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ABSTRACT 

The subcellular distribution of the peripheral-type benzodiazepine 

receptor (PBR) has been under study for a long time. It has been reported that 

the PBR are primarily associated with mitochondrial membranes. Therefore, 

the PBR has been called the mitochondrial PBR. However, recently, other 

cellular organelles have been reported to have PBR. In the present study, we 

have demonstrated that PBR sites arc present in the microsomal fraction from 

rat liver, heart and kidney, which we have named the non-mitochondrial PBR. 

The non-mitochondrial PBR was pharmacologically characterized by 

porphyrin competition experiments. The ability of porphyrins to 

differentially compete for specific [3H]Ro5-4864 or [3H]Pklll95 binding 

demonstrated that the mitochondrial and non-mitochondrial PBR have 

different affinities for selected porphyrin compounds. These results suggest 

that the mitochondrial and non-mitochondrial PBR have a different binding 

pharmacology and support the existence of a non-mitochondrial PBR site. On 

the other hand, porphyrins show different potencies in competing for 

specific [3H]Ro5-4864 and r3H]PK11195 binding in the same fraction. In 

addition, the results of saturation experiments show that there are more 

PK11195 binding sites than Ro5-4864 binding sites in all fractions examined. 

This observation suggests that the sites labeled by [3H]Ro5-4864 and 

[3H]PK11195 are not identical. 
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CHAPTER 1 

ESfTRODUCTION 

Benzodiazepine Receptors 

Benzodiazepines have anxiolytic and anticonvulant effects (Harvey, 

198S). Binding sites for benzodiazepines were first described in central 

nervous system tissues (Braestrup et al, 1977 and Mohler et al, 1977). These 

binding sites are associated with the gamma-amino-butyric acid (GABA)-A 

receptor/chloride channel complex. Ligands binding to the benzodiazepine 

receptor increase the affinity of the GABA-A receptor for GABA which 

thereby increases the chloride flux into the neuron and hyperpolarizes the 

membrane (Costa and Guidotti, 1979; Haefely and Pole 1986). Since these 

benzodiazepine receptors are concentrated in the central nerve system, they 

have been called the central type benzodiazepine receptor (CBR). Besides the 

CBR, another type of benzodiazepine receptor has been reported. This type of 

benzodiazepine receptor was first described in peripheral tissues, such as 

liver, kidney and adrenal gland (Braestrup et al, 1977; Marangos et al, 1982; 

Schoemaker et al,1983; Anholt et al, 1984; De Souza et al,1985). Subsequent work 

has shown these sites also have limited distribution in neurons. This site was 

called the peripheral-type benzodiazepine receptor (PBR). The PBR is not 

associated with the GABA-A receptor nor the chloride channel (Marangos et 

al,l982; Schoemaker et al, 1983). Anticonvulsant drugs, such as clonazepam, 

which have high affinity for the CBR, only weakly bind to the PBR (Braestrup 

et al, 1977; Mohler et al, 1977; Tallman et al, 1980; Marangos et al, 1982; 

Schoemaker et al, 1983; Anholt et al, 1984; De Souza et al, 1985). On the other 
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hand, other benzodiazepines, such as Ro5-4864, with no anticonvulsant aciion, 

have high affinity for the PBR and very low affinity for the CBR (Marangos cl 

al, 1982; Schoemakcr et al, 1983; Anholt et al, 1984; De Souza et al, 1985). The 

rank order of benzodiazepine binding affinity to the PBR is Ro5-4864 > 

diazepam » clonazepam. By comparison, the same benzodiazepine ligands bind 

in the opposite rank order to the CBR (Marangos et al., 1987). Non-

benzodiazepine ligands, like isoquinoline carboximides and select pyrcthroids, 

have high affinity for the PBR and low affinity for the CBR (Bcnavidcs el al., 

1985; Devaud et al., 1986; Devaud and Murray, 1988). 

Distribution of Peripheral-Type Benzodiazepine Receptors 

The PBR has been identified in many organs, including liver (Anholl cl 

ah,1984; De Souza et al., 1985), heart (Davies and Huston, 1981; Marangos cl al., 

1982; Lc Fur et al., 1983a; Anholt et al., 1984; Dc Souza et al., 1985), lung 

(Marangos et al., 1982;AnhoIt et al., 1984; Dc Souza et al., 1985), adrenals 

(Marangos et al., 1982; Anholt el al., 1984;De Souza et al., 1985), testes (Anholt ci 

al.,1984; De Souza et al., 1985), pituitary (Schoemaker ct al., 1982; Dc Souza ci al., 

1985), spleen (Anholt et al., 1984; Dc Souza ct al., 1985), nasal epithelium 

(Anholt ct al., 1984; De Souza et al., 1985), salivary gland (Dc Souza ct al., 1985), 

tongue (Anholt ct al., 1984;De Souza ct al., 1985), mast cells (Taniguchi ci al., 

1980), platelets (Wang et al., 1980), brain (Schoemaker et al., 1981,1982,1983; 

Marangos et al., 1982; Richards et al., 1982; Gehlert et al., 1983; Bcnavidcs ct al., 

1983b; Owen ct al., 1983; Anholt et al., 1984; Dc Souza et al., 1985) and the spinal 

cord (Villigcr, 1984). Even though the physiological function for these 

binding sites has not been defined, the distribution in tissues may he 
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associated with its physiological functions. The tissues that undergo rapid 

cellular turnover and differentiation, such as the skin and the lingual and 

nasal epithelia, are rich in PBR. However, the cellular turnover is not the 

single unifying feature for the presence of PBR becausc the intestinal 

epithelium does not have high receptor density (Anholt et al., 1985). There arc 

high levels of PBR in tissues with secretory function. Endocrine glands such 

as the adrenal cortex, the interstitial tissue of the testis and the pituitary arc 

enriched in PBR (De Souza et al., 1985), as are exocrine tissues like the salivary 

gland. The kidney, which contain high levels of PBR, also have secrcioiy 

functions (Anholt et al., 1985). Another distinguishing feature among (issues 

with respect to PBR density is their primary source of metabolic energy. 

Tissues such as the brain, skeletal muscle and smooth muscle, containing low 

levels of receptors, are dependent primarily on glucose consumption. In 

contrast, tissues such as the adrenal cortex, the skin and cardiac musclc. 

containing moderate to high density of PBR, derive a large part of llicir 

metabolic energy from oxidative phosphorylation (Anholt et al., 1985). 

However, this association is not complete since some tissues with high levels of 

oxidative metabolism, such as the brown fat pads and the liver, have a modest 

density of PBR (Anholt et al., 1985). 

The distribution of PBR within an organ has also been evaluated as a 

potential indication of function. In the kidney, the PBR arc concentrated in 

the distal convoluted tubules of the renal cortex and in the thick portion of ihc 

ascending loop of Hcnlc of the medulla, which are primarily responsible lor 

sodium ion and water transport, respectively (Gehlert et al., 1983; Bulled, 

1984). In the adrenal gland, the PBR arc conccntrated in the cortex but abscni 
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from the the medulla (Benavides et al., 1983a; De Souza et al., 1985). In the 

testis, PBR are localized primarily to cells of the interstitial tissue; only low 

densities are found in the cells of the seminiferous tubules (De Souza et al., 

1985). PBR in these endocrine organs seem to be associated with steroidogenic 

cells (Anholt et al., 1985). In addition, the PBR has been found throughout the 

pituitary, with highest density in the posterior lobe (De Souza et al., 1985) 

The subcellular distribution of PBR also has been studied in different 

tissues. The subcellular density of these receptors varies quite considerably 

among various tissues (Antkiewicz-Michaluk et al., 1988). It was determined 

that PBR sites seem to co-localize with cytochrome oxidase (CCO), a 

mitochondrial marker enzyme (Anholt et al., 1986a ). Additional studies 

utilizing rat adrenal glands demonstrated a close correspondence between the 

distribution of CCO in different subcellular fractions (Anholt et al., 1986). It is, 

therefore, believed that the mitochondria are the primary membrane 

organelles with which these binding sites arc associated. Furthermore, 

separation of the mitochondrial inner and outer membranes by mild treatment 

with digitonin demonstrated that the binding site for [3HJPK11195 was released 

together with monoamine oxidase, indicating that the PBR is associated with 

mitochondrial outer membrane (Tarazi, 1983). Krueger et al. (1988) observed 

the subcellular fractionation of PBR in eight different tissues and compared its 

distribution with that of the mitochondrial enzyme succinate dehydrogenase 

(SDH), These workers found a close relationship between the density of 

PK11195 binding sites and SDH activity in the different subcellular fractions. 

However, the authors did not exclude the possibility that other membrane 

structures, such as microsomal fraction, might contain PBR binding sites in 
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considerably lower densities, such that their existence is masked by ilic 

mitochondrial population. Recently, other subcellular sites for the PBR has 

been suggested such as the sarcolemma, nuclei, neural synaptosomes and liver 

plasma membranes (Doble et al., 1987; Mukherjee and Das, 1989; Basile and 

Skolnick, 1986; O'Bcime and Williams,1990 ). However, no studies have reported 

pharmacological differences between mitochondrial and non-mitochondriul 

PBR. 

Cellular Function of the PBR 

The wide tissue distribution and different densities within tissues lor 

the PBR suggest the receptor may play an important fundamental function in 

the cell. A variety of effects of benzodiazepines on cell growih and 

differentiation mediated via the PBR has been reported. These include 

enhancement by Ro5-4864 of mclanogcnesis in melanoma cells (Matthew ct al.. 

1986), induction of synthesis of hemoglobin in Friend erythroleukcmia cells 

(Wang ct al., 1984c), inhibition of proliferation of thymoma cells (Wang ci al.. 

1984b) and stimulation of phospholipid methylation in C6 astrocytoma cells 

(Stittmatter ct al., 1979). Benzodiazepines stimulate chemotaxis of monocytes 

and facilitate expression of the proto-oncogenc c-fos by nerve growih factor 

in PC12 cells (Curran ct al., 1985). In addition, Laird et al. (1989) showed boih 

Ro5-4864 and PK11195 enhanced prolactin-stimulated mitogenesis in the rat 

NB2 lymphoma cell line. 

The role of the PBR in modulating mitochondrial respiratory was 

investigated by Hirsch el al. (1988). Ten compounds, including ihrcc 

benzodiazepines and seven nonbenzodiazepines, bound to rat kidney 
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mitochondrial PBR and inhibited mitochondrial respiratory control, in 

proportion by their receptor binding affinities. Ligands for these rcccptors 

increase the rate of substrate oxidation and decrease the rate of oxidative 

phosphorylation, thereby decreasing the respiratory control ratio. The effcct 

of Ro5-4864 on state IV respiration increases in parallel with increasing 

density of PBR in different mitochondria (Anholt et al., 1986; Antkiewicz-

Miichaluk et al., 1987). These results provide support for the idea thai PBR 

modulate cellular energy metabolism (Anholt et al., 1986; Lukeman et al., 1987). 

The benzodiazepines have a number of effects on calcium-dcpcndcnt 

processes in several tissues; spinal neurons (Skerritt et al„ 1984); intestinal 

smooth muscle (Ishii et al., 1982; Hullihan et al., 1983) and synaptosomcs 

(Leslie ct al., 1980; Taft and Delorenzo, 1984). Bisserbe et al. (1986) suggests (hat 

Ro5-4864 inhibits p-endorphin release from AtT-20 cells through a blockade 

of the voltage-dependent membrane Ca2+ channels. However, the specific role 

for calcium channels in the cellular function of the PBR remains io be 

defined. 

The possibility that PBR may play a role in the endocrine regulation of 

adrenal and testis was raised by Anholt ct al. (1985) who showed that 

hypophyscctomy induces a significant decrease in PBR density in these 

tissues. Furthermore, it has been shown that different steroids arc able to 

regulate the number of PBR in the rat testis (Gavish ct al., 1986), and thai long 

term administration of diazepam increases plasma testosterone levels in men 

(Arguellcs ct al.,1975). However, it does not have significant effects in rats 

(Wilkinson et al., 1980). More direct evidence for a role of benzodiazepines in 
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testicular function has been obtained by in vitro studies on decapsulatcd testes 

and interstitial cell suspensions where diazepam and Ro5-4864 have been 

shown to stimulate androgen production (Wikinson et al., 1980; Ritta et al., 

1987; Ritta et al., 1989). More recently, a steroidogenic protein was isolated 

from bovine adrenal cortex (Yanagibashi et al., 1988). This protein stimulated 

cholesterol conversion to pregnenolone by 3-fold and increased cholesicrol 

delivery to the inner mitochondrial membrane, suggesting its potential 

importance in the modulation of steroidogenesis by ACTH (Yanagibashi ci al.. 

