (Randall and Kappell 1973). Through 

research and development efforts chlodiazepoxide and shortly afterwards 

diazepam were released to the physician's armamentarium with outstanding 

results, both in the clinical setting and on an outpatient basis. Hie 

widespread employment of BZDs in the relief of endogenous and acute anx

iety was evidenced by their position as front runner in number of 

prescriptions filled for psychoactive agents during the mid-60,s to the 

late 70's (Report,National Academy of Sciences 1979). 
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Diazepam, being a psychoactive drug, has the potential for abuse 

and psychological habituation has been reported (Greenblatt et al 1977). 

Surprisingly, in light of the high potency of this drug in anxiolysis 

(effective dose in humans: 0.2-0.4mgAg) t diazepam has a lew index of 

toxicity in humans and experimental animals (several human deaths 

reported at doses of 700mg diazepam) (Greenblatt and Shader 1974). This 

extreme efficacy and selective anxiolytic action of the clinically used 

BZDs coupled to in vivo data demonstrating stereoselectivity and rank 

ordering of potency among the analogs of the 1,4 BZD class led to specu

lation on the mechanism of anxiolysis demonstrated by these drugs. 

Research into the mechanism of BZD induced anxiolysis was greatly aided 

in the 1970*s by the development of tritiated analogs of the 1,4 BZDs 

with sufficiently high specific activity to track in the newly developed 

techniques of radioreceptor binding studies (Squires and Braestrup 1977, 

Mohler and Okada 1977). The development of radiolabeled pharmacologic 

probes enabled the experimental determination of a BZD-specific binding 

site that was regionally distributed in mammalian central nervous sys

tem. The correlation of the pharmacologic action of BZDs with the 

discovery of a stereospecific, saturable binding site gave rise to the 

concept of the BZD receptor (Braestrup and Squires 1978, Speth et al 

1978). 

The BZD receptor (BZDR) has been intensively evaluated through 

the use of in vitro competition and saturation equilibrium radioreceptor 

assays and interesting results were obtained in binding studies in murid 

3 
brain tissue homogenates using the tritiated BZD ligands, [ H]diazepam 
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3 3 3 
([ HjDIAZ) and [ H] flunitrazepam ([ H]FLU), when the experimental condi

tions included or excluded chloride ions or when the putative neuro

transmitter gamma amino butyric acid (GABA) was present or absent from 

the experimental conditions. In both of these sets of experiments the 

presence of chloride ions or GABA stimulated an increase in the binding 

affinity of the labeled BZD ligands for the BZDR (Tallman et al 1978, 

Wastek et al 1978). The interaction of the inhibitory neurotransmitter 

GABA and chloride ionophores has been well-characterized in electrophy

siological and in in vitro radioreceptor assays (Costa and Guidotti 

1979, Haefely et al 1979). The interesting association of the BZDR and 

the GABA receptor-chloride ionophore led to the conclusion that the BZDR 

plays a facilitating modulatory role in this ccmplex (Tallman et al 

1978, Costa et al 1979). The affinity of GABA binding to the GABA recep

tor is likewise enhanced in the presence of "agonist" (tranquilizing) 

BZD's (Guidotti et al 1978). 

Various perterbations to the membrane environment of the BZDR 

ccmplex have enabled the experimental dissociation of the proteinaceous 

binding components of the interactive receptors. The BZDR has been 

described as a tetrameric macromolecule with subunits in the molecular 

weight range of 48,000 to 53,000 daltons (Toffano et al 1978,Paul et al 

1981). Additionally, the laboratory of Costa and Guidotti has isolated 

a 15,000 dalton peptide that is reported to act as the transductive ele

ment between the GffiA receptor and the BZDR (Toffano et al 1978, Gui

dotti et al 1982). Thus a complicated picture of the membrane environ

ment of the BZDR has emerged. 
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Several novel compounds have been synthesized which interact 

competitively with the BZDR in in vitro radioligand binding assays but 

that do not act behavior ally in a fashion similar to that of the clini

cally used BZDs . These ligands such as GGS 8276 and the esters of the 

p-carboline-3-carboxylate moiety potentiate the convulsant effect of 

pentylenetetrazole in in vivo experimentation, an action contrary to the 

classic anxiolytic BZDs such as diazepam (Braestrup et al 1982). Clini

cal studies involving the administration of an ester of the p-

carboline-3-carboxylate moiety (a harmane derivative) to human 

volunteers demonstrated that this compound which interacts competitively 

with the BZDR actually produced symptoms of anxiety (Rcmmelspacher et al 

1980, Braestrup et al 1982). The demonstration by these novel compounds 

of actions that tend to antagonize the pharmacologic actions of clini

cally used BZDs gives these ligands the appellation of BZDR antagonists. 

Another characteristic of these BZDR antagonists is the lack of an 

increase in binding affinity in the presence of GABA (Ehlert et al 

1981af1981br Nielsen et al 1981, Williams et al 1981, Ehlert et al 

1982). Compounds that exhibit anxiogenic or frank convulsant activity in 

bioassays are termed "inverse agonists" and these compounds act to 

reduce the frequency of chloride ion channel opening (Study and Barker 

1982). 

Braestrup and Nielsen remark that "...anxiety occurs when, in 

the brain, there is a certain activity pattern in certain neurons that 

are firing in a certain spatial and temporal pattern, and that this 

structurally complex activity is anxiety" (Braestrup and Nielsen 1982). 
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Inherent in this statement is the hypothesis that there exists a causa

tive agent influencing neuronal pathways in a fashion like that of a 

neurotransmitter or neuromodulator. The demonstration of a stereo-

specific, saturable binding site with high affinity for the 1,4 BZDs 

3 
(Kd=2nM for [ HJDIAZ binding in rat frontal cortex) led neurobiochenists 

and pharmacologists to speculate on the presence of an endogenous ligand 

for this receptor (Iversen 1977, Marangos et al 1978). A variety of iso

lation techniques were employed to extract the putative endogenous BZDR 

ligand, and an impressive array of endogenous factors were isolated from 

mammalian CMS tissue, blood and cerebrospinal fluid. Included among 

these factors are the xanthines, inosine and hypoxanthine (Asano and 

Spector 1979), a high molecular weight peptide (Colello et al 1978), the 

ethyl ester of p-carboline-3-carboxylic acid (Braestrup et al 1980), and 

several lew molecular weight compounds (Karobath et al 1978, Davis and 

Cohen 1980, Paul et al 1981b, Kuhn et al 1981). At least one of these 

isolated peptide factors has been purified to homogeneity and has been 

identified as a polypeptide having agonist- type interaction at the BZDR 

(Guidotti et al 1983, Alho et al 1985). 

In vitro characterization techniques 

In order to determine the effect of an endogenous ligand on the 

BZDR, there are two radioligand binding techniques available to discrim

inate receptor-ligand interactions. These techniques are the saturation 

assay and the competition assay. An excellent review of the theoretical 

aspects of radioligand binding techniques is presented fcy Yamamura et al 
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(1985). Briefly, in the saturation assay a set concentration of recep

tor bearing tissue homogenate is incubated with varying concentrations 

of labeled (ie. tritiated) drug or neurotransmitter (if available) and 

the total binding of the labeled ligand is determined for each concen

tration of that ligand. This is accomplished by separating the membrane 

associated ligand frcm the unassociated or free ligand through centrifu-

gation, precipitation, or filtration of the membranes. 

Non-specific binding is separately determined in the presence of an 

excess (>100 x K^) of unlabeled receptor-specific drug or neuro

transmitter. Upon quantitation of the total bound radioligand (receptor 

specific binding + tissue nonspecific binding), subtraction of the non

specific binding frcm the total binding gives the receptor-specific 

binding. Binding measurements are performed when equilibrium conditions 

have been met. Transformation of the saturation curve of the radioligand 

for the receptor into Scatchard coordinates (Scatchard 1949) yields the 

parameters of B and the maximal number of binding sites (recep

tors) per given unit of tissue and the concentration of radioligand that 

half maximally saturates the receptor population respectively. 

Manipulation of the radioligand binding assay has yielded tech

niques with which to screen for potential endogenous ligands for a par

ticular receptor, through the addition of a set quantity of an unla

beled substance presumed to interact with the receptor site to each con

centration of radioligand in both total and non-specific binding deter

minations in a saturation assay and through the use of the technique of 

Scatchard analysis of the saturation data, the effect of the unlabeled 
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substance on the receptor can be assessed. If there is a change in the 

Kd and not the of the radioligand when compared with control 

saturation values, then by inference the unlabeled substance may be 

deemed to interact in a competitive fashion (Asano and Spector 1979). 

The equation, based on the law of mass action, that best describes the 

effect on the of a radiolabeled ligand by an unlabeled competitive 

ligand is: 

Kj (apparent) = (real) x (1+[competitor]/K^(competitor)) 

If there is a change in the affinity and in the Bmax or just a change in 

the Bmax of the radioligand, thai the inference based on the law of mass 

action is that the unlabeled compound is acting via a non-ccmpetitive 

(irreversible) or allosteric mechanism (Motulsky and Insel 1984). 

The competition assay consists of a set concentration of tissue 

incubated under equilibrium conditions with a concentration of labeled 

ligand (usually near its K^) and varying concentrations of an unlabeled 

competitor. Separate determinations of non-specific binding are made 

with an excess of a well-characterized unlabeled ligand (100 x K^). If 

the displacing ligand follows the law of mass action, then the labeled 

ligand will be displaced from the receptor in two log units of concen

tration of the dispiacer. Deviation fran the law of mass action may 

indicate multiple receptor types with differing affinities, or multiple 

states of a single receptor population. 

The isolation of endogenous ligands for receptor systems has 

been greatly enhanced by the recent developments in chromatographic 

techniques. A good review of current techniques in chromatographic 
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resolution of endogenous peptides and biogenic amines is given by Davis 

et al (1982). The normal endogenous conditions for receptor systems is 

that of a buffered aqueous medium, and several non-destructive liquid 

chromatographic techniques have been developed to handle these separa-

tory challenges. Size-exclusion chromatography is a powerful tool in 

the initial purification of a crude extract frcm biological materials. 

It consists of a gel bed composed of polymeric material with a con

trolled degree of cross-linkages creating a seiving network of known 

pore diameter through which a mobile phase percolates. Separation of 

materials is based upon molecular size and is effected by the residency 

period a molecular species characteristically has for the pore spaces. 

