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DRUGAN, R. C., A. S. BASILE, J. N. CRAWLEY, S. M. PAUL AND P. SKOLNICK. Inescapable shock reduces 
[aH]Ro 5-4864 binding to "peripheral-type" benzodiazepine receptors in the rat. PHARMACOL BIOCHEM BEHAV 24(6) 
1673-1677, 1986.--[:~H]Ro 5-4864 binding to "peripheral-type" benzodiazepine receptors was examined in brain and periph- 
eral tissues of rats subjected to inescapable tailshocks. Two hours after a session of 80 (five-second) inescapable talishocks, 
a significant reduction in [aH]Ro 5-4864 (10 mM) binding was observed in membranes from kidney (31%), cerebral cortex 
(29%), heart (19%) and pituitary (17%) compared to tissues from naive animals. In contrast, inescapable shock did not effect 
['~H]Ro 5-4864 binding to hippocampal, lung, or adrenal membranes. Scatchard analyses of [3H]Ro 5-4864 binding to renal 
membranes demonstrated that this session of tallshock reduced the density (Bmax) of "peripheral-type" benzodiazepine 
receptors without effecting the apparent affinity (Kd) of the radioligand for these sites. The effects of graded stress on 
['~H]Ro 5-4864 binding to cerebral cortex and kidney were investigated using 5, 20, or 80 (five-second) inescapable shocks. 
In cerebral cortical membranes, sessions of either 5 or 20 shocks did not affect, while 80 shocks reduced (29%) [3H]Ro 
5-4864 (10 mM) binding. In renal membranes, 5 shocks significantly increased (35%), 80 shocks significantly decreased 
['~H]Ro 5-4864 (10mM) binding (31%). These findings demonstrate that the density of "peripheral-type" benzodiazepine 
receptors in both peripheral tissues and the central nervous system can be rapidly modulated by stress. 

"Peripheral-type" benzodiazepine receptors Ro 5-4864 PK 11195 Inescapable shock Stress 

BENZODIAZEPINE receptors in the central nervous sys- 
tem (CNS) that are coupled to both GABAA receptors and 
an associated chloride ionophore have been shown to 
mediate the principal pharmacologic actions of  the ben- 
zodiazepines [22, 28, 33]. Recent studies suggest that these 
receptors may also be important in the response to stress and 
the physiologic control of  anxiety [10, 13, 29]. A physically 
and pharmacologically distinct class of binding sites for ben- 
zodiazepines which is present in both peripheral tissues and 
the CNS has recently been shown to fulfill many of the 
criteria of a pharmacologic receptor [25, 30-31, 36]. 

Despite the unusual distribution of  these "peripheral-  
type"  benzodiazepine receptors (PBR) in the rat CNS, with 
the highest densities in the olfactory bulb and choroid plexus 
[2, 6, 24], Ro 5-4864 (4'-chlorodiazepam, the prototype 
ligand for these sites), like the "anxiogenic"  beta-carbolines, 
potentiates both shock-induced suppression of drinking and 
behavior in the social interaction test [12,27]. The 
"anxiogenic"  actions of Ro 5-4864 can be antagonized by 
PK 11195 (a high affinity ligand of these "per iphera l - type"  
benzodiazepine receptors), but not Ro 15-1788, suggesting a 
specific interaction at PBR [27].Higher doses of  PK 11195 

were also shown to counteract shock-induced suppression of 
drinking, an effect that was not reversed by Ro 15-1788 [27]. 
These observations suggest that PBR may also be involved 
in the physiological control of anxiety or  stress independent 
of the benzodiazepine receptors linking to GABAA receptors 
and an associated chloride ionophore. 

Since exposure to stressful situations involves activation 
of  peripheral tissues (e.g., endocrine, cardiac and renal or- 
gans: [4, 8, 15, 17-18, 35]) that contain relatively high densi- 
ties of PBR relative to the CNS, we examined the effects of 
exposure to a stressor (inescapable tailshock) on the equilib- 
rium parameters of ligand binding to PBR in both peripheral 
tissues and the central nervous system. 