1988). This protein's primary structure has been determined by Besman ci al. 

(1989). The sequence was identical to that previously reported for bovine 

brain endozepine, except that it lacks the last two residues (Besman et al., 

1989). Endozepine is expressed in a number of peripheral tissues as well as in 

brain, and binds to PBR in synaptosomes and in mitochondrial of select 

peripheral tissues (Gray, 1986; Mocchetti et al., 1986; Webb, et al., 1987;). 

Further evidence showed that the prototypic benzodiazepine, diazepam, cff'cets 

a stimulation of adrenal mitochondrial cholesterol delivery (Besman ci al, 

1989). The action of diazepam in adrenal mitochondrial suggests that ilic 

modulation of corticotropin-induced steroidogenesis may be a physiological 

function of a PBR. 

Ro5-4864 and PK11195 binding to PBR sites 

PBRs have been successfully characterized using the benzodiazepine 

compound [3H]Ro5-4864. The non-benzodiazepine compound PK11195, an 

isoquinolinc carboxamidc derivative, has also been found to label PBRs (Lc Fur 

et al., 1983b). [3H]Ro5-4864 and [3H]PK11195 are routinely used for locating and 
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characterizing PBRs. Hypophysectomy in rats results in suppression of 

testosterone secretion and induces reduction in PBR number in adrenal gland 

and testis (Anholt et al., 1985). The PBR sites on human platelets are down-

regulated by long-term neuroleptic treatment (Gavish et al., 1986a) and up-

regulated by thyroxine administration in peripheral organs of male rats 

(Gavish et al., 1986b). Estradiol treatment of male rats results in marked 

reduction in PBR number in the testis (Gavish et al., 1986c) 

Thermodynamic analysis indicates that the [3HJPK11195 binding is 

entropy driven, whereas, the [^H]Ro5-4864 binding is enthalpy driven (Lc Fur 

et. al. 1983b). According to the criteria proposed by Wieland et al. (1981) for 

the p-adrenoceptor, this might imply that Ro5-4864 is an agonist and PK11195 

an antagonist at the peripheral benzodiazepine binding site. Consequently 

PK11195 might be an antagonist of the PBR and Ro5-4864 an agonist or a 

partial agonist. However, Hirsch et al. (1988) demonstrate that PK11195 is not 

an antagonist in mitochondria since it has intrinsic potency and full cfficacy 

in mitochondrial respiratory control experiments. Therefore, the agonist and 

antagonist role for Ro5-4864 and PK11195 remains to be defined. 

Bcnavides et al. (1984) have examined chemical modifications of the 

receptor protein which have been reported to selectively discriminate 

between agonist and antagonist binding states at other receptors (Birdsall ct 

al., 1983a, b). The selective histidine-blocking reagent, diethylpyrocarbonatc, 

irreversibly decreases the Bmax for f^HJPKl 1195 without affecting the affinity. 

By contrast, binding of [^H]Ro5-4864 is not affected by diethylpyrocarbonatc 

treatment. However, Ro5-4864 can protect in a concentration dependent 



1  9  

manner the [3H]PKni95 binding site from diethylpyrocarbonate inactivation 

whereas, clonazepam and Rol5-1788 are not active. These results suggest that 

PK11195 and Ro5-4864 interact with different sites on or the conformational 

states of the receptors. 

Sites labeled by these two ligands have been shown to be differentially 

influenced by several agents, including arachidonate (Skowronski et al., 1987; 

Beaumont et al., 1988), 4,4 ,-disothiocyanostilbene-2,2'-disulfonic acid (DIDS) 

(Lueddens and Skolnick, 1987a), detergents such as Triton X-100, 3-1(3-

Cholamidopropyl)-dimethylammonio]-l-propanesulfonate (CHAPS), and Tween 

20 (Awad and Gavish, 1988), and by chemical modification by diethyl 

pyrocarbonatc (DEPC) (Benavidcs et al., 1984; Skowronski et al., 1987) and 

phospholipasc A2 (Havoundjian et al., 1986). 

Recently reports have indicated that Ro5-4864 and PK11195 may not 

label identical populations of binding sites in all mammals: [3HJPKI1I95 

labeled 40 times the number of sites that [3H]Ro5-4864 labels in bovine brain, 

and unlabeled PK11195 is 50-200 times more potent than Ro5-4864 in inhibition 

of specific [3H]PK11195 binding in cat, calf, and human brain (Awad and 

Gavish,1987; Doblc et al., 1987b) and 7,800 times more potent in bovine pineal 

gland (Basile et al., 1986). 

The densities of [3H]Ro5-4864 binding sites also differ greatly across 

mammalian species. The cat and guinea pig brains have high densities, 

whereas mouse, rat, dog, and monkey brains have low numbers. (Cymcrman ci 

al., 1986). However, the rodent species have abundant binding sites in their 

olfactory bulbs. Human brains contain a low density of PBRs when labeled by 
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[3H]RO5-4864, which arc distributed relatively homogeneously (Pazos et a!., 

1986). In contrast, [3H]PK11195 binding sites in human brain arc 

heterogenously distributed and restricted to gray matter (Doble et al., 1987). 

Further evidence for PBR heterogeneity was suggested by Awad and 

Gavish (1987). The binding characteristics of [3H]Ro5-4864 and [3H]PK11195 io 

cerebral cortex and peripheral tissues of various species were compared. 

There were four major findings in this study: (a) Ro5-4864 bound to various 

mammalian tissues with different affinities. It labeled with high affinity sites 

in rat and guinea pig tissues but bound with very low affinity to most PBRs in 

calf tissues, (b) PBR density in the cerebral cortex of various species was 

markedly different, (c) Ro5-4864 labeled a single population of binding sites 

in the ccrcbral cortcx of the dog and cat but two populations of binding sites in 

rat, guinea pig, rabbit, and calf cerebral cortcx. (d) PK11195 labeled with high 

affinity a single population of binding sites in rat and calf cerebral cortcx ;md 

kidney, whereas Ro5-4864, diazepam, fiunitrazepam and clonazepam bound two 

populations of binding sites, with high affinity to one population and with 

lower affinity to another population. These results suggest that Ro5-4864 

binding sites and PK11195 binding sites are not identical. 

Potential Endogenous Ligands: A Role For Porphyrins 

Several lines of research also support the notion that an endogenous 

ligand for PBR may be present in mammalian tissue. For example, [3H]Ro5-4 864 

binding in kidney membranes was noted to increase if the kidneys were 

perfused with saline prior to assay (Schoemaker et al., 1983a) which could 

remove or dilute an endogenous inhibitor. In other studies with 
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autoradiographic localization of [^H]PK11195 binding to adrenal glands, 

kinetic analysis demonstrated that the affinity of this ligand for PBR was 

approximately 10 fold lower in adrenal slices than in homogenates (Bcnavidcs 

et al., 1983). Homogcnization of this tissue may have also diluted an endogenous 

inhibitor retained by slices. Mantione et al. (1984) observed that the acidificd 

methanol extracts from several tissues inhibited the binding of [3H]Ro5-4864 

to PBR, but did not significantly affect the binding of [3H]diazepam to the CBR. 

Numerous laboratories examined brain extracts for materials thai migln 

compete for central receptors. Both high and low molecular weigln 

components were detected (Costa et al., 1985). Proteins that inhibit diazepam 

binding to synaptosomes have been isolated and purified to homogeneity from 

bovine, human and rat brain (Guidotti et al., 1983; Marquardt ct al., 1986; 

Shoyab et al., 1986). These inhibitory proteins were called endozcpincs or 

diazepam-binding inhibitors (DBIs). DBI has a micromolar affinity for CBR 

with similar affinity for the PBR (Guidotti et al., 1983). 

Inhibitory activity was purified from perfused rat spleen, harden an . 

gland,kidney, liver, and adrenal, and was observed that in all tissue extracts 

the peripheral benzodiazepine binding inhibitory activity were reported to be 

completely accounted for by porphyrins (Vcrma ct al., 1987). The specific 

porphyrin responsible for inhibition of the receptors varies with the tissue. 

In the spleen, the inhibitory activity predominantly reflects hcniin, 

presumably derived from the red blood cell content of that tissue. On the oilier 

hand, in other tissues, protoporphyrin IX is the major substance responsible 

for inhibition of the PBR (Verma ct al., 1987). 
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Several features of the actions of porphyrins on the receptors strongly 

imply that they have a physiological role in association with these sites. First, 

in contrast to the weak potencies of DBI-endozepine and unsaturated lipids, 

porphyrins show inhibitory activity in the nanomolar range. Another feature 

is that the relative potencies of a wide range of porphyrins vary markedly. 

Hemin, protoporphyrin IX, mesoporphyrin IX, and deuteroporphyrin IX arc 

naturally occurring porphyrins with high affinity for receptors. By contract, 

the precursors coproporphyrin and uroporphyrin are much weaker than 

protoporphyrin IX as are the breakdown products of porphyrins, bilivcrdin 

and bi!irubin(Verma et al., 1988). 

The identity of porphyrins as putative endogenous ligands and the 

association of PBR with mitochondria suggest possible functional 

relationships. The initial and final steps in porphyrin biosynthesis lake placc 

within the mitochondria so that the porphyrin precursors of protoporphyrin 

IX and hemin must cross the outer mitochondrial membrane. Although no 

specific porphyrin transporters have yet been identified, these compounds 

may cross the outer mitochondrial membrane by way of the porin protein. 

Several  cytosolic proteins possess porphyrins as prosthetic groups,  C.JJ. ,  

hemoglobin, myoglobin, catalase tryptophan pyrrolase, and several 

peroxidases. Their biosynthesis also requires transport of heme out ol" 

mitochondria. Cytochromes all contain porphyrins and are concentrated in 

inner and outer mitochondrial membranes. Several of these enzyme arc 

necessary for steroid metabolism. In this conncction, it is striking that steroid-

forming tissues such as the adrenal gland and testes possess the highest 

density of mitochondrial PBR. These rcceptors arc selectively localized to the 
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steroid-forming, zona glomerulosa and Leydig cells of the adrenal gland and 

testes, respectively (Anholt et al., 1986). 
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Purpose of study 

Evidence suggests that the mitochondrial membranes have high density 

of PBR binding sites. The distribution of the PBR is parallels the distribution oT 

SDH and CCO, the mitochondrial marker enzymes. However, preliminary 

evidence suggests that non-mitochondrial PBR sites exist. 

The hypothesis of this project is: there are non-mitochondrial PBR 

binding sites in the microsomal fraction. 

The goals of this project arc: 1) Characterize the non-mitochondrial PBR 

thought to be present on microsomal membranes in liver. 2) Demonstrate that 

non-mitochondrial PBR sites were commonly found in other tissues. Heari and 

kidney were selected for evaluation. 3) Pharmacologically characterize these 

non-mitochondrial PBR sites and compare to mitochondrial PBR in liver, licun 

and kidney. These studies can help us to understand the subcellular 

distribution and the possible physiological function of the PBR. 
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CHAPTER 2 

MATERIALS AND METHODS 

Materials 

Porphyrins were obtained from Porphyrin Products (Ogden, Utah) or as 

with other chemicals were purchased from Sigma Chcmical Co. (St. Louis, MO) 

unless otherwise indicated. Ro5-4864 was a gift from Dr. P. Sorter (Hoffman-

LaRoche, Nutley, NJ) and PK11195 was kindly provided by Dr. C. Gucrcmy 

(Rhonc-Poulcnc Sante, Cedex, France). Radioligands, [^H]PK1 1 195 (83.5 

Ci/mmol) and [^H]Ro5-4864 (90 Ci/mmol), were obtained from DuPont-NEN 

(Boston, MA). 

Subcellular Fractionation. 

Male Spraguc-Dawley rats (150-250 g) were killed by decapitation and 

the livers, kidneys and hearts were removed and stored at -80oC until used. All 

fractionation procedures were conducted at 4°C. 