The elution profile of molecular species separated fcy size-exclusion 

chromatography will begin with the highest molecular weight weight 

species and range down to the lowest molecular weight species. Molecu

lar species that are excluded frcm the gel pores due size constraints 

are part of the exclusion limit, and are eluted in that volume of mobile 

phase known as the void volume. The amount of cross-linkage between the 

polymers of the gel determines the exclusion limit. As each molecular 

species has a characteristic elution profile, purification of an active 

fraction is effected fcy collection of that portion of the eluted mobile 

phase containing the fraction of interest. The non-destructive nature 

of this chromatographic tool allows for the rapid screening of various 

fractions for in vitro activity at a particular receptor. Fractions 

collected from size-exclusion chromatography that exhibit biological 

activity or in vitro activity at a receptor type can be further purified 
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by the powerful technique of high performance liquid chromatography 

(HELC). 

Reversed-phase HPLC is a strong component in the state of the 

art in non-degradatory chromatographic separations. The precisely 

metered, pulseless pumping of mobile phase under great pressure through 

a dense matrix of silica-based solid support (on the order of 10 microns 

in diameter) to which is bonded a hydrocarbonaceous material, provides 

almost unlimited separatory capabilities. Detection of various molecu

lar species can be through ultraviolet/visible light spectrometry, elec

trochemical detection, scintillation counting for radiolabeled can-

pounds, or through in vitro assay. 

Proper selection of mobile phase is critical for sqparation of 

similar compounds or related polymers and for further screening for 

activity in in vitro assays and in bioassays. Organic solvents have 

been ranked according to their eluotropic values in interacting with 

solid support material, typically alumina or silica, and this series is 

directly related to solvent polarity (Snyder 1968). Through the proper 

selection of the organic solvent constituent of the mobile phase based 

upon eluotropic strength, coupled with the aqueous component of optimal 

pH and ionic strength, subtle separation of peptides exhibiting similar 

elution profiles can be acccmplished. 

Separation of molecular species is based upon the lipophilic or 

hydrophobic interaction with the hydrocarbonaceous bonded phase of the 

HHiC column support material. The more hydrophobic the character of the 



12 

molecular species, the longer the retention time on the colimn depending 

on the composition of the mobile phase that is utilized. The silica-

based support material in the HFLC column adds an additional dimension 

to peptide separation. Despite secondary derivitization or "end cap

ping" procedures used by manufacturers of HELC column material to ensure 

maximal coverage of the silica particle, there are sufficient quantities 

of active silanol groups present to provide a net hydrophilic interac

tion that confounds the hydrophobic-based separation. This interaction 

can result in variable recovery problems and increased retention times. 

The balance of separation may be shifted in favor of hydrophobic 

interactions through the addition of an ionic component to the mobile 

phase, such as an acid and the salt of an acid. This acts to counter

balance the active silanol groups and thus decrease hydrophilic adsorp

tion. 

To elute strongly retained compounds, the mobile phase must 

often contain increasing amounts of organic solvent creating a gradient. 

This increase may be accomplished in a step-wise fashion or through a 

continuous gradient. Therefore, strictly controlled mobile phase gra

dients can be effectively utilized to optimize the separation of a mix

ture of compounds and the separation can be extremely reproducible. 

Statement purpose 

The aim of this research project is the isolation and character

ization by in vitro techniques of an endogenous factor(s) interactive at 

the BZDR. The hypothesis that generates this investigation states: The 
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existence of a physiologically relevant receptor system, specifically 

labeled by the 1,4 benzodiazepines, infers the existence of an 

endogenous ligand(s) for that receptor system. This ligand should be 

aqueous-soluble, localized in regions of the brain where BZDRs exist and 

exhibit the properties of a neurotransmitter or neuromodulator. Through 

in vitro assay the quality of the interaction of this ligand with the 

receptor would be defined, based upon the references provided by agon

ists, antagonist and inverse agonists of the BZDR. 



CHAPTER 2 

HUMAN CORTICAL FACTOR 

Introduction 

Anxiety is a psychological condition which presents in humans as 

an array of physical symptoms. Although this condition has been well 

described, the etiological factors underlying anxiety have not been 

entirely resolved. It has been clinically proven that the condition of 

anxiety can be ameliorated by the administration of members of the class 

of compounds known as the 1,4 benzodiazepines (Sternbach 1973, Randall 

and Kappell 1973). The demonstration of neuronally localized receptors 

in human brain cerebral cortex to which the BZDs exhibited a most selec

tive degree of specificity (Speth et al 1978), prompted speculation on 

the existence of an endogenous ligand(s), and directed our laboratory 

research to utilize human brain tissue as source material in the initial 

investigation of endogenous substances interactive at this site. 

Postmortem control human brains with no known neurological defi

cits or diseases, as indicated from patient histories, were made avail

able through the collaborative efforts of Dr. Peter Johnson, M.D. and 

Dr. Henry Yamamura, Ph.D. These brains were rapidly dissected and 

stored frozen after autopsy (8-16 hours postmortem) and were maintained 

at -30c for up to two years before being used as source material for 

extraction procedures. 

14 
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Methods 

Isolation protocol 

Thirty gram portions of rapidly thawed human frontal cortex or 

occipital cortex tissue were homogenized (Tissumizer half-maximal speed, 

60 seconds, Tekmar Co. Cincinatti,OH) in 10 volumes of 0.5 N acetic acid 

(Mallinkrodt Chemical Co.) (w/v) and the temperature of the hamogenate 

was maintained at 80°C for ten minutes. The homogenate was then rapidly 

chilled on ice and soluble material was separated from large particulate 

matter through centrifugation sedimentation at 48,000 x g for 10 minutes 

(DuPont Sorval RC5B high speed refrigerated centrifuge 20,000 r.p.m., 

SS34 rotor). The clear straw colored supernatant was decanted into a 

polypropylene beaker and brought to pH 7.0 fran pH 2.7 with a saturated 

solution of sodium hydroxide. Insoluble material at pH 7.0 was cleared 

by centrifugation at 48,000 x g for 10 minutes. Hie supernatant was 

again decanted into a polypropylene beaker and brought slcwly through a 

series of ammonium sulfate saturation steps. The first step was the 

addition of 30% ammonium sulfate (w/v) over 10 minutes at 4°C to the 

supernatant which was continuously stirred on a magnetic stirring plate. 

The material precipitated by the ammonium sulfate was pelleted by cen

trifugation at 48,000 x g for 10 minutes and reserved while the decanted 

supernatant was brought to 60% ammonium sulfate. The precipitated 

material was pelleted by centrifugation at 48,000 x g for 10 minutes and 

collected. Both the 30% and the 30-60% ammonium sulfate precipitated 

3 
pellets were tested for inhibition of specific [ H]BZD binding to washed 
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(5x by centrifugation) neuronal membranes from whole rat brain homogen-

ates. The 30-60% ammonium sulfate precipitated material was found to 

3 
demonstrate the greatest degree of [ H]BZD displacement activity and was 

then further fractionated by size exclusion chromatography on a Sephadex 

G-50 (medium) (Pharmacia, Piscataway,N.J.) column (75 X 2.5 cm), previ

ously equilibrated with 5mM Tris HC1 (Sigma Chemical Co. ,St. Louis, MD) 

pH 7.4 with 0.01% (w/v) sodium azide added as a bacteriocidal agent. The 

30-60% ammonium sulfate precipitate pellet was resuspended in 3ml of 

distilled water and applied to the Sephadex G-50 column. Fractionation 

was conducted at 8°*C in a walk-in refrigerator. The flow rate of the 

mobile phase (5mM Tris HCl, pH 7.4) was 1.7 ml min.~^ and 5 ml fractions 

(165 drops) of eluate were collected (Gilson fraction collector) in 

< 

silanized (1% dichlorodimethyl silane in hexane, Pierce Chemical Co.) 

13x100mm glass tubes. Each fraction was individually frozen in a dry 

ice/acetone bath lyophilyzed to dryness. Each fraction was redissolved 

in 200 jul of distilled water and tested against [ H] flunitrazepam bind

ing to 5x washed rat brain homogenates. 

Radioligand binding assay 

Tissue preparation. Hale, Sprague Dawley rats, 200-250g, were 

sacrificed by cervical dislocation and decapitation. Each brain was 

rapidly removed and chilled in ice cold 50mM sodium potassium phosphate 

buffer, pH 7.4. The cerebral cortex was dissected and homogenized in 20 

volumes of buffer (Ultraturrax, half-maximal speed, 10 seconds). The 

homogenized neuronal membranes were pelleted by centrifugation at 48,000 

x g for 10 minutes (DuPont Sorval, model RC5B refrigerated centrifuge, 
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SS34 rotor, 20,000 REM). The sedimented membrane fragments were 

resuspended by homogenization in 20 volumes of fresh buffer and again 

washed by centrifugation. This membrane washing procedure was repeated 

a total of five times. The final centrifugation was performed after the 

hcmogenate was divided into aliquots of 200mg wet tissue weight. After 

the final centrifugation, the supernatant was decanted and the pellets 

stored in centrifuge tubes at -40°C until used in radioligand binding 

assays. 

Assay Protocol. The radioligand binding assay utilized to 

evaluate ligand interaction at the BZDR was modeled on the assay methods 

developed previously in our laboratory (Speth et al 1978, Wastek et al 

1978). Briefly, the assay methods were of either 1 or 2 ml total reac

tion volume in glass culture tubes (12x75rrm) brought to equilibrium at 

4°C, maintained in an ice water bath. The reaction mixture consisted 

of: 1.7ml of 50mM sodium potassium phosphate buffered saline pH 7.4 (2ml 

assay volume) or 700 Jul of buffer (lml assay volume), 100 /al of 

3 
[ H]ligand in buffer, 100/11 of resolubilized endogenous factor in buffer 

or 100,ul of compensatory volume of buffer, and the reaction was ini

tiated by addition of 10^ul of 2% (w/v) (2mg tissue) five times washed 

rat cortical membranes. The incubation duration was 90 minutes. Each 

assay test condition was performed in either duplicate or triplicate. 

Separate determinations of nonspecific binding were performed in the 

presence of 1 juM clonazepam (Hoffman La Roche, Nutley,KU). The protein 

content of the neuronal membrane hanogenates were determined by the 

method of Lcwry (Lcwry et al 1951). 



18 

The incubation reaction was terminated by harvesting the corti

cal membranes on Whatman GP/B glass fiber filter circles (Whatman, Ltd., 

England) utilizing a Brandel 24 position filtration apparatus (Brandel, 

Gaithersberg, MD) under vacuum conditions. The filters were immediately 

rinsed with 8 mis of ice cold buffer (50mM sodium potassium phosphate 

buffer, pH 7.4). The filter circles were then placed in 20 ml plastic 

scintillation vials and 5ml of scintillation cocktail was added (Cmni-

fluor (New England Nuclear, Boston,MA) 16g: 1 liter Triton X-100 (Sigma 

Chemical Co.,St. Louis.MD): 2 liters toluene). The radioactivity was 

allowed to extract frcm the filters for several hours before quantita

tion via liquid scintillation spectroscopy (Tracor Analytic model) at a 

counting efficiency of 46%. 