We now report  a significant reduction in radioligand bind- 
ing to PBR in both peripheral tussues and the central nervous 
system two hours after exposure to a session of  80 (five- 
second) inescapable tailshocks. A detailed examination of  
this effect in renal membranes demonstrated a reduction in 
the maximum number of PBR, with no change in the appar- 
ent affinity of  [aH]Ro 5-4864 for these sites. The effects of 
inescapable tailshock on PBR were not manifest in every 
tissue examined, and appeared related to the intensity and 
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TABLE 1 

PBR DENSITY IN ORGANS FROM RATS RECEIVING 80 
INESCAPABLE SHOCKS 

[3H]Ro 5-4864 Binding 
(pmole/mg protein) 

Tissue 80 Shocks Naive n 

Cerebral Cortex 0.18 ± 0.02* 0.26 _+ 0.02 4 
Hippocampus 0.17 _+ 0.04 0.18 _+ 0.03 4 

Pituitary Gland 3.09 ± 0.08* 3.72 _+ 0.14 4 
Adrenal Gland 65.71 ± 2.80 58.52 _+ 2.85 4 

Lung 9.23 ± 0.53 8.25 ± 1.20 4 
Heart 4.71 ± 0.27* 5.81 ± 0.36 4 
Kidney 6.50 ± 0.86* 9.43 ± 0.89 8 

Kidney 5.49 ± 0.27* 8.21 ± 0.59 4 
([aH]PK 11195) 

The density of [3H]Ro 5-4864 and [aH]PK 11195 binding was de- 
termined using a single concentration of ligand (10 nM). 
*=Significantly different from control (naive rat) values atp <0.05 as 
determined using Student's t-test. Note significant decrease in PBR 
density in heart, kidney, pituitary and cerebral cortex, but not hip- 
pocampus, adrenals, or lung. 

duration of the stressor (i.e., the number of shocks in a ses- 
sion) in those tissues that were affected. These results 
demonstrate specific, stress-induced alterations in the den- 
sity of PBR in both peripheral tissues and the CNS. 

METHOD 

Behavioral Procedures 

Male Sprague-Dawley rats (Taconic Farms, German- 
town, NY) weighing 250-300 g received no treatment (naive) 
or restrained in Plexiglas escape-yoke wheelturn boxes 
(15.5× 12× 17 cm) modeled after those used by Weiss et al. 
[40]. A grooved Plexiglas wheel extended 1.7 cm into the 
front of the chamber through a hole 8.0 cm from the floor of 
the box. The rat 's  tail was extended through a slot in the rear 
wall of the chamber and was taped to a Plexiglas rod parallel 
to the floor of the chamber. Shock generators (Lafayette 
Instruments Model No. 82400) were used to apply 5 (1 mA), 
20 (lmA) or 80 (incremented from 1-2 mA) inescapable 
shocks lasting five seconds through electrodes attached to 
the rat 's tail. 

Two hours after the last shock all subjects were killed by 
decapitation. Tissues were immediately placed in an isotonic 
sucrose solution, fast frozen and stored at -80°C in order to 
ensure optimal binding conditions. All tissues were assayed 
within one week after sacrifice. 

Radioligand Binding Assays 

Tissues were thawed in a water bath at 50°C. The thawed 
tissue was homogenized using a Brinkman Polytron (Setting 
6--7, 15 seconds) in 50 volumes of 50 mM Tris-HC1 buffer (pH 
7.4) and centrifuged at 20,000 × g for 20 minutes. The pellets 
derived from peripheral organs or the CNS were resus- 
pended in 400 and 100 volumes of buffer, respectively. The 
binding of [3H]Ro 5-4864 or [3H]PK 11195 to PBR was de- 
termined according to the method of Weissman et al. [37]. 

Briefly, 0.1 or 0.6 ml of peripheral or brain tissues, respec- 
tively (containing 0.02-0.1 mg protein, respectively) was 
added to each assay tube containing 0.1 ml of radioligand 
(final concentration, 0.25-10 nM), 0.1 ml of unlabelled drug 
or buffer, and buffer to a final volume of 1 ml. Assays were 
performed in triplicate. The reaction was initiated by the 
addition of tissue and terminated after incubating (0.4°C) for 
60 min by rapid filtration over Whatman GF/B filter strips 
using a Brandel M-24R filtering manifold. Samples were 
washed with two 5 ml aliquots of ice-cold buffer. The spe- 
cific binding of [33H]Ro 5-4864 and [aH]PK 11195 was de- 
fined as the difference in binding obtained in the presence 
and absence of unlabelled Ro 5-4864 or PK 11195, respec- 
tively (final concentrations=5 /zM). The radioactivity re- 
tained by the filters was measured in a Bechman LS 5801 
liquid scintillation spectrometer, using 8 ml of Ready-Solve 
MP (Beckman Instruments, Fullerton, CA) as a fluor. 
[3H]Ro 5-4864 (Sp. Act. 76.5 Ci/mmol) and ['~H]PK 11195 
(Sp. Act. 75 Ci/mmol) were purchased from New England 
Nuclear, Boston, MA. Ro 5-4864 was donated by Hoff- 
mann-LaRoche, Nutley, NJ, and PK 11195 was a gift from 
G. LeFur, Pharmuka Laboratories, Gennevilliers, France. 
Protein was determined using the Miller modification [26] of 
the method of Lowry et al. [21]. 