A. Mitochondrial Fraction: 

Each tissue (1 g in 10 volumes buffer) was minced in homogeni/.ini! 

buffer (0.25 M sucrose, 100 mM Na/K phosphate buffer, pH 7.4 at 4°C) and 

homogenized by 10 pestle passes in a Potter-Elvejhcm tissue homogcnizcr. The 

homogenate was centrifuged at 700 x g for 20 minutes. The resulting 

supernatant was centrifuged at 6,000 xg for 20 minutes. The pellet, enriched 

in mitochondria was washed by resuspension in homogenizing buffer and 
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centrifugcd at 6,000 x g for 20 minutes. The pellet was resuspendcd and stored 

in phosphate buffer (100 mM Na/K phosphate buffer, pH 7.4 at 4oC) at -80°C 

until used. 

B. Microsomal Fraction: 

(1) Liver: the supernatant from the first 6,000 x g centrifugation was 

centrifugcd at 20,000 x g for 20 minutes at 4°C. The resulting supernatant was 

centrifuged at 150,000 x g for 45 minutes to obtain the microsomal pellet, The 

pellet was washed by resuspension in phosphate buffer and centrifugcd at 

150,000 x g for 45 minutes. The pellet, enriched in microsomes, was 

resuspendcd in phosphate buffer and stored at -80°C. 

(2) Kidnev: the supernatant from the first 6,000 x g centrifugation was 

centrifugcd at 50, 000 x g for 20 minutes twice. The resulting supernatant was 

centrifugcd at 150,000 x g for 60 minutes to get the microsomal pellet. The 

microsomal pellet was resuspendcd in phosphate buffer and stored at -80°C. 

(3) Heart: the supernatant from the first 6,000 x g centrifugation was 

centrifuged at 50,000 x g for 20 minutes twice. The supernatant was 

centrifuged at 150,000 x g for 60 minutes to get the pellet. The outside ring ol" 

the pellet was removed and resuspended in phosphate buffer as described from 

the microsomal preparation (Doble et al., 1987a). 

Determination of Protein Concentration 

Protein concentration were determined according to the method of 

Lowry and coworkcrs(1951). Using bovine serum albumin as standard protein, 

eight concentrations of protein were used (0-35 g/lOOul) for the standard 
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curvc. The unknown samples were prepared in a similar manner. The 

standards and samples were run in triplicate. Briefly, 1 mL of copper EDTA (0.5 

M EDTA in 0,1 M NaOH) was added to cach 100 Ml assay solutions and allowed lo 

set for at least an half hour, but no longer than one hour. At this point 100 I 

of Folin reagent (1 M) was added to each tube and allowed to incubate for one 

hour. The absorbance of each sample was measured spectrophotometrically at 

700 nm. The concentration of the unknown samples were calculated from the 

standard curve. 

Determination of Succinate Dehydrogenase Activity 

Succinate dehydrogenase (SDH), a inner mitochondrial membrane 

enzyme was used as a marker to determine the presence of mitochondria. SDH 

was measured by incubating 250 Jig protein aliquots at 37°C in 450 |i I of a 

buffer containing 10 mM sodium phosphate (pH 7.4), 10 mM sodium succinaic. 

and ImM KCN. The reaction was initiated with the addition of 50 jil of 30 mM 

neotetrazolium chloride dissolved in dimcthylsulfoxide. After 10 minulcs of 

incubation, the reaction was terminated by the addition of 1 ml of 0.1 M sodium 

formate (pH 3.5), 0.1 M formaldehyde, 2% Triton X-100 (v/v). The absorbancc of 

the reaction mixture was measured at 505 nM. Control samples were handled in 

the identical manner to the assay samples except that succinate was omiiicd 

from the reaction mixture. Control values were subtracted from assay samples. 

Sucrose Density Gradient Centrifucation 

These experiments were performed by the method of Sottocasa and co

workers (1967) with minor modifications. Eleven different concentrations of 
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sucrose were prepared in phosphate buffer. Sucrose concentrations ranged 

from 0.88 M to 1.88 M for the liver, and from 0.58 M to 1.58 M for the kidney 

and heart. Two milliliters of each concentration was layered sequentially in a 

ccntrifugc tube and the gradient was allowed to stand for at least 12 hours al 

4°C to form a continuous gradient. Microsomal fractions from each tissue were 

layered on top of the gradient and centrifugcd at 25,000 x g for 12 hours at 4°C. 

One milliliter aliquots of the continuous gradient was removed from the bollom 

of the gradient and assayed for protein content, PK11195 binding activity and 

SDH activity. Sucrose did not interfere with any of these assays in ltic 

concentrations used to form the gradient. The concentration of sucrosc in 

each aliquot of a control preparation (no microsomes) was estimated by optical 

refractometcry. The refractive index of each 1 ml fraction was determined and 

used to estimate the actual sucrosc concentration. The density was determined 

from the estimated actual sucrosc concentration. 

Radioligand Binding Experiments 

Binding of [^H]Ro5-4864 and [^H]PK11I95 to the membranes from lhe 

mitochondrial and microsomal fractions from each tissue was performed ;is 

follows: 

The protein was incubated in phosphate buffer (100 mM Na/K 

phosphate, pH 7.4) at 4°C for [3H]Ro5-4864 or room temperature 

(25°C) for [3H]PK11195 for 3.5 hours. The final incubation volume 

was 500 jil. To each assay tube, the following were added: 50 JUL 1 

drug dilution (or water if no competing drug was added), 400 p. I 

phosphate buffer, and 50 1 radioligand ([3H]Ro5-4864 or 
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[3H]PK11195). Nonspecific binding was determined in a 1000-fold 

excess of unlabeled ligand (1 (lM). Total binding was determined 

in the absence of unlabeled ligand. Specific binding was the 

difference between total and nonspecific binding. Incubations 

were terminated by the addition of 2.5 ml ice cold 50 mM 

phosphate-buffered saline (PBS, pH 7.4 at 4°C). Filters were 

washed three times with 4 ml PBS. Filters were placed in a 

scintillation vial and air dried at 37° C. Ten milliliters 

scintillation solution was added and radioactivity was assessed by 

scintillation spectroscopy. For all PK11195 binding experiments, 

the glass tubes were pretrcatcd with SigmaCotc (Sigma Chemical 

Co.) and the glass-fiber filters were pretreatcd with the 0.5% 

polyethyenimine (PEI) treated filters (filters were soaked in the 

PEI for two hours and air dryed). 

Association and Dissociation Experiments 

Association and dissociation rate constant determinations were obtained 

in both mitochondrial and microsomal fractions. In association experiment, 

the aliquots of tissue membranes were incubated at 4°C with 1 nM [^H]Ro5-48fi4 

or at room temperature with 1 nM [3H]PK11195. The tissues were harvested ai 0, 

5, 15, 30, 60, 90, 120, 150, 180, 210 minutes after the start of incubation. In 

dissociation experiments, aliquots from the same tissue membrane preparation 

were first incubated with either 1 nM [3H]Ro5-4864 or [^H]PK11195 to 

equilibrium and then either unlabeled Ro5-4864 or PK11195 (1 )iM) was added 

and samples harvested at 0, 5, 10, 20, 30, 45, 60, 90 minutes. 



3 0  

Protein-Dependence Experiments 

To determine the linear protein range for binding experiment, protein 

dependence experiments were done for both [3H]Ro5-4864 and [3H]PK11195. Six 

different protein concentrations were incubated with 1 nM [3H]Ro5-4864 or 1 

nM [3H]PK11195. The linear protein range for binding was obtained from the 

binding curve for specific binding verse the protein concentrations. 

Saturation Experiments 

Saturation experiments were conducted by incubating 8 different 

concentrations of the radioligand with the membrane aliquot. The protein 

concentration used was in the linear binding range. The incubation time was 

sufficient to reach the equilibrium state. The nonspecific binding for each 

concentration was determined in the presence 1000-fold excess of unlabeled 

ligand. The ligand concentrations used for [3H]Ro5-4864 binding were from 1 -

30nM while 0.5 - 25nM concentrations were used for [3H]PKI1195. 

Competition Experiments 

Porphyrins are light sensitive compounds, so all the porphyrins 

competition experiments were done under reduced light conditions. The 

protocol for the experiments was the same as that described for the 

benzodiazepine ligand competition experiments. The stock porphyrin solutions 

were made in 100% dimethyl sulfoxide (DMSO) and then diluted in water. The 

final concentration of DMSO was less than 1% and had no effect on the ligand 

binding assay. All the tubes used in these experiments were treated with 
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SigmaCote (Sigma Co.) since porphyrins adhere to glass. The concentrations 

for all porphyrins used in the experiments were from 3 - 10,000 nM. 

Calculations 

Calculations used for analyses of the radioligand binding data have been 

described by Limbird (1986). The observed association rate constant (Kobs) wus 

calculated as the slope of the line determined by In [Be/(Be-B)] versus time, 

where Be is the bound ligand at equilibrium and B is the bound ligand ai ;t 

given time. The dissociation rate constant, K.j, was determined as 2.303 x slope 

of the best fit line of Log(B/Bo) versus time, where Bo is the bound ligand al 

equilibrium and B is the bound ligand at a specific time after a molar exccss of 

unlabeled ligand had been added. The association rate constant, K+1, was 

calculated from the equation: 

(Kobs_K-l)/Lt 

where Lt is the free radioligand concentration for the determination of Kobs, A 

kinetic estimation of the dissociation constant, Kd, was calculated from the 

kinetic data by the equation: 

Kd= K-i/K+i 

Scatchard plots were used to estimate the dissociation constant (Kd) and 

the maximum number of binding sites (Bmax). Hill numbers (n H ) were 

determined from Hill plots for all saturation data. 

The 50% inhibitory concentrations (IC50) values were determined by 

nonlinear regression methods using PCNONLIN. The equation used to estimate 

the IC50 was 

Y = B [ ( A -D) / (1+(X/C) )] + D 
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where Y is bound radioligand, X is the concentration of inhibitor, B is the 

slope, C is the IC50 of the inhibitor, and a and D are the maximal and minimal 

fraction of bound radioligand, respectively. Estimated Ki values were 

calculated according to Cheng and Prussoff (1973) equation: 

Ki = IC5o/[l +(Lt/Kd)] 
Nonlinear regression analysis were used to evaluate Kd and Bmax from 

saturation data. The equation used was: 

B = (Bmax)(X)/(Kd+X) 

where B is the specifically bound ligand at radioligand concentration X, Bmax 

is the maximum number of ligand binding sites, and Kd is the dissociation 

constant. 
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CHAPTER 3 

RESULTS 

Part I. Identification of Non-mitochondrial Peripheral-Type 
Benzodiazepine Receptor in Rat Liver, Heart and kidney 

Preliminary Binding Experiments 

Radioligand binding is a bimolccular reversible reaction between ilic 

receptor and radioligand that is protein and time dependent. It is important to 

know the protein range for linear radioligand specific binding and the time lo 

reach equilibrium. Therefore, the preliminary binding experiments were 

done to establish equilibrium binding conditions for [^H]Ro5-4864 and 

[3H]PK11195 in each of the fractions from liver, heart and kidney. 

Succinatc dehydrogenase (SDH) enzyme activity was used to estimate the 

presence of mitochondrial membrane in each subcellular fraction. Therefore, 

the linear protein range of SDH activity was determined for each type of 

tissues. 

(1) Liver 

The specific binding of [3H]Ro5-4864 was linear over the range of 25 -

300 ji g/assay of protein in the mitochondrial fraction and over the range of 

100 - 500 fig/assay of protein in the microsomal fraction. Protein used in 

binding assays was 100 jig/assay for mitochondrial fractions or 300 jig/assay 



3 4  

for microsomal fractions. Equilibrium of [3H]Ro5-4864 binding at 4°C was 

attained by 90 minutes and 180 minutes for the mitochondrial and microsomal 

fraction, respectively (Table 1). 

The specific binding of [3H]PK11195 was linear over the range of 25 -

150 g/assay for mitochondrial fraction and 50 - 250 jig/assay for microsomal 

fraction. Protein concentration used in binding assays was 75 jig/assay 

mitochondrial fraction or 100 jig/assay microsomal fraction. Equilibrium of 

[3H]PK11195 binding at room temperature was attained by 30 minutes for both 

fractions (Table 1). 