Saturation .and competition assays. Using the basic radioligand 

binding assay format, saturation assays were performed by varying the 

3 
concentration of the tritiated ligands, [ H] flunitrazepam (New England 

Nuclear,Boston,MA) and [^H]R0151788 (New England Nuclear, Boston,MA) 

in separate determinations of specific ligand binding at each concen

tration. Nonspecific binding was determined in the presence of ]juM 

clonazepam. 

Competition studies used the basic radioligand binding assay 

format. The concentration of radioligand was held constant and the con

centration of competing factor or ligand was varied. Total binding was 

determined in the absence of any displacer,and nonspecific binding was 

determined in the presence of 3juM clonazepam. 
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JCGESin digest .of Jmnan cortical factor. The peptide character 

of HCP (human cortical factor) was assayed through incubation with tryp

sin (hog pancreatic trypsin Type IX, Sigma Chemical Co.,St. Louis,MD). 

HCF was suspended as 10 mg/ml in distilled water. 200 jul aliquots of 

HCF (2mg) were incubated with the equivalent of 10 units of trypsin 

enzyme activity in a total volume of 400 jul in silanized 12 x 75 glass 

tubes. The incubation temperature was maintained at 37°C for 60 

minutes. Bjual aliquots of HCF were incubated in the absence of tryp

sin. Trypsin alone was incubated under the same conditions. The 

actions of trypsin on HCF were terminated by heating the reaction mix

ture to 100°C via a boiling water bath and this temperature was main

tained for 10 minutes. The control conditions of trypsin alone and HCF 

alone were also heat treated for 10 minutes. An aliquot of HCF alone 

was maintained at 0°C for 10 minutes after the 60 minute incubation at 

37°C. All the samples were then chilled on ice and then subjected to 

centrifugation in conical 2 ml polypropylene microfuge tubes (Beckman 

Microfuge, 3 min). 100 jul aliquots of each condition were added in 

duplicate to the standard radioligand binding assay in whole rat brain 

hcmogenates subjected to five washes fcy centrifugation to evaluate 

3 
changes in the inhibitory character of HCF against [ H] propyl-p-

carboline-3-carboxylate binding to the BZD receptor. 

Data analysis. Data obtained from the saturation and competi

tion studies were analyzed by a weighted non-linear regression computer 

program based on the program LIGAND (Munson and Rodbard 1980). 
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RESULTS 

Thirty gram portions of postmortem human occipital or frontal 

cortex yielded upon 80°C acidic aqueous extraction, soluble material 

that was further fractionated on the basis of peptide-like character 

through ammonium sulfate precipitation. Three fractions were produced, 

an initial 30% ammonitm sulfate (w/v) precipitated material, a 30-60% 

ammonium sulfate (w/v) precipitated fraction and a non-precipitated 

soluble fraction at 60% ammonium sulfate (w/v). The two precipitated 

3 
fractions were tested for inhibition of [ H] FLO binding to washed rat 

neuronal membranes and the 30 - 60% ammonium sulfate fraction was found 

to exhibit the greatest degree of displacement activity,(data not 

shewn). The average wet weight yield of the 30-60% ammonium sulfate 

fraction was 1.68g ± 0.49g (n=6). 

The 30-60% ammonium sulfate precipitated fraction was then 

3 
chrcroatographed on a Sephadex G-50 (medium) column and a peak of [ HJFLU 

displacing material was demonstrated in fractions #24 to 35 (Fig. 1). 

3 
This peak of [ H]FLU displacing material eluted at the exclusion limit 

of the Sephadex G-50 resin as determined through prior calibration of 

the column with a protein marker of known molecular weight (see Appendix 

A). 

The Sephadex G-50 (medium) fractions #24-35 (designated .human 

.cortical factor or HCF) demonstrated a noncompetitive interaction at the 
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3 
BZDR as revealed by ccmparison of its effect on [ H]FLU saturation stu

dies performed in washed rat cortical membranes in the presence and 

absence of HCP. Scatchard transformation of the saturation data 

revealed a 31% reduction in the number of binding sites in the 

presence of HCF with no change in the of the labeled ligand (Pig. 2). 

3 
Saturation studies utilizing the radioligand [ H]PCC and performed in 

3 
the presence and absence of HCP in parallel with the [ H]PLU saturation 

studies revealed a 54% reduction in B in the presence of HCP when 
max 

compared to the control (Fig. 3}. Competition curves of HCF against 

3 3 
[ H]FLU and [ H]PCC revealed monophasic inhibition curves (Hill slope 

approximating unity) (Fig. 4 and Fig. 5). 

Trypsin enzymatic digestion of HCF produced a reduction in the 

3 
[ H]FLU displacement activity of HCF as compared to untreated HCF (Fig. 

6). HCF boiled for 5 minutes however was found to inhibit the specific 

3 
binding of [ H]FLU to the BZDR to a greater degree then unboiled HCF 

(Fig. 6). 

Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-

P2GE) fractionation of HCF on a 12% polyacrylamide gel revealed several 

bands of Coanassie Brilliant Blue R-250 staining material (data not 

shewn) that migrated in the molecular weight range of 13,700 to 67,000 

daltons as determined by protein marker standards (see Appendix C). 



Fig. 1. Inhibition of [ H]FLU binding by fractions of Sephadex G-50 
separation of 30-60% ammonium sulfate precipitated human cerebral corti
cal material. 

Thirty grams of human cortex were homogenized in 80 °C, 0.1N 
acetic acid and the soluble fraction was purified by centrifugation sed
imentation and then subjected to 30-60% (w/v) ammonium sulfate precipi
tation. The 30-60% ammonium sulfate precipitated fraction was chrcmato-
graphed on a Sephadex G-50 (medium) column (75cm x 2.5cm) equilibrated 
with 5mM Tris HC1, pH 7.4 with 0.01% (w/v) sodium azide. Die 5ml frac
tions of eluate collected after the void volume of the Sephadex G-50 
colimn were concentrated 10-fold and duplicate 100jul aliquots were added 
to separate determinations of total [ H]FLU (0.5nM) binding to washed 
whole rat brain homogenate (2mg tissue) in the standard radioligand 
binding assay. 

The total binding (expressed in c.p.m.) for each fraction col
lected frcm the Sephadex G-50 column was converted to the percent of 
control total binding (3,000 c.p.m.) determined in the absence of eluate 
and plotted against the individual fraction number. 
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Fig. 1. Inhibition of[3H]FLU binding by fractions of Sephadex 

G-50 separation of 30-60% ammonium sulfate precip^-
itated human cerebral cortical material 
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Fig. 2. Scatchard analysis of [ H]FLU binding to whole rat brain neu
ronal membranes assayed in the presence (A) and absence (•) of HCF. 

The curves presented are generated from data obtained from sin
gle experiments conducted in parallel in identical tissue hcmogenates. 
The [ HJFLU saturation experiments were conducted as described in 
Methods. The free ligand concentration ranged from 0.096nM to 3.68nM. 
The K_. and B values for [ H]FLU binding in the absence and presence 
of HCF were: l.lnM, 813.68 fmol/mg protein and 0.92nM, 561.56 fmol/mg 
protein respectively. Biis represents a 31% decrease in the B pro
duced by HCF. The calculated values were determined by lineaTr egres
sion analysis of the data. 
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Fig. 2. Scatchard analysis of [3H]FLU binding to whole rat 
brain neuronal membranes assayed in the presence (A) 
and absence (c) of HCF. 
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Fig. 3. Scatchard analysis of [ H]PCC binding to whole rat brain neu
ronal membranes assayed in the presence (A) and absence (•) of HCF. 

The curves presented are generated from data obtained from sin
gle experiments conducted in parallel in identical tissue hcmogenates. 
The [ H]PCC saturation experiments were conducted as described in 
Methods. The free ligand concentration ranged from ,061nM to 3.154nM. 
B_„ and IL. values for [ H]PCC binding in the absence and presence of 
HCF were 456.2 fmol/mg protein, 0.384nM and 209.1 fmol/mg protein, 
0.403nM respectively. This represents a 54% decrease in the B pro
duced by HCF. The calculated values were determined by linearregres-
sion analysis of the data. 
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Fig. 3. Scatchard analysis of [3H]PCC binding to whole rat 
brain neuronal membranes assayed in the presence (~) 
and absence (C) of HCF. 
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Pig. 4. Competition of HCF against [ H]FLU binding to whole rat brain 
membranes. 

3 HCF isolated from postmortem human cortex was tested against 
[ H]FLU (0.1nM) binding to whole rat brain membranes in the standard 
radioligand binding assay (see Methods). The concentration of HCF 
ranged from 0.01563mg/ml to 2.0mg/ml. The data points represent the 
mean of triplicate measurements obtained from a single experiment. The 
data is expressed as a percent of the control binding of [ H]FLU(100% 
binding defined in the absence of HCF) and is plotted against the con
centration of HCF represented on a logarithmic scale. One unit of HCF 
is defined as 0.01563mg HCF/ml. 
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Fig. 4. Competition of HCF against [ H]FLU binding to 

whole rat.brain membranes. • 
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Fig. 5. Competition of HCF against [ H]PCC binding to whole rat brain 
membranes. 

3 HCF isolated from postmortem human cortex was tested against 
[ H]PCC (0.05nM) binding to whole rat brain membranes in the standard 
radioligand binding assay (see Methods). The conceit ration of HCF 
ranged from 0.01563mg/ml to 2.0mg/ml. The data points represent the 
mean of triplicate measurements obtained from a single experiment.., The 
data are expressed as the percent of control (100% binding of [ H]PCC 
determined in the absence of HCF) and are plotted against the concentra
tion of HCF represented on a logarithmic scale. Control binding was 
represented as 3000 c.p.m. One unit of HCF is defined as 0.01563mg HCF 
/ml. 
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Fig. 5. Competition of HCF against [3H]PCC binding to 
whole rat brain membranes. 
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Fig. 6. Inhibition of [ H]FLU binding to rat cortical membranes by HCF 
treated under various conditions. 

HCF, isolated from postmortem human cortex by 0.1N acetic acid 
extraction with subsequent purification by 30-60% ammonium sulfate pre
cipitation and Sephadex G-50 chromatography of the precipitate, was 
tested against [ H]FLU binding to rat cortical membranes in the standard 
[ H]FLU binding assay (see Methods). HCF was aliquoted into several 
separate treatments: A) Control conditions: 0.4ml HCF (5mg/ml distilled 
water) was maintained at 0°C for 70 min B) 0.2ml HCF (10mg/ml distilled 
water) was incubated with 50 units of hog pancreatic trypsin in an equal 
volume of distilled water for 60 min at 37°C and then subjected to 100°C 
for 10 min C) 50 units of hog pancreatic trypsin in 0.4ml distilled 
water was incubated for 60 min at 37°C and then subjected to 100°C for 
10 min D) 0.4ml HCF (5mg/ml distilled water) was incubated at 37°C for 
60 min and then subjected to 100°C for 10 min. All treatments were per
formed in silanized 12x75 glass tubes. 