The degree of mitochondrial contamination in the microsomal fraction 

was estimated by SDH activity, an inner mitochondrial membrane enzyme. The 

linear protein range of SDH activity was 0.5 - 3 nig/ml (Table 1). Routinely. I 

mg/ml of mitochondrial or microsomal protein was usually used for SDN 

determination. For the fractions used for radioligand binding, the average SDH 

activity in the microsomal fraction was 9.3 ±. 3.8% (n = 9) of the total activity 

for a given preparation. 

(2) Heart 

The specific binding of [3H]Ro5-4864 was linear over the range of 25 -

100 ji g/assay for the mitochondrial fraction and 50 - 400 g/assay for the 

microsomal fraction. Mitochondrial protein 150 g/assay or microsomal 

protein 200 ji g/assay was used in binding assay. Equilibrium of [3H]Ro5-4864 

binding at 4°C was achieved by 90 minutes for mitochondrial fractions and 150 

minutes for the microsomal fractions (Table 2). 
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Specific binding of [^H]PK11195 was linear from 25 - 150 fi g/assay of 

protein for mitochondrial fraction and from 25 - 125 Jig/assay of protein for 

microsomal fraction. Mitochondrial protein 100 jig/assay or microsomal 

protein 150 jig/assay was used in binding assays. Equilibrium of [^H]PK11195 

at room teperature was attained by 30 minutes for both fractions (Table 2). 

The presence of heart mitochondria was also determined by SDH 

activity. The linear protein range of SDH activity was 0.5 - 2.5 mg/ml for 

mitochondrial fractions and 0.5 - 1.5 mg/ml for microsomal fractions (Tabic 2). 

The average SDH activity in the heart microsomal fraction was 8.82 +. 3.58% (n 

= 6) of the total activity for a given preparation. 

(3) Kidney 

Specific binding of (3h]r05.4864 was ijnear  f rom 20 Jig/assay to 100 

>1 g/assay for the mitochondrial fraction and 50 to 250 fi g/assay for ilie 

microsomal fraction. Protein concentration used in binding assay was 100 

pig/assay for mitochondria or 150 for microsome. The equilibrium of [^H]Ro5-

4864 binding at 4°C was found at 90 minutes for mitochondrial fractions and 

150 minutes for the microsomal fractions (Tabic 3). 

Specific binding of [3H]PK1I195 was linear from 25 to 100 pig/assay for 

the mitochondrial and from 25 to 200 ji g/assay for the microsomal fraction. 

Protein concentration used in binding assay was 80 pi g/assay of protein for 

mitochondrial fraction or 100 jig/assay of protein for microsomal fraction. 

Equilibrium of [3H]PK11195 binding was reached by 30 minutes for both 

fractions (Table 3). 
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The linear protein range of SDH activity was 0.14 to 3.22 mg/ml for 

mitochondrial fractions and 0.43 to 1.71 mg/ml for microsomal fractions (table 

3). The average SDH activity in the microsomal fractions was 5.65 +.2.1% (n = 7) 

of the total activity for a given preparation. 

Ligand Saturation Assay 

Mitochondrial and microsomal fractions were obtained by differential 

ccntrifugation. Saturation isotherms of specific [3H]Ro5-4864 binding at 4°C 

and specific [^H]PK11195 binding at room temperature were determined for 

mitochondrial and microsomal fractions of liver, heart and kidney. Rcccpior 

binding affinity (Kd) and receptor density (Bmax) were determined by 

nonlinear regression analysis (PCNONLIN) of the saturation isotherms. Hill 

analysis of the saturation data on each experiment determined the rcccpior 

populations. 

(1) Liver: 

The saturation isotherm of specific [^H]Ro5-4864 binding at 4°C was 

determined for liver mitochondrial and microsomal fractions. The dissociation 

constant (Kd) and the number of maximum binding sites (Bmax) were 

determined (Table 4). There was no significant difference between the Kd's in 

the two fractions, but the Bmax was greater in mitochondrial fraction than in 

the microsomal fraction. Hill analysis showed a single homogeneous rcccpior 

population in both fractions (Table 4, Figure 1). 

For the [3H]PK11195 binding, saturation isotherms were performed 

using 8 different concentrations of [3HJPK11195 ranging from 0.5 to 20 nM. 
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Tabic 1. Summary of preliminary binding experiments for rat liver 
mitochondrial and microsomal fractions. 

mitochondria microsome 

protein range fora 

F3H1RO5-4864 binding 

25 - 300 100 - 500 

protein range for 

R^HIPKL 1195 binding 

25 - 150 50 - 250 

protein range for SDH 

assavb 

0.5 - 3 0.5 - 3 

incubation time for 

R^HlRo5-4864 binding0 

90 180 

incubation time for 

f3HlPK11195 binding 

30 30 

aProtein is reported as ug/assay. 

bProtein is reported as mg/ml. 

cIncubation time is reported in minutes. 
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Table 2. Summary of preliminary binding experiments for rat heart 

mitochondrial and microsomal fractions. 

mitochondria microsome 

protein range for3 

T3H1RO5-4864 binding 

25 - 100 50 - 400 

protein range for 

f^HlPKl 1195 binding 

25 - 150 25 - 125 

protein range for SDH 

assavb 

0.5 - 2.5 0.5 - 1.5 

incubation time for 

f3HlRo5-4864 binding0 

90 150 

incubation time for 

r3H!PK11195 binding 

30 30 

aProtein is reported as ug/assay. 

bProtein is reported as mg/ml. 

cIncubation time is reported in minutes. 
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Table 3. Summary of preliminary binding experiments for rat 
kidney mitochondria] and microsomal fractions. 

mitochondria microsome 

protein range for3 

r3HlRo5-4864 binding 

20 - 100 50 - 250 

protein range for 

r3HlPK11195 binding 

25 - 100 25 - 200 

protein range for SDH 

assayb 

0.14 - 3.22 0.43 - 1.75 

incubation time for 

r3HlRo5-4864 binding0 

90 150 

incubation time for 

r3HlPKllly5 binding 

30 30 

aProtcin is reported as ug/assay. 

^Protein is reported as mg/ml. 

cIncubation time is reported in minutes. 
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Hill plots revealed a single homogeneous receptor population in each fraction. 

The Kd was close in both fractions, but the Bmax was greater in the 

mitochondrial fraction than in the microsomal fraction (Table 4, Figure 2). 

SDH activity and the density of Ro5-4864 and PK11195 binding sites were 

compared. These data reveal that 15% of the sites labeled by [^H]Ro5-4864 and 

20% of those labeled by [3H]PK11195 were localized in the microsomal fraction 

while only 9.7% of total SDH activity was present in this fraction. These data 

suggest that there are more sites labeled by these ligands in the microsomal 

fraction than can be accounted for by mitochondrial contamination (Figure 

3). 

(2) Heart: 

Saturation isotherms were obtained using 8 different concentration of 

[3H]Ro5-4864 ranging from 1 to 30 nM. Hill analyses of the saturation data 

showed a single homogeneous population of receptor in both fractions. The Kd 

was the same for both mitochondrial and microsomal fractions, but the Bmax 

was 6.5 times higher in the mitochondrial fraction than in the microsomal 

fraction (Table 5, Figure 4). 

For the [3H]PK11195 saturation isotherm, the Kd was the same for both 

fractions , but the Bmax was 2 times higher in the mitochondrial fraction than 

in the microsomal fraction. In the microsomal fraction, there were 4 times 

more PK11195 binding sites labeled by PK11195 than were labeled by Ro5-4864, 

but densities of sites labeled by these ligands were the same in the 

mitochondrial fraction (Table 5, Figure 5). 
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Table 4. Summary of Kd and Bmax values determined from 

radioligand saturation experiments in rat liver mitochondrial and 

microsomal fractions. 

[3H]Ro5-4864 

Kda 

Bmaxb 

r»Hc 

[3H]PK11195 

Kd 

Bmax 

"H 

Mitochondria 

2.6 + 0.7d 

1.800 ± 0.190 

0.95 + 0.06 

0.9 ± 0.4 

2.740 ± 0.370 

0.98 ± 0.01 

Microsomes 

3.9 ± 0.6 

0.460 ± 0.100 

0.99 + 0.01 

2.7 + 0.7 

0.950 + 0.240 

1.02 + 0.12 

a Kd and Bmax were determined by nonlinear regression analysis of the 

saturation data. Kd is reported as a nM value. 

b Bmax is reported as pmol/mg of protein. 
c nH was determined from Hill plots of the saturation data. 

d Mean +. S. D. from at least three separate experiments. 
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Figure 1. Representative [3H]Ro5-4864 saturation isotherm for rat 

liver mitochondrial and microsomal membranes. Membranes from 

each fraction were incubated for 3.5 hours at 4°C with different 

concentrations of radioligand. Nonspecific binding was determined in the 

presence of 1 |iM RoS-4864. Scatchard analysis (insets) of the saturation data 

was used to determine Kd and Bmax for both fractions (Table 4). 
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Figure 2. Representative [3H]PK11195 saturation isotherm for rat 

liver mitochondrial and microsomal membranes. Membranes from 

each fraction were incubated for 30 minutes at room temperature with 

different concentrations of radioligand. Nonspecific binding was determined 

in the presence of 1 fi M PK11195. Scatchard analysis (insets) of the saturation 

data was used to determine Kd and Bmax for both fractions (Table 4). 



4 4  

100-r 

60 

60 

40 

20 

0 

ES SDH 
CZI Ro5—4864 
mI PK 11195 

i 
* 

MICROSOMAL MITOCHONDRIAL 
FRACTION FRACTION 

Figure 3. Distribution of Specific [^H]RoS-4864 and [3H]PK11195 

binding sites in rat liver subcellular fractions. Microsomal and 

mitochondrial fractions from liver homogenates were obtained by differential 

centrifugation as described in "Methods", SDH activity (left diagonally hatched 

bar) indicated the presence of mitochondria. The total radioligand binding site 

densities for [^H]Ro5-4864 (empty box) and [^H]PK11195 (crosshatched box) 

were determined by nonlinear regression analyses of saturation isotherms 

(Table 4). All activities were expressed as a percentage of the total activity of 

both fractions. The values for radioligand binding are the means from three 

separate experiment run in triplicate. SDH activity is a average value of 9 

separate fractions. An asterisk (*) indicates a significant difference (P < 0.05) 

in the percentage of radioligand binding from the percentage of SDH activity 

in a fraction. Each bar and error bar indicates the mean +. S. D. from at least 

three separate determinations. 
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Table 5. Summary of Kd and Bmax values determined from 

radioligand saturation experiments in rat heart mitochondrial and 
microsomal fractions. 

[3H]Ro5-4864 

Kda 

Bmax'' 

"Hc 

PHJPK11195 

Kd 

Bmax 

nH 

Mitochondria 

2.51 ± 0.54d 

8.01 ± 0.74 

0.99 + 0.014 

1.38 ± 0.01 

10.74 + 0.76 

0.99 + 0.014 

Microsomes 

2.00 ± 0.14 

1.33 ± 0.03 

0.97 + 0.010 

1.11 ± 0.06 

5.61 ± 0.55 

0.98 ± 0.005 

a Kd and Bmax were determined by nonlinear regression analysis of the 

saturation data. Kd is reported as a nM value. 

b Bmax is reported as pmol/mg of protein. 
c HH was determined from Hill plots of the saturation data. 

d Mean ± S. D. from at least three separate experiments. 
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Figure 4. Representative [^H]Ro5-4864 saturation isotherm for rat 
heart mitochondrial and microsomal membranes. Membranes from 

each fraction were incubated for 3 hours at 4°C with different concentrations 

of radioligand. Nonspecific binding was determined in the presence of 1 jiM 

Ro5-4864. Scatchard analysis (insets) of the saturation data was used to 

determine Kd and Bmax for both fractions (Table 5). 
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Figure 5. Representative [3H]PK11195 saturation isotherm for rat 

heart mitochondrial and microsomal membranes. Membranes from 

each fraction were incubated for 30 minutes at room temperature with 

different concentrations of radioligand. Nonspecific binding was determined 

in the presence of 1 jiM PK11195. Scatchard analysis (insets) of the saturation 

data was used to determine Kd and Bmax for both fractions (Table 5). 
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Figure 6. Distribution of Specific [3H]Ro5-4864 and [3H]PK11195 

binding sites in rat heart subcellular fractions. Microsomal and 

mitochondrial fractions from liver homogenatcs were obtained by differential 

centrifugation as described in "Methods". SDH activity (empty bar) indicated 

the presence of mitochondria. The total radioligand binding site densities for 

[3H]RO5-4864 (left diagonally hatched bar) and [3H]PK11195 (crosshatched 

box) were determined by nonlinear regression analyses of saturation 

isotherms (Table 5). All activities were expressed as a percentage of the total 

activity of both fractions. The values for radioligand binding are the means 

from three separate experiment run in triplicate. SDH activity is a average 

value of 6 separate fractions. An asterisk (*) indicates a significant difference 

(P < 0.05) in the percentage of radioligand binding from the percentage of SDH 

activity in a fraction. Each bar and error bar indicates the mean +, S. D. from at 

least three separate determinations. 
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In Figure 4, the SDH activity and Bmax of [3H]Ro5-4864 and [3H]PK11195 were 

compared in both fractions. The microsomal fraction had about 10% of total 

SDH activity but remain about 20% of total Ro5-4864 binding and 35% of total 

PK11195 binding sites. These data suggest that there were more PBR sites in the 

microsomal fraction than can be accounted for by mitochondrial 

contamination (Figure 6). 