After each treatment, the reaction mixture was centrifuged for 3 
min in polypropylene microfuge tubes in a Beckman Microfuge. 100 jul 
aliquots in duplicate were added to separate determinations of 0.1nM 
[ H]FLU binding to whole rat brain membranes in the standard radioligand 
binding assay. The various conditions were converted to percent of 
specific control [ HJFLU binding (100% specific binding of [ H]FLU to 
whole rat brain manbranes was determined in the absence of HCF or tryp
sin) . Total binding in control conditions was 3631 c.p.m. and non
specific binding determined in the presence of 1 juM clonazepam was 251 
c.p.m. 
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Fig . 6. Inhibition of [ 3H]FLU binding to rat cortical 
membranes by HCF treated under various conditions. 
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Discussion 

The benzodiazepine receptor (BZDR) exists as a well-

characterized binding protein that is functionally linked to the gamraa-

aminobutyric acid (GfiBA) receptor - chloride ionophore synaptic membrane 

complex. The family of 1,4 benzodiazepines, clinically used to effect 

anxiolyis, have been demonstrated to exert a facilatory modulatory 

action on the GABA receptor, through in vitro and electrophysiological 

characterization. However, until an endogenous ligand, specific for the 

BZDR is identified, the true "receptor nature" of the BZDR ranains unc

ertain. Human postmortem, cortical tissue under the appropriate extrac

tion techniques yields a high molecular weight, hydrophilic, peptide-

like material that demonstrates allosteric or non-competitive interac

tion with the BZDR. This material satisfied the initial criteria of 

aqueous solubility, heat stability at 80°C, and localization in brain 

regions containing BZDR's. These initial criteria established for the 

isolation attempts of an endogenous BZDR ligand, favored the extraction 

of a "neurotransmitter-like" substance. The 80°C temperature maintained 

during the initial acidic, aqueous extraction procedure was reasoned to 

inactivate peptidase and other degradatory enzymes. The 1.0N acetic acid 

hcmogenate conditions were directed at liberating any vessicularized, 

BZDR ligands, and organic solvents were avoided to preclude the extrac

tion of membrane associated components that might also interact at the 

BZDR. 
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The initial 1.0N acetic acid extraction was at pH 2.7. In order 

to more closely approximate physiological conditions for solubility, the 

hanogenate was brought to pH. 7.0 with a saturated solution of sodium 

hydroxide. Any insoluble material at this pH was sedimented under the 

force of 100,000xg, maintained for 60 minutes through ultracentrifuga-

tion. Hie resulting supernatant contained the soluble fraction upon 

which further isolation techniques were performed. 

Ammonium sulfate precipitation or "salting-out" of peptide 

material has been well-characterized (Green and Hughes 1955, Scopes 

1982). Simply stated, the hydrophilic interactions of aqueous soluble 

peptides are interupted by concentrations of salts bey aid physiological 

ranges, reducing the solubility to the point of aggregation and precipi

tation. Soluble material that is precipitated before 25% ammonium sul

fate (w/v) saturation has been characterized as being generally particu

late and pre-aggregated or very high molecular weight proteins (Scopes 

1982). The fraction precipitated between 30 and 60% ammonium sulfate was 

3 
found to exhibit the greatest degree of inhibition of specific [ H]BZD 

binding to the BZDR. This precipitated material was fractionated on the 

basis of molecular size, through size exclusion chromatography, and in 

the process was desalted. Sephadex G-50 (medium) has a characterized 

fractionation range of 1,500 to 30,000 daltons, and the active fraction 

in the 30-60% anmonium sulfate precipitate eluted at the size exclusion 

limit of 30,000 daltons. 

Trypsin digest of this benzodiazepine binding inhibitory factor 

resulted in inactivation of its ability to interact with the BZDR. This 
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is a strong indication of a peptide-like structure as trypsin is charac

terized as catalyzing the cleavage of the arginine-lysine peptide bond. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (12.5% 

polyacrylamide), stained with Coonassie Brilliant Blue R-250 revealed 

multiple bands of stained material ranging in molecular weight from chy-

motrypsinogen A - 25,000 daltons, to bovine serum albumin - 66,200 dal-

tons. Several bands of Coonassie Brilliant Blue R-250 staining material 

separated fron HCF migrated in the molecular weight range of ovalbumin. 

The larger molecular weight fractions are in the molecular weight range 

of the receptor itself (or subunit there of). Interestingly when the 

30-60% ammonium sulfate (w/v) precipitated fraction was heated to 100°C, 

3 
it exhibited much stronger inhibition of [ H]BZD binding to washed neu

ronal membranes. Hiis enhanced activity may be explained by changes in 

secondary or tertiary organization or by chemical modification of reac

tive side groups effected by the incubation at 100°C. 

The allosteric nature of the interaction of HCF with the BZDR 

demonstrated through radioligand binding techniques may be explained by 

several lines of reasoning. First, HCF is of high molecular weight and 

would cover a much larger portion of the BZDR of which the BZD interac

tive site is but a small part, creating a situation of nonconpetitive 

interaction. Secondly, the extraction procedure selected for a molecu

lar species, not normally interactive with the BZDR, but made interac

tive through artificial conditions. Thirdly, the extraction procedure 

created a new molecular species through chemical modification of reac

tive groups or through conformational changes, perhaps through 
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denaturation of a peptide species, which exhibited affinity for the 

BZDR. 

The phenomenon of increasing the inhibitory activity of HCF 

through incubation at 100°C for 10 minutes can also be rationalized by 

several means. First, by increasing the temperature to 100°C, reactive 

sites could be exposed on the surface of a large peptide/protein 

interactive with the BZDR, whether through direct chemical modification 

or through induction of a conformational change that allosterically 

3 
influences [ H]BZD interaction at the receptor (Ahem and Klibanov 

1985). Secondly, this increase in temperature might release a smaller 

fragment from a precursor macromolecule or similarly a carrier molecule 

might be induced to release the endogenous neuromodulator. This latter 

line of reasoning directed a revaluation of the orginal criteria for 

isolation. A new isolation protocol was established which screened fac

tors of lower molecular weight than those precipitated by ammonium sul

fate. 



CHAPTER 3 

BOVINE CORTICAL FACTOR 

Introduction 

Classically, neurotransnitters and neuromodulators are of rela

tively small molecular weight. GABA has a molecular weight of 103 dal-

tons and the enkephalins are on the order of 600 daltons. Our initial 

investigation of endogenous factors interactive with the BZDR revealed a 

large molecular weight aqueous soluble component of human cortex (HCF) 

that exhibited noncompetitive interaction at the BZDR. This factor, due 

to its allosteric nature of interaction with the BZDR directed our 

research to include small molecular weight components of brain cortex in 

the investigation of soluble factors interactive with the BZDR. 

Due to limitations on the availability of postmortem human cere

bral cortical tissue, our research was directed to the utilization of 

bovine cortical tissue as source material for endogenous ligands of the 

BZDR. This is justifiable in light of the existence of BZDRs in bovine 

cortex (Johnson and Yamamura 1979). Included in the lew molecular 

weight category of endogenous factors is the neurotransmitter GABA. To 

avoid the confounding element of GABA enhancement of agonist-type BZDs, 

3 
the radioligand [ H]R0151788, a BZDR antagonist (Hunkeler et al 1981), 

was utilized in the in vitro radioligand binding assays. 

32 
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Methods 

Fresh bovine cortices were obtained from a local slaughterhouse 

and rapidly chilled and dissected on ice into 30 gram portions and 

stored frozen at -40°C. Thirty gram portions of bovine cortex were taken 

through an extraction procedure which selected for aqueous soluble 

species. The tissue was homogenized in 10 volumes of 80°C (w/v), 0.5N 

acetic acid (0! 2.7) (Tissumizer, half maximal speed setting, Tekmar, 

Cincinatti,OH) for 60 seconds. The homogenate was then maintained at 

80°C for 10 minutes, cooled on ice, and then centrifuged at 48,000 x g 

for 10 minutes to separate large insoluble particulates (DuPont Sorval 

RC5B refrigerated high speed centrifuge,20,000 r.p.m.,SS34 rotor). The 

straw colored supernatant was then decanted into polycarbonate ultracen-

trifuge tubes and recentrifuged at 100,000 x g for 60 minutes (Beckman 

Ultracentrifuge). The resulting 100,000 x g straw colored supernatant 

was then shell frozen in a 600ml lyqphilization vessel fcy dry 

ice/ethanol bath and lyophilized to dryness. The 100,000 x g lyophil-

isate was then weighed and resuspended in 4ml of distilled water and 

aliquoted into 2ml polypropylene microfuge tubes and centrifuged at max

imum speed on a Beckman microfuge for 2 minutes in order to remove inso

luble material. The straw colored supernatants were combined and applied 

onto a Sephadex G-50 (medium) column (75 cm x 2.5 cm) previously equili

brated with 0.1 N acetic acid with 0.01% (w/v) sodium azide. The flow 

rate was 1.43ml min~*, and the fractionation procedure was conducted at 
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5°C. Five ml volume (165 drops) fractions were collected (Gilson frac

tion collector) in 2% dimethyldichlorosilane in hexane (Milton Roy 

Co.,PA) rinsed 13 x 100 irm glass culture tubes. Fractions 24-65 were 

collected (see Appendix A for column calibration) and the collected 

fractions were combined into three separate categories. Category 1 was 

designated high molecular weight material and was comprised of fractions 

24-35. Category 2 was designated medium molecular weight material and 

was comprised of fractions 36-59. Category 3 was designated low molecu

lar weight material and was comprised of fractions 60-80. Each set of 

combined fractions was then shell frozen in a dry ice/ethanol bath and 

the lyophilized to dryness. The separate sets were then dissolved in 

2ml of distilled water. 100 /jlL aliquots from each set were tested for 

3 
inhibition of [ H]BZD binding to washed rat cortical membranes in the 

standard radioligand binding assay (see Chapter 2, Radioligand binding 

assay). The set of fractions determined as demonstrating the greatest 

3 
degree of inhibition of [ HJBZD ligand binding were subsequently pooled 

from several Shephadex G-50 chromatographic separations of extracts from 

30g portions of bovine cortex. The lypohilized pooled fractions col

lected from the Sephadex G-50 column, (fractions 60-80), were 

resuspended in 1.5 ml of distilled water and centrifuged in conical 

polypropylene microfuge tubes to sediment insoluble particulates (Beck-

man Microfuge, maximal speed setting). The yellowish colored supernatant 

was then applied to a reversed- phase high performance liquid chromato

graphic column (Beckman Assoc., n-propyl (C-3), 7.5 cm x 4 ran i.d.) 

using a gradient producing pumping system (two Waters 6000A pumps con

trolled by a Waters 660 Solvent Programmer, curve 6) to deliver a linear 
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gradient of 15-35% acetonitrile against 0.01 N trifluoroacetic acid, 

pH2.2 (Bennett et al 1979). Hie flew rate was maintained at 1.5 ml min~* 

and the system was maintained at ambient temperature. Chromatographic 

detection was by 210nm absorption (Waters 441 Absorbance detector). 