(3) Kidney: 

For both [3H]Ro5-4864 and [3H]PK11195 saturation, The Kd is the same in 

both mitochondrial and microsomal fractions, but the affinity of the receptor 

for both ligands was higher in the kidney than in the heart. The Bmax of 

[3H]Ro5-4864 was 8 times higher in the mitochondrial fraction than in the 

microsomal fraction. The Bmax of [3H]PK11195 was 6 times higher in the 

mitochondrial fraction than in the microsomal fraction (Table 6, Figure 7). 

Comparing the Bmax of [3H]Ro5-4864 and [3H]PK11195 shows that the 

microsomal fraction had 2 times more PK11195 binding sites than the Ro5-4864 

binding sites while the mitochondrial fraction had almost same number of 

PK11195 and Ro5-4864 binding sites (Table 6, Figure 8). 

In Figure 5, The SDH activity and the Bmax of [3H]Ro5-4864 and the 

[3H]PK11195 were compared. The kidney microsomal fraction had about 5% of 

the total SDH activity with about 10% the total of [3H]Ro5-4864 labeled sites and 

15% of the total [3H]PK11195 labeled sites. These results suggest that not all the 

PBR sites in the microsomal fraction are due to mitochondrial contamination 

(Figure 9). 
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Table 6. Summary of Kd and Bmax values determined from 

radioligand saturation experiments in rat kidney mitochondrial 

and microsomal fractions. 

[3H]Ro5-4864 

Kda 

Bmaxb 

nHf 

[3H]PK11195 

Kd 

Bmax 

nH 

Mitochondria 

1.37 ± 0.12d 

10.29 ± 0.76 

0.99 ± 0.005 

0.94 + 0.24 

13.57 + 0.60 

0.97 ± 0.006 

Microsomes 

1.90 ± 0.12 

1.25 + 0.10 

0.97 ± 0.002 

0.80 ± 0.17 

2.53 ± 0.40 

0.97 ± 0.005 

a Kd and Bmax were determined by nonlinear regression analysis of the 

saturation data. Kd is reported as a nM value. 

b Bmax is reported as pmol/ing of protein. 
c nH was determined from Hill plots of the saturation data. 

d Mean +. S. D. from at least three separate experiments. 
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Figure 7. Representative [3H]Ro5-4864 saturation isotherm for rat 

kidney mitochondrial and microsomal membranes. Membranes from 

each fraction were incubated for 3 hours at 4°C with different concentrations 

of radioligand. Nonspecific binding was determined in the presence of 1 jiM 

Ro5-4864. Scatchard analysis (insets) of the saturation data was used to 

determine Kd and Bmax for both fractions (Table 6). 
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Figure 8. Representative t^H]PK1119S saturation isotherm for rat 

kidney mitochondrial and microsomal membranes. Membranes from 

each fraction were incubated for 30 minutes at room temperature with 

different concentrations of radioligand. Nonspecific binding was determined 

in the presence of 1 jiM PK11195. Scatchard analysis (inseis) of the saturation 

data was used to determine Kd and Bmax for both fractions (Table 6). 
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Figure 9. Distribution of Specific [3H]Ro5-4864 and [3H]PK11195 

binding sites in rat kidney subcellular fractions. Microsomal and 

mitochondrial fractions from liver homogenates were obtained by differential 

centrifugation as described in "Methods". SDH activity (empty bar) indicated 

the presence of mitochondria. The total radioligand binding site densities for 

[3H]Ro5-4864 (left diagonally hatched bar) and [3H]PK11195 (crosshatched 

box) were determined by nonlinear regression analyses of saturation 

isotherms (Table 6). All activities were expressed as a percentage of the total 

activity of both fractions. The values for radioligand binding are the means 

from three separate experiment run in triplicate. SDH activity is a average 

value of 7 separate fractions. An asterisk (*) indicates a significant difference 

(P < 0.05) in the percentage of radioligand binding from the percentage of SDH 

activity in a fraction. Each bar and error bar indicates the mean ±. S. D. from at 

least three separate determinations. 
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Sucrose Density Gradient Assay 

The distribution of [3H]PK11195 binding sites and the distribution of 

mitochondrial membranes after separation from subcellular structures by 

differential centrifugation was observed. The results show a significantly 

higher density of PBR sites in the microsomal membranes than can be 

accountcd for by mitochondrial contamination as indicated by the marker 

enzyme, SDH. The percentage of the total [3H]PK11195 binding activity was 

significantly less than that of SDH activity in the mitochondrial fraction 

further suggesting that the two activities are not coincident. The association of 

the PBR with membranes of different buoyant densities was investigated by 

fractionation of the microsomal membrane through a continuous density 

gradient as described in the "Method" section. Protein content, specific 

binding of 1 nM [3H]PK11195 and SDH activity were determined for each 1 ml 

fraction of the gradient. All assays were performed in the linear range of 

protein and sucrose had no detectable effects on these assays. The results from 

three tissues follow. 

(1) Liver 

The PBR, detected by specific [3H]PK11195 binding, did not parallel SDH 

activity, and the peak specific radioligand binding activity (Fraction 16) did 

not coincide with the peak of SDH activity (Fraction 15). However, both 

detectable SDH activity and [3H]PK11195 specific binding activity correlated 

with protein concentration. The correlation between the specific [3H]PK11195 

binding and the SDH activity was only 0.66, but the correlation between the 

specific [3H]PK11195 binding and protein concentration was 0.90. These results 
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demonstrated that the distribution of the mitochondria was not coincident with 

the distribution of the PBR sites.This strongly suggests that there were PBR 

sites associated with the microsomal fraction which were independent of 

mitochondria (Figure 10). 

(2) Heart 

The heart microsomal fraction from differential centrifugation was put 

on the same gradient as previously mentioned. The same method was used to 

detect the protein content, specific [3H]PK11195 binding and SDH activity. The 

distribution of protein content, specific [^H]PK11195 binding and SDH activity 

through the typical gradient are shown in Figure 6. The PBR, detected by 

specific [3H]PK11195 binding, did not parallel SDH activity. The peak of 

specific [3H]PK11195 binding (Fraction 15) was not coincident with the peak 

SDH activity (Fraction 12). Unlike the liver, there was no correlation between 

either PK11195 binding and protein content or SDH activity and protein 

content. These results suggest that the PBR sites in the heart microsomal 

fraction were not associated with the mitochondrial membrane (Figure 11). 

(3) Kidney 

The same type of experiment was performed on the kidney microsomal 

fraction. A similar result as found in heart microsomal fraction was found in 

the kidney microsomal fraction. The peak of specific [3H]PK11195 binding 

(Fraction 19) was not coincidcnt with the peak of SDH activity (Fraction 8). The 

variability of SDH results was caused by low SDH activity in microsomal 
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Figure 10. Representative fractionation of rat liver microsomal 

membranes through a continuous density gradient. Fresh 2.5 ml 

microsomal fraction (lOmg/ml) from differential centrifigation preparation 

were layered on the top of a sucrose gradient (0.88 M - 1.88M), and centrifuged 

at 25,000 x.g. for 12 hours at 4°C. 1 ml continuous gradient were removed from 

the bottom of the gradient and assayed for protein content, PK11195 binding 

activity and SDH activity. Values are expressed as a percentage of the highest 

value obtained protein concentrations (empty bar) were determined by the 

meihod of Lowry et al. (1951) and the highest concentration of 6.5 mg occurred 

in fraction 14. Specific binding of [^H]PK11195 (left diagonal hatch, 100% = 

22,000 DPM, fraction 16) and SDH activity (filled box, 100% = 0.20 A.U., fraction 

15) were determined for each fraction. 
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Figure 11. Representative fractionation of rat heart microsomal 

membranes through a continuous density gradient. Fresh 2.5 ml 

microsomal fraction (5 mg/ml) from differential centrifigation preparation 

were layered on the top of a sucrose gradient (0.58 M - 1.58M), and centrifuged 

at 25,000 x.g. for 12 hours al 4°C. 1 ml continuous gradient were removed from 

the bottom of the gradient and assayed for protein content, PK11195 binding 

activity and SDH activity. Values are expressed as a percentage of the highest 

value obtained protein concentrations (left diagonal hatch) were determined 

by the method of Lowry et al. (1951) and the highest concentration of 1.16 mg 

occurred in fraction 9. Specific binding of l^H]PK11195 (filled box, 100% = 

37,000 DPM, fraction 19) and SDH activity (empty bar, 100% = 0.025 A.U., 

fraction 8) were determined for each fraction. 
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fraction. The correlation of specific [3H]PK11195 binding and protein conlcnl 

was 0.9, but there was no correlation between the SDH activity and protein 

content. These results suggest that the PBR sites in the kidney microsomal 

fraction were not associated with mitochondria] membranes (Figure 12). 

Part II. Characterization of Mitochondrial and Non-mitochondrial PBR 

Sites by Porphyrins in Rat Liver, Heart and Kidney 

Inhibition of Specific T3H1Ro5-4864 Binding bv Porphyrins 

In order to determine whether PBR in mitochondrial and microsomal 

fractions from differential centrifugation have common PBR binding 

characteristics, the ability of various ligands to compete for specific pHJRoS-

4864 binding was performed in both mitochondrial and microsomal fractions 

from liver. Five common ligands, Ro5-4864, PK11I95, diazepam, clona/.cpam 

and carbarmazcpam were used in assays. The rank order of inhibitory affinity 

of these ligands to both fractions were the same: PK11195 > Ro5-4864 > Diazepam 

> Carbamazepine > Clonazepam. This rank order is comparable to that reported 

for PBR, indicating that the receptors in both mitochondrial and microsomal 

fractions are of to the peripheral type. Similar experiments were performed in 

heart and kidney and the results were not significantly different (data noi 

shown). 

The ability of porphyrins to compete for specific [3H]Ro5-4864 binding 

was determined in both mitochondrial and microsomal fractions of liver, heart 

and kidney. Protoporphyrin IX (PPIX), deuteroporphyrin IX (DPIX), 

mesoporphyrin IX (MPIX) and hemin were the four porphyrins used in the 
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Figure 12. Representative fractionation of rat kidney microsomal 

membranes through a continuous density gradient. Fresh 2.5 ml 

microsomal fraction (5 mg/ml) from differential centrifigation preparation 

were layered on the top of a sucrose gradient (0.58 M - 1.58M), and centrifuged 

at 25,000 x.g. for 12 hours at 4°C, 1 ml continuous gradient were removed from 

the bottom of the gradient and assayed for protein content, PK11195 binding 

activity and SDH activity. Values are expressed as a percentage of the highest 

value obtained protein concentrations (left diagonally hatched bar) were 

determined by the method of Lowry et al. (1951) and the highest concentration 

of 1.78 mg occurred in fraction 22. Specific binding of [3H]PK11195 (filled box, 

100% = 20,000 DPM, fraction 15) and SDH activity (empty bar, 100% = 0.021 A.U., 

fraction 12) were determined for each fraction. 
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experiments. All the IC50's are calculated by non-linear regression 

(PCNONLIN) program and Ki's was estimated from IC50 data by the Cheng and 

Prussoff equation (1973), 

(1) Liver 

Table 7 shows the estimated inhibitory affinity constant (Ki) of PPIX, 

DPIX, MPIX and hemin to compete for specific [^H]Ro5-4864 binding in rat 

liver. A significant difference was observed in the apparent Ki for PPIX 

inhibition of specific [^H]Ro5-4864 binding in mitochondrial and microsomal 

fractions. However, there was no difference in the inhibitory potency of DPIX, 

MPIX or hemin in either subcellular fraction. PPIX had a 6.2-fold greater 

affinity for the PBR in the mitochondrial fraction as compared to the 

microsomal fraction. On the other hand, the structurally related porphyrin, 

DPIX showed no difference in inhibitory affinity in either fraction. Similarly, 

there was no significant difference in the Ki calculated for hemin and MPIX 

in mitochondrial and microsomal fractions (Figure 13,14, Table 7). 

(2) Heart 

The inhibitory 4 affinity of PPIX, DPIX, MPIX and hemin to compcte for 

specific [3H]RO5-4864 binding was determined in both mitochondrial and 

microsomal fractions of rat heart. The estimated Ki values are shown in Table 

8. The result indicate that porphyrins had higher affinities in the microsomal 

fraction as - compared to the mitochondrial fraction with the exception of 

hemin. Hemin was the only porphyrin with higher affinity for the 

mitochondrial fraction. The ratio of inhibitory affinities of these ligands in 
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Figure 13. Inhibition of specific [3H]Ro5-4864 binding by PPIX, 

DPIX, MPIX and Hemin in rat liver mitochondrial fractions. The 

ability of PPIX (open circle), DPIX (filled circle), MPIX (open triangle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [3H]Ro5-4864 

to mitochondrial membranes was determined. Nonspecific binding was 

estimated in the presence of 1 fiM Ro5-4864. Maximum specific binding was 

determined by adding water instead of drug. Concentration of competing 

ligands were 3 -10,000 nM (PPIX). 10-3000 nM (DPIX and Hemin) and 30 - 10,000 

nM (MPIX). Representative data from competition analysis from separate 

experiments run in triplicate. IC50 values were calculated by nonlinear 

regression analysis and Ki values were determined from IC50 by Cheng and 

Prusoff equation (1973) (Table 7). 
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Figure 14. Inhibition of specific [3II]Ro5-4864 binding by PPIX, 

DPIX, MPIX and Hemin in rat liver microsomal fractions. The ability 

of PPIX (open circle), DPIX (filled circle), MPIX (open triangle) and Hemin 

(filled triangle) to inhibit the specific binding of 1.1 nM [^H]Ro5-4864 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 jl M Ro5-4864. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 3 -

10,000 nM (PPIX), 10-3000 nM (DPIX and Hemin) and 30 - 10,000 nM (MPIX). 

Representative data from competition analysis from separate experiments run 

in triplicate. IC50 values were calculated by nonlinear regression analysis and 

Ki values were determined from IC50 by Cheng and Prusoff equation (1973) 

(Table 7). 
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Table 7. Inhibition of specific [3H]Ro5-4864 binding by porphyrins 
to rat liver mitochondrial and microsomal fractions. 

Ligand Kimta Kimcb Kimc/Kimtc 

PPIX 130 ± 56d 804 ± 117 6.2 

DPIX 239 + 41 412 +3 2 1.7 

MPIX 705 + 94 920 ± 89 1.3 

Hemin 478 + 21 613 ± 73 1.3 

a Kimt apparent Ki in mitochondrial fraction. 

b Kimc apparent Ki in microsomal fraction, 

c Kimc/Kimt ratio of apparent Ki in microsomal and mitochondrial fractions. 

d Apparent Ki are expressed as nM concentration and calculated using the 

Cheng and Prusoff (1973) correction of the IC50 determined using 0.9 - 1.1 nM 

[3H]RO5-4864. Estimated Kd for both fractions were obtained from Table 2. Each 

means +_ S. D. represents three experiments. 
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Figure 15. Inhibition of specific [^H]Ro5-4864 binding by PPIX, 

DPIX, MPIX and Hemin in rat heart mitochondrial fractions. The 

ability of PPIX (filled circle), DPIX (open circle), MPIX (open triangle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [^H]Ro5-4864 

to mitochondrial membranes was determined. Nonspecific binding was 

estimated in the presence of 1 M Ro5-4864. Maximum specific binding was 

determined by adding water instead of drug. Concentration of competing 

ligands were 3 -1000 nM (DPIX), 10-3000 nM (PPIX and MPIX) and 100 - 3000 nM 

(Hemin). Representative data from competition analysis from separate 

experiments run in triplicate. IC50 values were calculated by nonlinear 

regression analysis and Ki values were determined from IC50 by Cheng and 

Prusoff (1973) equation (Table 8). 
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Figure 16. Inhibition of specific [3H]Ro5-4864 binding by PPIX, 

DPIX, MPIX and Hemin in rat heart microsomal fractions. The ability 

of PPIX (filled circle), DPIX (open circle), MPIX (open triangle) and Hemin 

(filled triangle) to inhibit the specific binding of 1.1 nM [3H]Ro5-4864 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 M Ro5-4864. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 3 -

1000 nM (DPIX). 10-3000 nM (PPIX and MPIX) and 100 - 3000 nM (Hemin). 

Representative data from competition analysis from separate experiments run 

in triplicate. IC50 values were calculated by nonlinear regression analysis and 

Ki values were determined from IC50 by Cheng and Prusoff equation (1973) 

(Table 8). 
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Table 8. Inhibition of specific [^H]Ro5-4864 binding by porphyrins 

to rat heart mitochondrial and microsomal fractions. 

Ligand Kimta Kimcb Kimc/Kimtc 

PPIX 103.81 ±481 67.59 ± 14 0.65 

DPIX 69.12 ± 5.0 47.96 ± 5.0 0.58 

MPIX 445.13 ± 60 264.13 ± 40 0.69 

Hemin 1271.43 ± 325 2090.01 ± 155 1.64 

a Kimt apparent Ki in mitochondrial fraction. 

b Kimc apparent Ki in microsomal fraction. 

c Kimc/Kimt ratio of apparent Ki in microsomal and mitochondrial fractions. 

d Apparent Ki are expressed as nM concentration and calculated using the 

Cheng and Prusoff (1973) correction of the IC50 determined using 0.9 - 1.1 nM 

[3H]Ro5-4864. Estimated Kd for both fractions were obtained from Table 3. Each 

means + S. D. represents three experiments. 
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the microsomal fraction versus the mitochondrial fraction ranged from 0.65 to 

1.64. No significant difference in the affinity of these ligands for [3H]Ro5-4864 

binding sites in either subcellular fraction was found. The rank order of 

affinities to inhibit specific !3H]Ro5-4864 binding was DPIX > PPIX > MPIX > 

Hemin, for both mitochondrial and microsomal fractions (Figure 15,16, Tabic 

8) .  

(3) Kidney 

The ability of the four porphyrins to compete for specific [3H]Ro5-4864 

binding was assessed in both mitochondrial and microsomal fractions for 

kidney. The estimated Ki is shown in Table 9. The result indicates hemin had 3 

times greater affinity to the mitochondrial fraction than to the microsomal 

fraction, whereas DPIX, PPIX and MPIX had the same affinity to both fractions. 

The rank order of potency to inhibit specific [3H]Ro5-4864 binding was DPIX > 

PPIX >MPIX > Hemin in both fractions (Figure 17,18, Table 9). 

Inhibition of Specific f3HlPK11195 Binding bv Porphyrins 

PK11195 has been reported as a antagonist for PBR. Whether the Ro5-

4864 sites and PK11195 sites were identical was still unknown. The ability to 

inhibit specific [3H]PK11195 binding by PPIX, MPIX, DPIX and hemin were 

assayed for both mitochondrial and microsomal fractions of liver, heart and 

kidney. The IC50 was calculated by non-linear regression, and the Ki was 

estimated from IC50 by Cheng and Prussoff (1973) equation. 



6 8  

cn 
c 

"D 
C 

E 
3 
E 
X 
o 
E 

H— 
o 

100-

80*-

6 0 - -

40--

20-

0 - -

1 
h—»—i i i II I [  1—i i i 11II |  1—i- i i i ml 1—i ••••i i ml 

10 100 1000 
[inhibitor] (nM) 

1E4 

Figure 17. Inhibition of specific [3H]Ro5-4864 binding by PPIX, 

DPIX, MPIX and Hemin in rat kidney mitochondrial fractions. The 
ability of PPIX (filled circle), DPIX (open circle), MPIX (open triangle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [3H]Ro5-4864 

to mitochondrial membranes was determined. Nonspecific binding was 

estimated in the presence of I fi M Ro5-4864. Maximum specific binding was 

determined by adding water instead of drug. Concentration of competing 

ligands were 3 -1000 nM (DPIX), 10-3000 nM (PPIX and MPIX) and 100 - 3000 nM 

(Hemin). Representative data from competition analysis from separate 

experiments run in triplicate. IC50 values were calculated by nonlinear 

regression analysis and Ki values were determined from IC50 by Cheng and 

Prusoff equation (1973) (Table 9). 
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Figure 18. Inhibition of specific [3H]Ro5-4864 binding by PPIX, 

DPIX, MPIX and Hemin in rat kidney microsomal fractions. The 

ability of PPIX (filled circle), DPIX (open circle), MPIX (open triangle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [3H]Ro5-4864 

to mitochondrial membranes was determined. Nonspecific binding was 

estimated in the presence of 1 jiM Ro5-4864. Maximum specific binding was 

determined by adding water instead of drug. Concentration of competing 

ligands were 3 -1000 nM (DPIX), 10-3000 nM (PPIX and MPIX) and 100 - 3000 nM 

(Hemin). Representative data from competition analysis from separate 

experiments run in triplicate. IC50 values were calculated by nonlinear 

regression analysis and Ki values were determined from IC50 by Cheng and 

Prusoff equation (1973) (Table 9). 
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Table 9. Inhibition of specific [^H]Ro5-4864 binding by porphyrins 
to rat kidney mitochondrial and microsomal fractions. 

Ligand Kimta Kimc'1 Kimc/Kimtc 

PPIX 188.15 ± 25d 100.97 ± 29 0.54 

DPIX 53.47 ± 12 51.99 ± 12 0.76 

MPIX 537.80 ± 110 410.27 ± 90 0.97 

Hemin 733.81 ± 93 2286.89 ± 120 3.13 

a Kimt apparent Ki in mitochondrial fraction. 

b Kimc apparent Ki in microsomal fraction. 

c Kimc/Kimt ratio of apparent Ki in microsomal and mitochondrial fractions, 

d Apparent Ki are expressed as nM concentration and calculated using the 

Cheng and Prusoff (1973) correction of the IC50 determined using 0.9 - 1.1 nM 

[3H]RO5-4864. Estimated Kd for both fractions were obtained from Table 4. Each 

means +. S. D. represents three experiments. 
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Figure 19. Inhibition of specific [3H]PK11195 binding by PPIX, 

DPIX, MP1X and Hemin in rat liver mitochondrial fractions. The 

ability of PPIX (open circle), DPIX (filled circle), MPIX (open triangle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [3H]PK1I195 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 fiM PK11195. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 10 -

3000 nM (DPIX and Hemin), 30-10,000 nM (MPIX) and 30 - 3000 nM (PPIX). 

Representative data from competition analysis from separate experiments run 

in triplicate. IC50 values were calculated by nonlinear regression analysis and 

Ki values were determined from IC50 by Cheng and Prusoff equation (1973) 

(Table 10). 
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Figure 20. Inhibition of specific [3H]PK11195 binding by PPIX, 

DPIX, MPIX and Hemin in rat liver microsomal fractions. The ability 

of PPIX (open circle), DPIX (filled circle), MPIX (open triangle) and Hemin 

(filled triangle) to inhibit the specific binding of 1.1 nM [3H]PK11195 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 jiM PK11195. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 10 -

3000 nM (DPIX) and 30-10,000 nM (MPIX, PPIX and Hemin). Representative data 

from competition analysis from separate experiments run in triplicate. IC5 0 

values were calculated by nonlinear regression analysis and Ki values were 

determined from IC50 by Cheng and Prusoff equation (1973) (Table 10). 
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Table 10. Inhibition of specific [3H]PK11195 binding to rat liver 

mitochondrial and microsomal fractions. 