Chrcmatographically separated material, detected as peaks of 210nm 

absorption were separately collected manually in silanized 12 x 75 ran 

culture tubes. Each peak represented approximately 3 ml of eluate and 

this was concentrated to a minimal volume (50 /il) under vacuum condi

tions (Savant Centrifuge Concentrator). The concentrated residue was 

then dissolved in 100 jul of distilled water and tested for inhibition of 

specific tritiated BZD ligand binding to well-washed rat cortical mem

branes in in vitro radioreceptor assays as previously described (Chapter 

2r Radioligand binding assays). 

The fraction collected from the n-propyl C-3 Beckman reversed-

3 
phase HFLC column, that demonstrated the inhibition of [ HJBZD binding 

to the BZDR was further chromatographed ty HPLC utilizing an octyldode-

cyl, C-18 reversed phase HPLC column (BioRad, 5 micron, 25cm x 4mm), 

with a precolumn (Co-Pell, C-18, 30 micron particle size, Whatman), 

under isocratic mobile phase conditions (0.5% v/v acetonitrile, in 0.01N 

trifluoroacetic acid, flow rate 1.5ml min-*, 3,000 psi at ambient tem

perature (Waters model 6000A HPLC pump, Rheodyne injector model UK 2605, 

50/al sample loop). Detection was at 210nm (Waters model 441 absorbance 

detector 0.5 -1.0 A.U.F.S.). Sample preparation consisted of resuspen-

sion of the concentrated fraction to 200,ul of distilled water, and the 

sample injection volume was 50yul. The detected peaks of 210nm absorbing 
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material were individually collected in silanized 12 x 75 glass culture 

tubes, (l-2ml fraction volume), concentrated under vacuum conditions and 

3 
resuspended in 100-200^1 of distilled water and tested for [ H]BZD bind

ing inhibition as previously described. 

The active fraction collection from the n-propyl (C—3) reversed 

3 
phase HPLC of BCF was also tested for inhibition of [ H] (-)QNB (New Eng-

3 
land Nuclear, Boston, MA) binding and [ H] dihydroalprenolol (New England 

Nuclear, Boston, MA) binding to rat cortical membrane homogenates in in 

vitro radioligand binding assays. 
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Results 

The 1.0N acetic acid extract from 30 gram portions of bovine 

cortex produced a clear, straw colored liquid after sedimentation of 

insoluble particulate material by centrifugation at 100r000 x g for 60 

minutes. Lyophilization of the supernatant containing the soluble frac

tion gave consistent yields of 761mg ± 40mg (Ifc=8 extraction runs). 

Fractionation of the redissolved extract lyophilisate by size-exclusion 

chromatography on a Sephadex G-50 column revealed a component that 

demonstrated a strong degree of displacement activity against specific 

3 
[ H]R0151788 binding to washed rat cortical membranes in the standard 

radioligand binding assay. This component consisted of the combined 

fractions #60-80 eluted from the Sephadex G-50 column chromatography. 

This fraction, designated the lew molecular weight fraction, contained 

the neurotransmitter GABA. The presence of GABA was evidenced by the 

enhancement of [^H] FLU binding to washed rat cortical membranes (data 

not shown). Therefore the characterization of this fraction in radioli

gand binding studies was restricted to utilizing BZDR antagonists, and 

3 
[ H]R0151788 was selected as the ligand. Repeated collection of frac

tions #60-80 from separate extractions from bovine cortex produced 

enough material to process further by HELC separation. ®ie lyophilized 

weight of combined fractions #60-80 was 274mg ± 66mg (n=8). HELC 

separation of this low molecular weight fraction on a HELC column con

taining 30 micron diameter support material bonded with n-propyl 

dimethyl silane revealed several peaks of 210nM absorbing material (Fig. 

7), each of which was individually collected and concentrated 
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3 
for testing of [ H]R0151788 displacement activity in the radioligand 

binding assay using washed rat cortical membranes. The small molecular 

weight character of the purified active fraction was confirmed by com

parison with the elution profile of peptide standards of known molecular 

weight chromatographed under identical conditions (Fig. 8). 

The initial peak of 210nm absorbing material eluted from the C-3 

HELC column was determined as having the greatest degree of displacement 

activity against [3H]ED151788 binding to washed rat cortical membranes 

in comparison to the subsequent fractions collected (data not shewn). 

The active fraction was called .bovine cortical .factor (BCF). Addition 

3 
of BCF to [ H]RD151788 saturation isotherms revealed a 2.65 fold 

decrease in the apparent affinity of the radioligand for the BZDR as 

compared to the control saturation curve. There was no apparent change 

in the B^ of [3H]E0151788 (Fig. 9). 

In a direct comparison with BCF, diazepam (5nM) was added in 

3 
parallel to an identical [ HJR0151788 saturation curve. The presence of 

the specific BZDR ligand produced a 2.12 fold shift to lower affinity in 

3 
the apparent of [ H]RD151788 compared to the control saturation 

isotherm. Interestingly, the presence of diazepam produced an apparent 

increase in the Bj^ of [3H]E0151788 (Fig. 10). 

BCF was tested for crossreactivity with other neurotransmitter-

receptor systems. In the muscarinic cholinergic system, utilizing the 

3 3 
antagonist [ H] (-)quinuclidinyl benzylate ([ H] (-)QKB) to label the mus

carinic receptor in rat cortical membrane homogenates, BCF demonstrated 
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3 
no displacement of specific [ H](-)QNB binding. In the p-adrenergic 

receptor system, BCF demonstrated displacement activity against the p-

3 3 
adrenergic receptor antagonist [ H]dihydroalprenolol ([ H]DHA) binding 

in rat cortical membrane homogenates. Under similar conditions in 

radioligand binding assays, BCF effected a 23% decrease in specific 

[^H]DHA (0.1nM) as compared to a 22% decrease in specific [^H]H0151788 

(0.1nM) binding. 

BCF was further purified by HPLC on a C-18 HPLC column utilizing 

an isocratic volatile mobile phase, the detection at 210nM revealed 

several peaks of material, each of which was individually collected and 

concentrated for further testing of displacement activity against 

3 
[ HJE0151788 binding to washed rat cortical membranes. The first peak 

of 210nM absorbing material demonstrated the greatest degree of 

[^H]R0151788 displacement (data not shown). Mdition of the C-18 HPLC 

3 
purified BCF to [ H]R0151788 saturation binding assay demonstrated a 

decrease in the apparent affinity of the radioligand when compared to 

the control saturation isotherm (data not shewn). Through the generous 

collaborative efforts of the laboratory of Dr. Victor Hrufcy, amino acid 

analysis of the C-18 HPLC purified BCF revealed a composition of the 

amino acids: lysine, histidine, glutamate, alanine anchor glycine. 



Fig. 7. Reversed phase HELC separation of the aqueous soluble, 
molecular weight fraction isolated from bovine cerebral cortex. 

small 

The 80°Cf 0.5N acetic acid extract from bovine cerebral cortex 
was fractionated by Sephadex G-50 size exclusion chromatography (75cm x 
2.5cm) and the fractions #60 - 80 (5ml fractions) were combined and con
centrated to a volume of 1 ml (see Methods). This low molecular weight 
fraction was then further fractionated by reversed phase HFLC (Beckman 
C-3, n-propyl column 7.5cm x 4.6mm), using a linear gradient of 15-35% 
acetonitrile against 0.01N trifluoroactic acid over 40 min. The sample 
loop volume and injected volume was 50 jul. the flow rate was maintained 
at 1.5 ml min" at a pressure of 1,500 p.s.i. Detection was at 210nm 
with a sensitivity of 0.01 ALJFS. 
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Fig. 7. Reversed phase riPLC separation of the aqueous 
soluble, small molecular weight fraction isolated 
from bovine cerebral cortex. 



Fig. 8. Reversed phase HELC separation of several peptide standards. 

Several peptide standards were chromatographed by reversed phase 
high performance liquid chromatography utilizing a propyl (C-3) column 
(7.5cm x 4.6mm). The mobile phase consisted of a linear gradient of 
15-35% acetonitrile against 0.01N trifluoroacetic acid over 40 min. The 
injected sample volume was 50 jul. The amount of each peptide applied to 
the column was 20ng. The flow rate of the mobile phase was maintained 
at 1.5ml min" at a pressure of 1,500 p.s.i. Detection was at 210nm 
with a sensitivity of 0.01 A.U.P.S. The peptide standards were: B-
endorphin fragment 1-9 (j3E 1-9), B-endorphin fragment 1-16 (j3E 1-16), 
Substance P (SP) and p-endorphin 1-31 (£E 1-31). 
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Fig. 8. Reversed phase HPLC separation of several peptide 
standards. 
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Fig. 9. Scatchard analysis of [ HJRD151788 binding to rat cortical mem
branes assayed in the presence (A) and absence (O) of BCF 

The data points presented are the meaned values obtained from 
triplicate determinations frcrn single experiments conducted in parallel 
in identical tissue hanogenates. The [ HJG0151788 saturation experi
ments were conducted as described in Methods. The ligand concentration 
ranged from 0.128 to 3.17nM. The curves were generated fcy linear 
regression analysis of the data points represented in Scatchard coordi
nates. The K, and B__„ values for [ H]P0151788 binding in the absence 
and presence of BuT were: 0.528nM, 1407 fmol/mg protein and 1.40nM, 
1637 fmol/mg protein, respectively. 3This represents a 2.65 fold 
decrease in the apparent affinity of [ HJRD151788 for the BZD receptor 
in the presence of BCF. Constraining the B__x value determined in the 
presence of BCF to that of control did not (Significantly worsen the fit 
of the nonlinear regression analysis (LIGAND) of the data obtained from 
[ HJK0151788 saturation in the presence of BCF. 
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Fig. 9. Scatchard analysis of [3H]R0151788 binding to rat 
cortical membranes assayed in the presence (A) 
and absence (0) of BCF. 