Ligand Kimta Kimc'5 Kimc/Kimlc 

PPIX 385.35 + 97d 914.01 +_ 136 2.4 

DPIX 260.30 ± 18 418.12 + 14 1.6 

MPIX 124.17 + 9.0 546.06 + 112 4.4 

Hemin 116.52 + 12 641.61 ± 112 5.5 

a Kimt apparent Ki in mitochondrial fraction. 

b Kimc apparent Ki in microsomal fraction. 

c Kimc/Kimt ratio of apparent Ki in microsomal and mitochondrial fractions, 

d Apparent Ki are expressed as nM concentration and calculated using the 

Cheng and Prusoff (1973) correction of the IC50 determined using 0.9 - 1.1 nM 

[3H]PK11195. Estimated Kd for both fractions were obtained from Table 2. Each 

means + S. D. represents three experiments. 
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(1) Liver 

The ability of the four porphyrin ligands to compcte for specific 

[3H]PK11195 binding had been performed in both mitochondrial and 

microsomal fractions of liver. All the porphyrins examined had greater 

affinity for the mitochondrial PBR than to the microsomal PBR. Hemin and 

MPIX had a 4-5-fold greater affinity for the mitochondrial PBR than to the 

microsomal PBR. DPIX and PPIX had a 2-fold greater affinity for ilic 

mitochondrial PBR than to the microsomal PBR. All four porphyrins had 

similar affinities for both mitochondrial and microsomal fractions (Figure 

19,20, Table 10). 

(2) Heart 

In contrast with liver fractions, all four porphyrins had greater 

affinities for the PBR in the microsomal fraction than for the PBR in the 

mitochondrial fraction in heart. DPIX had almost a 5 times greater affinity to 

the microsomal than to the mitochondrial fraction, while MPIX had 3 times and 

PPIX had 2 times higher affinity for the microsomal PBR than for tlie 

mitochondrial PBR. However, hemin possessed similar affinity to the PBR in 

both fractions. The rank order of affinity to compete for specific [3H]PK11195 

binding was DPIX = MPIX > Hemin > PPIX in both mitochondrial and microsomal 

fractions (Figure 21,22, Table 11). 

(3) Kidney 

The identical experiments were completed in kidney mitochondrial and 

microsomal fraction, too. The results were similar to those found in heart. The 
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Figure 21. Inhibition of specific [3H]PK11195 binding by PPIX, 

DPIX, MPIX and Hemin in rat heart mitochondrial fractions. The 

ability of PPIX (open circle), DPIX (open triangle), MPIX (filled cirle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [3H]PK11195 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 ji M PK11195. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 10 -

3000 nM (DPIX, MPIX and PPIX) and 30-10,000 nM (Hemin). Representative data 

from competition analysis from separate experiments run in triplicate. IC5 0 

values were calculated by nonlinear regression analysis and Ki values were 

determined from IC50 by. Cheng and Prusoff equation (1973) (Table II). 
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Figure 22. Inhibition of specific [^H]PK1119S binding by PPIX, 

DPIX, MPIX and Hemin in rat heart microsomal fractions. The ability 

of PPIX (open circle), DPIX (open triangle), MPIX (filled cirle) and Hemin 

(filled triangle) to inhibit the specific binding of 1.1 nM [3HJPK11195 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 )iM PK11195. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 10 -

3000 nM (DPIX, MPIX and PPIX) and 30-10,000 nM (Hemin). Representative data 

from competition analysis from separate experiments run in triplicate. IC5 0 

values were calculated by nonlinear regression analysis and Ki values were 

determined from IC50 by Cheng and Prusoff equation (1973) (Table 11). 
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Table 11. Inhibition of specific [^H]PK11195 binding by porphyrins 

to rat heart mitochondrial and microsomal fractions. 

Ligand Kimta Kimc'3 Kimc/Kimtc 

PPIX 353.08 ± 93d 141.03 + 19 0.40 

DPIX 145.37 ± 13 30.38 ± 4.0 0.34 

MPIX 126.01 + 41 43.30 ± 19 0.21 

Hemin 217.13 + 67 123.56 + 22 0.57 

a Kimt apparent Ki in mitochondrial fraction. 

b Kimc apparent Ki in microsomal fraction. 

c Kimc/Kimt ratio of apparent Ki in microsomal and mitochondrial fractions, 

d Apparent Ki arc expressed as nM concentration and calculated using the 

Cheng and Prusoff (1973) correction of the IC50 determined using 0.9 - 1.1 nM 

[3H]PK11195. Estimated Kd for both fractions were obtained from Table 3. Each 

means + S. D. represents three experiments. 
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data indicate that all four porphyrins had greater affinity for PBR in the 

microsomal fraction than for PBR in the mitochondrial fraction. PPIX and DPIX 

had a 9-fold greater affinity to the mitochondrial fraction than to the 

microsomal fraction, while Hemin had the same affinity to the both fractions. 

MPIX had about a 3-fold greater affinity to the mitochondrial fraction than to 

the microsomal fraction. The rank order of affinities in competing for specific 

[3H]PK11195 binding was MPIX > Hemin =DPIX > PPIX for the mitochondrial 

fraction and DPIX > MPIX > Hemin = PPIX for the microsomal fraction (Figure 

23.24, Table 12). 

This study demonstrates that porphyrins have similar affinities for sites 

labeled by [3H]Ro5-4864 in mitochondrial and microsomal fractions, but 

different affinities for sites labeled by [3H]PK11195 in the above two fractions. 

The difference in porphyrin binding characteristics suggests that PBR sites in 

the mitochondrial fraction and the microsomal fraction arc different. The 

different characteristics for [3H]Ro5-4864 and [3H]PK11195 binding suggest 

that the Ro5-4864 binding sites and PK11195 binding sites are not identical. 
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Figure 23. Inhibition of specific [3H]PK11I95 binding by PPIX, 

DPIX, MPIX and Hemin in rat kidney mitochondrial fractions. The 

ability of PPIX (open circle), DPIX (open triangle), MPIX (filled cirle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [^H]PK11195 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 jiM PK11195. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 10 -

3000 nM (DPIX, MPIX and PPIX) and 30-10,000 nM (Hemin). Representative data 

from competition, analysis from separate experiments run in triplicate. IC5 0 

values were calculated by nonlinear regression analysis and Ki values were 

determined from IC50 by Cheng and Prusoff equation (1973) (Table 12). 
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Figure 24. Inhibition of specific [3H]PK1I195 binding by PPIX, 

DPIX, MPIX and Hemin in rat kidney microsomal fractions. The 

ability of PPIX (opeh circle), DPIX (open triangle), MPIX (filled cirle) and 

Hemin (filled triangle) to inhibit the specific binding of 1.1 nM [3HJPK11195 to 

mitochondrial membranes was determined. Nonspecific binding was estimated 

in the presence of 1 jiM PK11195. Maximum specific binding was determined 

by adding water instead of drug. Concentration of competing ligands were 10 -

3000 nM (DPIX, MPIX and PPIX) and 30-3000 nM (Hemin). Representative data 

from competition analysis from separate experiments run in triplicate. IC5 0 

values were calculated by nonlinear regression analysis and Ki values were 

determined from IC50 by Cheng and Prusoff equation (1973) (Table 12). 
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Table 12. Inhibition of specific [^H]PK11195 binding by porphyrins 

to rat kidney mitochondrial and microsomal fractions. 

Ligand Kimta Kimc^ Kimc/Kimtc 

PPIX 1436.13 ± 27d 159.03 ± 22 0 . 1 1  

DPIX 206.66 ± 41 21.38 ± 2.5 0 . 1 0  

MPIX 150.82 ± 14 52.35 ± 16 0 . 3 5  

H e m i n  193.30 ± 44 152.60 ± 32 0 . 7 9  

a Kimt apparent Ki in mitochondrial fraction. 

b Kimc apparent Ki in microsomal fraction. 

c Kimc/Kimt ratio of apparent Ki in microsomal and mitochondrial fractions. 

d Apparent Ki are expressed as nM concentration and calculated using the 

Cheng and Prusoff (1973) correction of the IC50 determined using 0.9 - 1.1 nM 

[3H]PK11195. Estimated Kd for both fractions were obtained fromTtable 4. Each 

means + S. D. represents three experiments. 
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CHAPTER 4 

DISCUSSION 

Study of Subcellular localization 

Saturation data suggest there are more [3H]PK11195 binding sites than 

[3H]Ro5-4864 binding sites in each fraction, especially in each microsomal 

fraction. The affinity of PBR for both [3H]Ro5-4864 and [3H]PK 11195 arc 

similar in all fractions but the density of sites labeled by each ligand is greater 

in the mitochondrial fractions from all tissues. Hill analyses suggests that only 

one receptor population is present in each fraction. 

PBR binding sites are known to be primarily associated will) 

mitochondrial membranes (Antkiewicz-Michaluk et al., 1988). Recently, other 

workers suggested that not all of the PBR sites are associated with the 

mitochondrial membranes. For example, PBR sites on rodent heart sarcolcmma 

have been well characterized (Dole et al., 1987) and the nuclear PBR sites have 

been described in the rat lung (Mukhcrjce and Das, 1989). In addition, PBR 

sites in rat liver plasma membranes have been reported by O'Bicrnc and 

Williams (1990). Thus, even though the highest density of PBR sites are found 

in the mitochondria in most tissues, a growing body of evidence suggests these 

receptors are present on other subcellular organelles. 

In the present study, the subcellular distribution of PBR in 

mitochondrial and microsomal membranes are examined in three different 
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tissues and compared with the distribution of the mitochondrial marker 

enzyme SDH. Mitochondrial and microsomal membranes were prepared by 

differential ccntrifigation in each tissue. The mitochondrial contamination of 

the microsomal membrane fraction was estimated by measuring SDH activity, 

an inner mitochondrial membrane enzyme. A close correlation between ilic 

[3H]PK11195 binding sites and the activity of SDH has been found in sonic 

tissues (Hirsch ct al., 1988). However, our studies did not find such a 

correlation between the PBR labeled by [3H]PK11195 and SDH activity in the 

rat liver, heart and kidney. 

To investigate the subcellular distribution of PBR, saturation isotherms 

were conducted for each fraction (see Figure 1, 2, 4, 5, 7, 8, Table 4, 5, 6). Tlie 

results suggest that there arc significantly more PBR sites present in the 

microsomal fractions than could be accounted for by contamination of ihe 

microsomal fraction with mitochondrial membranes. For example, the 

microsomal fraction from the liver had approximately 7% of the loial SDH 

activity but retained 20% of the total binding sites labeled by [3H]Ro5-4864 and 

26% of the total binding sites labeled by [-^HJPK11195 (see Figure 3). In the 

heart, the microsomal fraction had about 10% of the total SDH activity but 

retained 20% of the total [3H]Ro5-4864 binding sites and 35% of the total 

[3H]PK11195 binding sites (see Figure 6). Approximately 5% of the total SDH 

activity, 10% of the total [3H]Ro5-4864 binding sites and 15% of the total 

[3H]PK11195 binding sites were found in the kidney microsomal membrane 

(see Figure 9). Statistical analyses were done to compare the SDH activity and 

PBR sites in all microsomal fractions. The results suggest that significantly (p < 

0.05) more PBR sites were present than could be accounted for by 
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mitochondrial contamination as shown by SDH activity. In addition, ilic 

distribution of sites labeled by [3H]Ro5-4864 and [3H]PK11195 arc correlated. 

To provide additional support for a non-mitochondrial PBR siic, 

microsomal membranes obtained by differential centrifugation were further 

separated on a continuous sucrose density gradient. Results from sucrose 

density gradient experiments in the three tissues demonstrated that there was 

no correlation between the PBR sites labeled by [3H]PK11195 and SDH activity 

in the microsomal fractions. Most of the PBR sites labeled by [3H]PK11195 were 

found in the light microsomal fraction (see Figure 10, 11, 12). A previous 

report suggested an association of PBR sites with 5-nucleotidase enzyme 

activity, a marker enzyme for plasma membranes (O'Bierne and Williams. 

1986). Because plasma membranes are a component of the light microsomal 

fraction, our results arc in agreement with this report. 