3 
Fig. 10. Scatchard analysis of [ H]B0151788 binding to rat cortical 
membranes assayed in the presence (O) and absence (•) of 5nM diazepam. 

The data points presented are the meaned values of triplicate 
determinations from single experiments performed in parallel using 
identical tissue homogenates. The [ H]E0151788 saturation studies were 
performed as described in Methods. The ligand concentration ranged from 
0.128nM to 3.17nM. The curves were generated by linear regression 
analysis of the data points represented in Scatchard coordinates. The 
Kj and B values for [ HJBD151788 binding in the absence and presence 
or 5nM ctiazepam were: 0.528nM, 1407 fmol/ mg protein and 1.121nM, 1727 
fmol/ mg protein, respectively. This represents a 2.12 fold decrease in 
the apparent affinity of [ HJR0151788 for the BZD-R in the presence of 
5nM diazepam and an apparent 22.7% increase in the maximal number of 
binding sites over that of control. 



43 

CQ 
0J 

~ 

N 
I 

~ 

U? 
X 

c 
~ 

-+J 

0 
L 

~ ~ 

~ 
E 

" 0 
E 

4-
'-/ 

U? 
~ 
~ 
~ 
C) 
00 

~ 

~ U? CQ U? C9 U? CQ 
0} 0J 0J 

33~~/oNnoB 

Fig. 10. Scatchard analysis of [ 3H]R0151788 binding to rat 
cortical membranes assayed in the presence (¢) 
and absence (0) of SnM diazepam. 
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Discussion 

Gamma-aminobutyric acid (GfiBA) is one of the major inhibitory 

neurotransmitters in the central nervous system. As discussed in 

Chapter 1, the receptor system for GfiBA regulates the frequency of 

chloride ion passage or flux through an ionophore. However, the recep

tor appears to be additionally regulated by sites associated with the 

macromolecular complex and which are receptor sites for putative neuro

modulators. The classic agonist benzodiazepines (BZDs) have been 

described as acting in a facilitating modulatory capacity at the BZD 

receptor portion of the GABA receptor-chloride ionophore complex (Tall-

man et al 1978, Costa et al 1979). The BZDR itself maintains the unique 

capacity of enabling the full spectrum of modulation of the ionophore in 

the presence of GABA as evidenced fcy specific pharmacologic agents that 

exhibit tranquilizing, sedative action through anxiogenic and frank con-

vulsant activity. 

In the course of research into the isolation of endogenous 

ligands for the BZDR our laboratory has isolated an endogenous factor 

(termed BCP) from bovine cortex that is competitively interactive at the 

BZDR as characterized through in vitro radioligand binding assays. This 

factor displays the characteristics of a typical neuromodulator such as 

aqueous solubility, small molecular weight and isolation from tissue 

maintaining specific receptors. This factor also demonstrated heat sta

bility as evidenced by the initial extraction procedure. 
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The isolation of BCF involved the utilization of the powerful 

separatory abilities of high performance liquid chromatography coupled 

to sensitive absorption detection in the ultraviolet spectrum. The com

ponents of the mobile phase were tested for inhibition of radioligand 

binding to the BZDR in the jn vitro radioligand binding assay and no 

effects were demonstrated (data not sham). Sodium azide, sodium ace

tate and trifluoroacetic acid were individually asssayed to a highest 

3 
concentration of 200mM with no effect on [ HJED151788 binding to rat 

cortical membranes. 

BCF isolated by n-propyl (C—3) HELC was tested for receptor 

specificity by addition to radioligand binding assays utilizing radioli

gands specific for other receptor systems. BCF was found to be inactive 

3 
at displacing the muscarinic antagonist [ H] (-)QNB (0.05nM) from corti

cal receptors. However, BCF demonstrated inhibitory activity against 

3 
the p-adrenergic receptor antagonist [ H]dihydroalprenolol (0.1nM) bind

ing to rat cortical membranes. 

BCF was not purified to homogeneity as evidenced fcy the presence 

of GAB A. This was demonstrated by an enhancement in the specific bind-

3 
ing of [ H]FLD in the presence of BCF (data not shown). Additional evi

dence for the presence of GABA in BCF was provided by GABA detection by 

fluorometry coupled to HPLC separation utilizing an internal standard 

3 
(Appendix B). Therefore, the BZD antagonist I HJR0151788 was used in 

3 
the in vitro characterization of BCF. ftie ligand [ H]H)151788 has been 

shown to be "GABA insensitive" (Ehlert et al 1981a). 



46 

Due to the presence of amino acids as revealed by amino acid 

analysis of BCF it is possible to infer that BCF may have a peptide 

structure, however 210nm detection of factors separated by HFLC may not 

detect factors without peptide linkages or other 210nm absorbing struc

tures. The crossreactivity of BCF with other neurotransmitter-receptor 

systems may indicate that there may exist several factors in BCF that 

have not yet been separated. Therefore, ultimate purification of BCF is 

indicated. 



CHAPTER 4 

ADDITIONAL IN VITRO CHARACTERIZATION OF BCF 

Introduction 

There are several In vitro techniques which allow the researcher 

to examine the nature of the receptor specific interaction of a benzodi

azepine receptor ligand. The "GABA shift" has been well characterized 

for agonist-type BZDR ligands, classically demonstrated by the benzodi

azepines diazepam and flunitrazepam. In the presence of GABA, BZD agon

ists exhibit a marked increase in affinity for the BZDR when compared to 

the IC50s demonstrated in washed membranes (Tallman et al 1978). Ohe 

affinities of antagonists, however, remain unaffected by the presence of 

G£BA (Ehlert et al 1981a). Another novel biochenical technique that has 

been documented is that of photoaffinity labeling of the BZD receptor. 

Hie ligand flunitrazepam can be photoactivated by long wavelength ultra

violet radiation (340nm) (Mohler et al 1980). When this activation is 

performed in the presence of the BZDR the activated ligand can irrever

sibly modify the receptor through covalent addition. Our laboratory has 

reported on the ability to covalently modify bovine cerebral cortical 

BZDRs with flunitrazepam under the conditions of U.V. photoactivation 

(Johnson and Yamamura 1979). 

An interesting phenomenon was demonstrated in mouse brain tissue 

through the use of the photolabeling technique. Antagonist binding as 

47 
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3 
represented by [ HjPOC (the propyl ester of carboline-3-carboxylate) 

was essentially unaffected by photolabeling of the BZDR while specific 

3 
agonist binding as represented by [ H] diazepam was reduced by at least 

80% under the conditions reported (Hirsch 1982). These results were 

interpreted as indicating that the BZDR was a multicomponent complex 

with distinct recognition sites for BZDs and p-carboline-3-carboxylate 

derivatives. 

Solubilization of the BZDR by various laboratories did not 

resolve the hypothesis of multiple BZDR subtypes. Evidence was reported 

for the existence of multiple molecular weight forms of the BZDR in 

detergent solubilized membranes from various brain regions {Seighart and 

Karobath 1980). However, solubilized BZDRs from rat cortical membranes 

3 
subsequently photolabeled with [ H]FLU revealed by SDS PAGE a single 

band of labeled material with an apparent molecular weight of 48,000 

daltons (Thomas and Tallman 1981). 

Thomas and Tallman (1981) reported that in membrane-bound BZDR 

3 
preparations photolabeled with [ HJFLU there was an apparent 

stoichiometric inactivation of four receptor sites for each site that 

was photolabeled. This was explained through the possibility of a 

tetrameric subunit arrangement of BZDRs in the GABA receptor-chloride 

ionophore complex. Hie inactivation of one subunit by photolabeling 

could allosterically modify the adjacent receptors and convert them to 

inactive lew affinity states. Thus, the detergent solubilized prepara

tion might eliminate the possibility of site-site interactions and 

account for the one to one correspondence between photolabeling and 
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inactivation of receptors. 

The complex binding interactions of the p-carboline-3-

carboxylate class of BZDR antagonists have been interpreted as evidence 

for BZDR heterogeneity (Ehlert et al 1981b). Binding sites for the J3-

carbolines distinct from the BZD binding site was postulated from evi

dence based upon photolabeling of BZDRs with FLO (Hirsch et al 1982). 

However, it was reported that the pharmacologic specificity of this 

second "site" (p-carboline site), distinguished in photolabeled cortical 

membranes, as compared to nonphotolabeled sites in control tissue indi

cated that BZDR antagonist binding was virtually unchanged following 

photolabeling (Gee and Yamamura 1982). ttiis was in contrast to the 80% 

3 
reduction in specific [ H] BZD agonist binding in the same photolabeled 

membranes. These findings suggested that the photolabeling of membrane 

bound BZDBs altered BZDR agonist but not antagonist binding, and also 

suggested that the receptor heterogeneity expressed by Hirsch (Hirsch 

1982) may be due to differential interaction of BZDR agonists and anta

gonists with photolabeled receptors. Additional evidence for receptor 

homogeneity in specific tissues is that the specific binding of 

3 
[ H]G0151788 (an imidazodiazepine which is characterized as a BZDR anta

gonist (Hunkeler et al 1981)) remained unchanged in photolabeled mem-

3 
branes that demonstrated an 80% reduction in specific [ H]BZD agonist 

binding (Gee and Yamamura 1982). 

This evidence for differential interaction of BZDR agonists and 

antagonists with photolabeled membrane-bound BZDRs was proposed as a 

basis for jjq vitro screening for potential agonist or antagonist 
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activity in compounds that interact with the the BZDR (Mohler et al 

1982). Our laboratory discerned that the photolabeling of rat cortical 

BZDRs with FLU altered the affinity of BZDR agonists but not the affin

ity of antagonist binding (Gee and Yamamura 1983). Competition studies 

were performed utilizing control tissue and photolabeled tissue incu

bated in the presence of [^H]PCC to determine the IQ-g of each ligand in 

each tissue. The ratio of the IQ-g value from photolabeled tissue to 

the IC^0 value determined in control tissue was then determined for each 

BZDR ligand tested. Antagonists yielded ratios close to unity indicat

ing no significant shift in affinity due to photolabeling, whereas BZD 

agonists revealed ratios much greater than unity demonstrating a 

decrease in ligand affinity in photolabeled tissue. This technique of 

in vitro screening for agonist or antagonist activity at the BZDR was 

utilized to further characterize the endogenous factor BCF. 
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Tissue preparation. Male Sprague Dawley rats (250-300 g) were 

sacrificed by decapitation and their brains removed to ice cold 50 raM 

sodium-potassium phosphate buffer, pH 7.4. Hie cerebral cortex was thai 

dissected on an ice-chilled glass plate. The resulting cortices were 

then weighed and homogenized in 100 volumes (w/v) of ice cold buffer 

(Tissumizer, Tekmar, Cincinatti,OH, half-maximal speed, 10 sec.). The 

membranes were then pelleted by centrifugation at 48,000 x g for 10 

minutes (DuPont Sorval RC5 high speed centrifuge, SS34 rotor, 20,000 

r.p.m.). The supernatant was discarded and the membrane pellet was 

resuspended in 100 volumes of fresh ice cold buffer. This subsequent 

hcmogenate was then divided into two aliquots for use in the photolabel-

ing reaction. 

Photolabeling reaction. The procedure for the photolabeling of 

BZDRs was initially described by Batter sty et al (Battersby et al 1979) 

and modified by Johnson and Yamamura (Johnson and Yamamura 1979). It is 

described by Gee and Yamamura (Gee and Yamamura 1983) and is briefly 

presented as follows: Rat cortical neuronal membranes, washed one time 

by centrifugation (1% hcmogenate in 50 mM sodium-potassium phosphate 

buffer pH 7.4, 48,000 x g, 10 min.) were incubated as a 1% (w/v) homo-

genate with 3nM flunitrazepam (FLU) or 3nM FLU + ]/jM lorazepam at 0°C 

for 90 minutes in the dark. The membranes were then transferred to 

glass petrie dishes on ice and then irradiated by ultraviolet light 

(366nm) (BlackRay lamp, model UVL-56, Ultraviolet Products Inc., 



San Gabriel CA), at a distance of 6cm from the light source, for 15 

minutes. The presence of luM lorazepam in the photolabeling conditions 

was used to define nonspecific (non-receptor) photolabeling and under 

these conditions, no loss of specific [3H]FLU labeled receptors was 

detected when compared with non D.V. irradiated hcmogenates. Following 

exposure to the U.V. light, the msnbranes were washed 5 times by centri-

fugation at 48,000 x g for 10 min as 1% hcmogenates and fresh buffer was 

used for each resuspension. This membrane treatment was sufficient to 

remove any residual FLU or lorazepam. 

Receptor binding assay. Competition experiments were performed 

with control membranes (cortical hcmogenates e:qx>sed to U.V. light in 

the presence of 3nM FLU and ljuM lorazepam) and photolabeled membranes 

(cortical hcmogenates exposed to U.V. light in the presence of 3nM FLU 

alone) derived from the same initial homogenate. Paired control and 

3 
treated membranes were labeled by 0.5nM [ H]FD151788. The inhibitors 

used included diazepam and BCF. Various concentrations of each inhibi

tor were incubated with 100 jul of tissue hcmogenate (200,ug protein) and 

3 
with 10tyol of [ HJR0151788 in a final volume of 2ml. The assay buffer 

was 50mM sodium-potassium phosphate buffer, pH 7.4. Non-specific binding 

was determined in the presence of I41M clonazepam. The reaction mixtures 

were incubated in glass 12 x 75 nm culture tubes at 4°C for 90 minutes. 

Bie incubation was terminated by rapid filtration onto glass fiber 

filters (Whatman GF/B filter sheets) utilizing a Brandel filtration 

apparatus under vacuum conditions followed by three 5 ml washes with ice 

cold buffer. The trapped radioactivity was quantitated by liquid scin
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tillation spectrometry (Tracor Liquid Scintillation Counter) after 

extraction into liquid scintillation cocktail (16 g Qmnifluor + 11 Tri

ton X-100 +21 toluene). Hie scintillation counting efficiency was at 

46%. Protein values were determined fcy the method of Lcwry (Lowry et al 

1959). The competition curves generated by the binding assays were 

analyzed by a computerized iterative procedure to determine the IC50 

values (that concentration of inhibitor causing half-maximal inhibition 

of specific [^H]K0151788 binding). 
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Results 

Ultraviolet photoactivation of flunitrazepam in the presence of 

rat cortical membranes followed by an extensive washing of the neuronal 

membranes by centrifugation and resuspension in fresh buffer, repeated 

five times, caused an 80% reduction in the B „ of receptors labeled by 
max 

3 
[ HJFLU but only a 20% reduction in the number of sites labeled by 

3 
[ HIPCC (data not shewn). Competition studies performed in control 

irradiated (in the presence of FLU and ]juM lorazepam) and FLU modified 

3 
membranes, labeled with [ H]RO 151788 revealed a difference between 

classic agonist benzodiazepines and antagonist benzodiazepines and non-

BZD antagonists as reported by Dr. Kelvin Gee (Gee and Yamamura 1983). 

Control and flunitrazepam photolabeled rat cortical membranes 

were labeled with [3H]KD151788 (0.064nM) and utilized in the assessment 

of the nature of the interaction of BCF with the BZDR. Diazepam com

petition in control membranes (U.V. + I^uM lorazepam + 3nM FLU) in con

centrations ranging from 10~"''®M to 10~^M revealed through computerized 

non-linear regressional analysis of the binding data to have an ICj-g 

value of 16.54nM. Diazepam competition in photolabeled membranes (U.V. 

+ 3nM FLU) treated identically revealed an IC 0̂ value of 195.27nM. This 

represents an approximately 100-fold shift in the IC^ value of diazepam 

in photolabeled membranes. BCF in competition against [^H]RD151788 

labeled control membranes revealed an IC 0̂ value of 42.26 arbitrary 

3 
units. BCF competition against [ H]E0151788 labeled photolabeled 
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membranes gave an IC^ value of 39.88 arbitrary units. There was no 

apparent shift in the overall IC^ value of BCF in competition against 

3 
[ H]R0151788 labeled control and photolabeled membranes. 
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The modification of the BZDR by photoactivated FLU has been 

demonstrated (Mohler et al 1980). Saturation studies performed with 

neuronal membranes covalently modified by photoactivated FLU and identi

cally treated membranes protected by 3juM lorazepam demonstrate the 

apparent inactivation of approximately 75% of tritiated BZD agonist 

binding sites. Interestingly, when tritiated BZDR antagonist ligands 

are utilized in saturation studies comparing control and photolabeled 

manbranes, only 20% of the binding sites are inactivated. Based on 

these observations, a model of the BZDR based on a tetrameric subunit 

structure was proposed (Thomas and Tallman 1981). 

The covalent modification of the BZDR appears to selectively 

affect the binding site discriminated by agonist-type BZDR ligands. 

This modification may reduce the affinity of agonist ligands for the 

receptor to a degree in which radioligand binding saturation studies 

would indicate a reduction in the number of binding sites. In ccmpeti-

3 
tion studies where the BZDRs are labeled by [ H]BZD antagonists, both 

the ccvalently modified receptors and the unmodified receptors are occu

pied by the radioligand. Unlabeled BZDR antagonists are able to dis

place the radioligand from both types of receptors without a change in 

the apparent affinity for the BZDR in either form, whereas agonist type 

ligands displace the radioligand with an apparent change in affinity 

(Gee and Yamamura 1983). 
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Our laboratory reports (Gee and Yamamura 1982) that the photola-

beling of BZDRs with FLO differentially modifies the interaction of 

agonists and antagonists with the receptor. Consistent with these find

ings, diazepam demonstrated an approximately 100-fold decrease in IQ-g 

in photolabeled membranes. Interestingly, BCF did not demonstrate an 

apparent shift in IC^g when compared to diazepam under identical condi

tions. If BCF were to follcw the pattern established by BZDR agonists 

and BZDR antagonists in the in vitro photolabeled manbrane assay, thai 

from the results of the immediate study, the response of BCF would be 

like that of a BZDR antagonist. 

Further purification of BCF is indicated as evidenced by the pres

ence of other factors such as GflBA. Ultimate purification of BCF will 

then allow for the in vitro characterization of its sensitivity to the 

effects of GfiBA, which would further define its role in the BZDR-G£BA 

receptor-chloride ionophore complex. In vivo administration of purified 

BCF to laboratory animals and ultimately to human subjects will reveal 

its behavioral function in the intact biological system. 



CHAPTER 5 

CONCLUSIONS 

The importance of determining the etiological factors of anxiety 

is of undisputed value as the effects of stress-induced anxiety can be 

debilitating to the sufferer. The treatment of the symptoms of this 

disorder through pharmacological agents under the supervision of the 

medical profession accounts for a large proportion of the total outpa

tient health care costs in the United States (Report, National Academy 

of Science 1979). Our laboratory has studied the neuronally localized 

receptor system for the 1,4 benzodiazepines and pharmacologically allied 

agents and through the use of radioactively labeled, pharmacologically 

specific probes employed in in vitro receptor binding assays, the realm 

of the post-synaptic membrane environment has become revealed to the 

investigator. Through various techniques, the benzodiazepine receptor 

has been demonstrated to be coupled to the GABA receptor, ultimately 

regulating a chloride ionophore. Additionally, these probes have become 

the research tools with which investigators can identify the endogenous 

ligand(s) interactive with the BZDR. 

Due to the specific nature of anxiety mediation, purported to 

lie in the BZDR - GABA receptor - chloride ionophore complex, and the 

ability to manipulate the condition through pharmacologic agents, a most 

selective agent is to be truly desired, devoid of side effects such as 

drowsiness, loss of coordination and short term memory loss. 

58 



59 

As the BZDR modulates the activity of the GABA receptor - chloride iono-

phore interaction, and that it has been shewn to be inducible into two 

distinct conformations by pharmacologic agents, there may exist several 

endogenous ligands interactive with that receptor. Hie tranquilizing 

factor may be a circulating factor with low concentrations, and the anx-

iogenic factor may be released in stressful situations, perhaps as a 

cotransmitter. If the endogenous ligand of the BZDR is a peptide and 

exhibits anxiogenic properties, then an "agonist" analog could be 

developed, based on the receptor interactive portion of the molecule. 

Through the techniques of radioligand binding assays the nature 

of the interaction of a putative endogenous ligand with the BZDR can be 

characterized. The competition assay and the saturation assay are valu-

ble tools for the initial screening of such factors. Additionally, 

characterization of a putative endogenous ligand for the BZDR can be 

done through novel modifications of the radioligand binding assay such 

as the use of photoaffinity-probe labeled membranes in in vitro assays 

that test the quality of the interaction with the receptor. The proposed 

models of Mohler et al (Mohler et al 1980) and Gee and Yamamura (Gee and 

Yamamura 1983) sugggest a prediction of the "agonist" or "antagonist" 

interaction of a ligand with the BZDR in such a system. 