Porphyrins: Putative Endogenous Ligand 

Several putative endogenous ligands of PBR have been suggcsicd, such 

as endozcpinc (Guido'tti ct al., 1983; Marquardt ct al., 1986) and porphyrins 

(Vcrma et al., 1988). The possibility that porphyrins arc the endogenous ligand 

for the mitochondrial PBR is supported by the biosysthesis processes for 

porphyrins. The initial and final steps in porphyrin biosynthesis take placc 

within the mitochondria so that porphyrin precursors must be transported 

across the outer mitochondrial membrane. In a similar manner, the 

biosynthctic porphyrin products must be transported out of the mitochondria 

for cellular use. Several enzymes require cytochrome cofactors and prosthetic 

groups which contain porphyrins (Anholt ct al., 1986). Some of these enzyme 
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cofactors arc required in the synthesis of steroids. This association is 

supported by the observation that steroidogenic tissues have the highest 

density of PBR sites (Anholt ct al., 1985). 

Therefore, porphyrins were evaluated for their ability to compete with 

[3H]RO5-4864 and [3H]PK11195 for binding sites in mitochondrial and 

microsomal membranes from the liver, heart and kidney. 

Porphyrin Competition Studies: f3H!Ro5-4864 

Competition of PPIX, DPIX, MPIX and hemin, structurally related 

porphyrins, for specific [3H]Ro5-4864 binding was assessed in mitochondrial 

membranes from the liver, heart and kidney. These porphyrins have a similar 

rank order of affinities for the PBR sites labeled by [3H]Ro5~4864 in ilic 

mitochondrial membranes from the heart and kidney. However, the rank 

order of competitive potency was different in liver mitochondrial membranes. 

For example, hemin showed a 2-fold greater affinity for liver mitochondrial 

PBR than for heart or kidney mitochondrial PBR. On the other hand, DPIX had 

a 4-fold lower affinity for the liver mitochondrial fraction compared to hcari 

and kidney mitochondrial fractions. The rank order of inhibitory potency for 

heart and kidney mitochondria was DPIX > PPIX > MPIX > Hemin, while the rank 

order of inhibitory potency for liver mitochondria was PPIX > DPIX > Hemin 

>MPIX. (see Figure 13,15,17) 

The same porphyrin competition experiments were done on the 

microsomal fraction of all three tissues. Similar results to the mitochondrial 

membranes were found. The porphyrins had the same rank order of 
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inhibitory potency for PBR sites labeled by [3H]Ro5-4864 in microsomal 

membranes from heart and kidney but the rank order is different in the liver 

microsomal membrane. For example, PPIX and DPIX showed an 8-fold lower 

affinity for the liver microsomal fraction than either the heart or kidney 

microsomal membranes. The rank order of potcncy was DPIX > PPIX > MP1X > 

Hemin in the heart and kidney. However in the liver, the potency was DPIX > 

Hemin > PPIX > MPIX (see Figure 14,16,18). 

DPIX, MPIX and hemin showed the same inhibitory potency against 

specific [3H]Ro5-4864 binding to PBR sites in both mitochondrial and 

microsomal fractions of the liver. In contract, PPIX was able to distinguish PBR 

sites labeled by [3H]Ro5-4864 between the mitochondrial and microsomal 

fractions of the liver. PPIX has an 8-fold greater inhibitory potency against 

specific [3H]Ro5-4864 binding in liver mitochondria as compared to the liver 

microsome (see Table 7). Such a difference in rank order of potency for 

inhibition of specific [3H]Ro5-4864 binding has not been reported before. 

There arc two major finding in our studies which are inconsistent with 

the observation of Vcrma et al. (1988). First, most of porphyrins had affinity in 

the range rather than the nM range observed by Vcrma et al. (1988). 

However, our data are consistent with the report of Hirsch et al. (1989). Second, 

porphyrins shown different affinities in each fraction across the liver, heart 

and kidney rather than the same affinity in all tissues reported by Vcrma et 

al.(1988). Furthermore, the ability of PPIX to distinguish between lite 

mitochondrial and microsomal PBR sites has not been reported previously. In 
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addition, this pharmacological difference between mitochondrial and 

microsomal PBR sites suggests they arc unique sites. 

Porphyrin Competition Studies: r3H1PKI1195 

Evaluation of the ability of porphyrins to compete for specific 

[3HJPK11195 binding in mitochondrial fractions of liver, heart and kidney 

indicated that the porphyrins had similar affinities (ji M) in each fraction in 

the three tissues with exception of PPIX. PPIX had a 4-fold lower affinity (1.4 

mM) for the [3H]PK11195 labeled sites in the kidney mitochondrial fraction as 

compared to the other tissues (see Table 12). 

Competition for specific [3H]PK11195 binding in microsomal fractions of 

the liver, heart and kidney showed all porphyrins had greater affinity for the 

heart and kidney microsomal membranes than for those of the liver. Both DPIX 

and MPIX had a 10-fold greater affinity for microsomal membranes from the 

heart and kidney than from the liver. In addition, PPIX had an 8-fold greater 

affinity and hemin had a 5-fold greater affinity for heart and kidney 

microsomal membranes. The potencies for porphyrins to compete for specific 

[3H]PK11195 binding microsomal membranes were similar for the liver, heart 

and kidney with the exception of PPIX which had a significantly lower 

affinity for kidney microsomal membrane (see Figure 20, 22, 24, Table 10, 11, 

12).  

More than one type of porphyrin could distinguish PK11195 binding 

sites in mitochondrial and microsomal fractions. For example, hemin in the 

liver had a 5-fold greater affinity for the mitochondrial PBR sites than for the 
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microsomal PBR sites. In the liver, all porphyrins had greater affinity for PBR 

on mitochondrial membrane than those on the microsomal membranc(scc 

Table 10). However, in the heart and kidney the porphyrins had lower affinity 

for PBR in the mitochondrial fraction than for the microsomal fraction. For 

example, PPIX and DPIX in the kidney have a 9-fold greater affinity for 

microsomal PBR sites than for mitochondrial PBRs, while hemin had a similar 

affinity in both fractions (see Table 12). The potencies of the porphyrins were 

scmilar within each fractions from the three tissues. 

These data show that the porphyrins have a ji M affinity for PBR sites 

labeled by [3H]PK11195 in all tissue fractions. Again, these data show 

porphyrins to have lower affinities for the PBR sites than has been reported 

by Verma ct al.(1988) but similar to the porphyrin affinities reported by 

Hirsch ct al.(1989). As we observed for [3H]Ro5-4864 binding in liver, PPIX can 

distinguish the mitochondrial and microsomal PK1I195 sites in the kidney but 

not in either the heart or liver. 

The variability of porphyrins in competing for PBR sites labeled by 

[3H]RO5-4864 and [3H]PK11195 may be due to the chemical characteristics o(" 

the porphyrin compounds. For example, porphyrins are light sensitive and 

avidly bind to a variety of items (glassware, filters etc.). Therefore, the 

binding experiments using porphyrins must be conducted under reduced light 

in sialanized tubes (SigmaCote, Sigma Co.). The limited solubility of these 

compounds presents another problem. In our binding experiment, porphyrins 

were dissolved in 100% DMSO and then diluted with water. The final DMSO 

concentration was less than 0.01% and did not affect ligand binding. Sintc 
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in sealanized tubes (SigmaCoat, Sigma Co.). The limited solubility of these 

compounds presents another problem. In our binding experiment, porphyrins 

were dissolved in 100% DMSO and then diluted with water. The final DMSO 

concentration was less than 0.01% and did not affect ligand binding. Since 

porphyrins arc very unstable, the stock solution was made immediately before 

use. All of these factors make the experiments with porphyrins very difficult 

and may have affected the outcome of previous reports. 

Porphyrins: Structure - Activity Relationship 

The present study reveals thai structurally different porphyrins had 

different affinities for the PBR found in different subcellular fractions and in 

different tissues. The structures of these four porphyrins arc shown below. 

DPIX lacks the 8,13-divinyl subsliluncnls of PPIX; MPIX has an ethyl group 

instead of divinyl substituncnt of PPIX; and hemin is identical to PPIX with a 

ferric chloride moiety bound within the tctrapyrrole ring. 

Cll. 

ClljCll.CO,!! CIIJCIIJCOJU 

Cll, 

a i] 

Cll, EN, .1 IIL'I 

1'1'IX M1>IX 

Cll 

CM, 

• 2IICI Cll, Cll, 

CI!, 

CM, 

Cll, Cll, 
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The structure-activity relationship for porphyrin interactions with the 

PBR was reported by Verma et al.(1988). These workers report that the extent 

of carboxylation markedly influences the affinity of the porphyrin for the 

PBR. The transformation of two propionyl groups to vinyl groups in the 

conversion of coproporphyrin III to protoporphyrin IX results in and 

increase of several 100-fold in potency. Another result is that metal 

substitution also influences affinity of porphyrins for PBR sites. Replacing 

the iron of hemin with zinc results in an 8-10-fold reduction in potency. 

Another structurally important feature is the vinyl group at position 2 and 4 

of PPIX which enhances the affinity for PBR. MPIX and DPIX have ethyl and 

hydrogen substitutions at positions 2 and 4. These relatively hydrophobic 

substitutions preserve affinity for the receptor, in as much as these iwo 

compounds arc one third to one half as potent as PPIX. 

Hirsch et al.(l989) showed that DPIX and MPIX had a 9- and 4-fold 

greater affinity, respectively than PPIX for both Ro5-4864 and PK11195 sites in 

the kidney mitochondrial fraction. In our studies, MPIX and DPIX had an 8-fold 

greater affinity for sites labeled by [3H]PK1I195 in the kidney mitochondrial 

membranes. These data are in agreement with Hirsch et al. (1989). On the other 

hand, MPIX had a 2-fold lower affinity than PPIX for sites labeled by [3H]Ro5-

4864 in kidney mitochondrial fraction, which agrees with Verma et al.( 1988). 

Ro 5-4864 and PK11195 Binding Sites 

Structurally-related porphyrins have different affinities for PBR sites 

labeled by [3H]Ro5-4864 PBR sites and [3H]PK11195. In li vcr mitochondrial 

membranes, DPIX has the same affinity for both [3H]Ro5-4864 and [3H]PK11195 
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sites while MPIX and hemin have greater affinity. In contrast, PP1X has a 

lower affinity for the sites labeled by [3H]PK11195 than to the sites labeled by 

[3H]Ro5-4864 sites. In liver microsomal membranes, all the porphyrins have 

the same affinity for sites labeled by either [3H]Ro5-4864 and [3H]PK11195. In 

heart mitochondrial membranes, PPIX and DPIX had similar affinities for PBR 

sites labeled by [3H]Ro5-4864 or [3H]PK11195. By comparison, MPIX and hemin 

had a 4-6-fold lower affinity for heart mitochondrial Ro5-4864 sites than Tor 

heart PK11195 sites. In heart microsomal fractions, hemin had a 17-fold lower 

affinity for. Ro5-4864 sites than for PK11195 sites. In the kidney mitochondrial 

membranes, PPIX showed a 7-fold greater affinity for the Ro5-4864 site than 

for the PK11195 sites, in contrast, PPIX has the same affinity for microsomal 

Ro5-4864 sites and PK11195 sites in the microsomal membranes. In kidney 

microsomal membranes, hemin had a 15-fold lower affinity and MPIX had an 

8-fold lower affinity for Ro5-4864 sites. By comparison, DPIX has a 4-fold 

greater affinity for mitochondrial Ro5-4864 sites and similar affinities for 

both Ro5-4864 and PK11195 sites in microsomal membranes. 

The evidence obtained in the current investigation showed (1) thai Ro5-

4864 and PK11195 labeled sites have different affinities for structurally similar 

porphyrins and (2) that there arc more PBR sites labeled by [3H]PK11195 than 

[3H]Ro5-4864 in all fractions examined. These observations suggest that the 

PBR sites labeled by [3H]Ro5-4864 and [3H]PK11195 arc not identical. 
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Conclusion 

The conclusions from the current studies are: 1) There are non-

mitochondrial PBR sites in the microsomal fraction, and that is a common 

phenomena in liver, heart and kidney. 2) The non-mitochondrial PBR can be 

distinguished by selected porphyrins. 3) Most porphyrins bind to the PBR with 

a micromolar affinity and show different affinities within a particular 

subcellular fraction. 4) [3H]Ro5-4864 and [3H]PK11195 label a different 

number of sites in tissues and have different affinities for specific 

porphyrins. These data suggest that [3H]Ro5-4864 and [3H]PK11195 do not 

labeled the same sites on the PBR. 
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