In the course of this research, two different endogenous sub

stances were isolated and characterized throught the use of in vitro 

radioligand binding techniques. A high molecular weight material was 

isolated from postmortem cortical tissue. Exposure of this material to 

enzymic catalysis resulted in partial inactivation of its radioligand 
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binding inhibitory activity providing indications of a peptide-like 

character. A molecular weight of > 25,000 daltons was determined for 

HCF through Sephadex G-50 size exclusion chromatography utilizing stan

dards of known molecular weight, ttiis material was of hydrophilic char

acter and exhibited allosteric-type interaction with the BZDR in the 

radioligand saturation binding assay. Although HCF exhibited several 

aspects of the criteria for candidacy as an endogenous BZDR ligand, 

including aqueous solubility and peptide-nature, the type of interaction 

it displayed with the receptor was not clearly competitive in nature. 

Bus does not preclude the possibility that HCF may be a larger precur

sor molecule for the true modulator/ligand of the BZDR. Precedence has 

been established for systems or families of related peptides with 

specific functions and sites of action. Well-characterized systems are 

the p -endorphin based peptides and the proinsulin-insulin system. 

Encouraged by the results of the initial isolation resulting in 

a high molecular weight, peptide-like substance interactive with the 

BZDR, a modified isolation protocol was employed to more comprehensively 

test aqueous soluble, cortical substances. The modified approach lead to 

the isolation from bovine cortical tissue of a second endogenous factor 

interactive with the BZDR. This bovine cortical factor (BCF) was found 

to be strongly hydrophilic and of lew molecular weight (<500 daltons) as 

determined by comparison with standards of known molecular weight and 

hydrophobicity in size exclusion chromatography and HELC. Through 

analysis of radioligand binding saturation studies performed in the 

presence and absence of BCF, it was found to inhibit the binding of 
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tritiated BZDR ligands in a competitive fashion. Utilization of a pro

posed experimental in vitro method of determining the mode of ligand 

interaction at the BZDR indicated that BCF acts in a manner indicative 

of a BZDR antagonist. 

Ultimate identification of the endogenous ligand(s) for the BZDR 

will require additional in vitro and in vivo testing. Production of 

antibodies to BCF, coupled to the techniques of inniunofluorescent histo-

chanical techniques will reveal the localization of synaptic storage if 

indeed the nature of this factor is that of a classic neurotransmitter 

or modulator. However, there exists the possibility that BCF is a cir

culating factor that is not synaptically produced, or that is produced 

by neurons that are distinct from GABAergic systems. In vivo testing of 

this endogenous factor will ultimately reveal its mode of action on the 

BZDR - GfiBA receptor - chloride ionophore systen. In vivo animal 

behavioral models of anxiety yield good correlation between "agonist" 

BZDR ligand potency in "anticonflict" testing and the in vitro affinity 

at the BZDR. Through in vitro screening of various potential ligands for 

the BZDR, various compounds were shown to interact competitively and 

with high affinity at the receptor and yet were inactive in animal 

behavioral models of anxiety. In tests which examine an agent's ability 

to modulate pentylene tetrazole (FPZ) induced seizures, further discrim

ination of ligand - receptor interaction was made possible. "Agonist" 

type BZDR ligands such as the clinically used BZDs, diazepam, lorazepam, 

etc., provide protection against FTZ induced seizures that correlate 

well with their rank order in affinity constants (Randall et al 1978). 
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Proconvulsant agents and frank convulsant agents were also screened and 

determined as having high affinity for the BZDR. The in vitro GflBA modu

lation of BZDR ligands also provides insight into the activity of the 

ligand at the receptor. "Agonists" demonstrate lowered values in the 

presence of GABA whereas "antagonists" are unaffected by the presence or 

absence of GABA. Animal models of anxiety can be used to discern this 

action and ultimately, administration to human controls will identify 

its action in anxiolysis or anxiogenesis. Further studies are indicated 

for the ultimate purification and chemical identification of the com

petitive endogenous factor BCF. 



APPENDIX A 

SEPHADEX G-50 COLUMN CALIBRATION 

In order to utilize size exclusion chromatography as an analyti

cal tool, the column utilized must be calibrated with standards of known 

molecular weight. The size exclusion limit of the Sephadex G-50 resin 

is 30,000 daltons, therefore bovine hemoglobin was used as a standard to 

delineate the void volume of the 75cm x 2.5an col mm used. Bovine hemo-

3 
globin (Sigma Chemical Co.,St. Louis,MD) and [ H]gamma amino butyric 

3 
acid (New England Nuclear, Boston, MA) ([ H]GABA) were applied simultane

ously to the column which was equilibrated with 0.5N acetic acid at 5°C 

7 3 
(5mg bovine hemoglobin and 1.567 x 10 c.p.m. of [ H]GABA in 1 ml dis

tilled water). The flow rate of the mobile phase was 1.47ml min 5ml 

(165 drop) fractions were collected (Gilson Fraction Collector) and the 

presence of hemoglobin was determined by visual colorimetry. 100 jul 

aliquots were removed frcm each fraction and added to 8ral of scintilla

tion cocktail (1 liter Triton x-100: 2 liters toluene: 16g Omnifluor) in 

20 ml polypropylene scintillation vials. Hie samples were then quanti-

tated by liquid scintillation spectrometry (Tracor Scintillation 

counter) at an efficiency of 46%. The efficiency of recovery of the 

3 
[ H]GABA was calculated to be 90.6%. The initial detection of hemoglo

bin was defined as the endpoint of the void volume, fraction #24, there

fore fractions 1-23 or 115ml represented the void volume. The visual 

detection of hemoglobin and the liquid scintillation detection of the 

3 
[ H]GABA is graphically represented in Figure 11. 



SEPHADEX G-50 (75cm) COLUMN 
CALIBRATION PROFILE 

DETECTABLE BOVINE Hb DETECTABLE [3h| GABA 

FRACTION NUMBER (165 DROPS/FRACTION) 

11. Sephadex G-50 column calibration. 



APPENDIX B 

GfflA LEVEL DETERMINATION BY HH.C 

The detection of gamma amino butyric acid (GABA) by high perfor

mance liquid chromatography coupled to fluorometric detection has been 

described by Roth (1971). Derivitization of free amine groups with 0-

pthalaldehyde allows for detection through fluorcanetry at 340nm. 

MATERIALS 

Derivitizing agent: 

15mg O-pthal aldehyde 

50ml methanol 

lml borate buffer (0.05M sodium tetraborate adjusted to 

pH 9.5 with concentrated sodium hydroxide) 

10,ul ethanethiol 

Standards: 

gamma amino butyric acid, 1X10~6M, 10X10~6M 

HELC mobile phase: 

40% triethylamine (950ml distilled water + 

2ml glacial acetic acid 

60% Methanol (950 + 1.5ml triethylamine, pH 4.0) 
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HELC 

Spectra Physics 8000 HELC System 

25cm x 4mm I.D. C-18 reversed-phase lCJuM HELC column 

Flew rate = 1.7ml min.-̂  

Temperature = 40°C 

Detection = 340nm (Aminco fluorometer) 

METHODS 

200,ul of aqueous sample (standards or unknown sample) is mixed 

with 200jul of derivitizing agent. Hie mixture is allowed to react for 

five minutes at ambient temperature. 50,ul of the reaction mixture is 

then injected onto the HELC column. The run was timed frcm the point of 

sample application to the peak of the GABA standard elution as detected 

by fluoranetry at 340nm. Separate determinations of the GffiA standards 

elution profile were performed. The endogenous GABA sample was obtained 

from 30g bovine cerebral cortex. An initial extraction into 10 vol. 

(w/v) of 1.0N acetic acid pH 2.7 at 80°C for 10 minutes was performed. 

Subsequent centrifugation at 100,000 x g for 60 minutes and lyophiliza-

tion of the supernatant yielded a dried extract. The extract was 

resuspended into 3ml of distilled water and after centrifugation at 

20,000 xg for 5 minutes to remove insoluble particulates, was further 

fractionated by gel filtration (75cm X 2.5cm, Sephadex G-50 medium, elu

tion buffer 0.5mM Tris HCL pH 7.4 flew rate 1.7ml min-"''). Fraction 

numbers 50-65 were collected (165 drops or 5 ml per fraction), pooled 

and lyophilized,with an average yield of 260mg. This lyophilized 



material was then reconstituted to 50mg/ml distilled water and 50 jul 

aliquots were then reacted with the derivitizing agent. Standards were 

run separately to determine the elution time point and a standard curve. 

The endogenous sample was chromatographed (Fig. 12,A), and an endogenous 

sample was spiked with 2juM GABA (using GABA standard) to demonstrate an 

internal standard sample elution chranatogram (Fig. 12,B). The elution 

point of GABA (11 min) is indicated by the arrow. 



6 8  

B 

Fig. 12. GABA level determination by HPLC. 



APPENDIX C 

SDS-PtfSE SEPARATION OF HCF AND PROTEIN STANDARDS 

Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-

P2GE) is a powerful analytical tool directed towards the separation and 

recovery of large molecular weight substances, usually polymers. In 

electrophoresis charged molecular species migrate through a buffer per

meated gel under the influence of an electric field. Separation of dif

ferent molecular species is effected by both the electrophoretic mobil

ity of each charged species and the degree of the cross-linkage of the 

support gel. 

The addition of sodium dodecyl sulfate to the buffered system 

causes a masking of the charged surfaces of the molecular species. The 

neutralization of the net charge enhances the electrophoretic separation 

of molecular species on the basis of molecular size alone. 

69 



70 

Stacking gel: 6.25% bis-acrylanu.de polymer. 

Separating gel: 12.5% bis-acrylamide polymer. 

Running buffer: glycine/tris(hydroxymethyl) amincmethane base, pH8 (for 1 

liter: 3.0g tris base, 14.4g glycine, 10 ml 10% sodium dodecylsulfate in 

water, and 62.5ml 8M urea, q.s. to 1 liter with distilled water). 

Running conditions: 75mA (constant) at 22 volts (initial) for approxi

mately 4 hours. 

Tracking dye: 0.1% brcmophenol blue. 

Stain: Cocmassie Brilliant Blue Rr250 (250ml methanol, 250ml distilled 

water, 50ml glacial acetic acid, 1.38g Cocmassie Brilliant Blue R-250, 

filtered twice by Buchner funnel on Whatman #40. 

Destain: acetic acid, propyl alcohol. 

Standards: 10 jug ribonuclease A (13,700 M.W.), 10 jug chymotrypsinogen A 

(25,000 M.W.), 10 jug ovalbumin (43,000 M.W.), and 10 jug bovine serum 

albumen (67,000 M.W.) 

HCF: 20-80 jug. 

The samples were applied to the gel in 15-30 jul volumes with 

tracking dye. After the electrophoretic run, the gel was removed to the 

Cocmassie Brilliant Blue R-250 staining bath for 16 hr. The gel was 

then destained for several hours until the protein bands became dis

tinct. 
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