RESULTS 

Effects o f  80 Inescapable Tailshocks on Radioligand 
Binding to PBR 

In initial experiments, the effect of 80 inescapable tail- 
shocks on [3H]Ro 5-4864 binding was surveyed in several 
brain areas and peripheral tissues. Eighty inescapable 
shocks (Table 1) significantly reduced [3H]Ro 5-4864 binding 
in cerebral cortex ( - 2 ~ ,  p<0.05), heart ( -19%, p<0.05), 
kidney ( -31%, p<0.05) and pituitary (-17%, p<0.05) when 
compared to naive rats. In contrast, this paradigm did not 
significantly change [3H]Ro 5-4864 binding to membranes 
from hippocampus, lung, or adrenal gland (Table 1). The 
decrease in [3H]Ro 5-4864 binding after 80 shocks was paral- 
leled by a similar decrease in [3H]PK 11195 binding to renal 
membranes (-33%, p<0.05, Table 1). Scatchard analysis of 
[3H]Ro 5-4864 binding to kidney membranes from animals 
receiving 80 shocks revealed a 31% decrease in density 
(Bronx, 6.50---0.86 vs 9.43_+0.89 pmole/mg protein, treatment 
vs. control), with no change in the apparent affinity (Ko, 
1.104_+0.14 vs. 0.97__+0.06) compared to naive animals (Fig. 
1). Differences between shock and naive controls in the first 
experiment were analysed for statistical significance using 
the Student 's t-test. 

In order to determine whether there is a relationship be- 
tween the number or intensity of shocks applied and changes 
in the number of PBR, groups of rats received either 5, 20 or 
80 tailshocks and [:'H]Ro 5-4864 binding was assessed in cor- 
tical and renal membranes. 

As can be seen in Fig. 2 (right panel), 5 and 20 shocks had 
no effect on cerebral cortical PBR density while 80 shocks 
resulted in a significant (29%) decrease. These observations 
were confirmed by a one-way analysis of variance. The 
ANOVA revealed a significant treatment (shock) effect: 
F(3.16)=3.51, p<0.05. Subsequent Newman-Keuls com- 
parisons (a=0.05) indicated that the 80 shock group differed 
significantly from the naive controls, while the remaining 
groups did not differ from one another. In contrast, a signifi- 
cant increase (35%) in the density of PBR was found in renal 
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FIG. 1. A representative Scatchard analysis of [3H]Ro 5-4864 bind- 
ing to renal membranes from 80 shock treated rats (circles) and naive 
controls (triangles). For the experimental and naive control kidneys, 
the  Bmax and Kd for [3H]Ro 5-4864 binding were 7.21 pmol/mg 
protein, 1.10_+0.14 mM, and 10.38 pmol/mg protein, 0.97___0.06 nM, 
respectively. The 35% decrease in [3H]Ro 5-4864 binding to renal 
membranes from the 80 shock treated rat is significantly different at 
p<0.05. There is no significant difference in the apparent affinity of 
the PBS for [3H]Ro 5-4864 binding to renal membranes from either 
group. 
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FIG. 2. Effects of different stress durations on [aH]Ro 5-4864 bind- 
ing to membranes from kidney and cerebral cortex. Rats received 
either 5, 20 or 80 5-second shocks. A significant increase (35%) in 
[aH]Ro 5-4864 binding to renal membranes was seen after 5 shocks. 
However, after 20 and 80 shocks, a 22% and 31% decrease, respec- 
tively, in [aH]Ro 5-4864 binding was observed. In contrast, a signifi- 
cant, 29% decrease in [3H]Ro 5-4864 binding was observed in cere- 
bral cortex (right panel) only after 80 shocks. The density of [aH]Ro 
5-4864 binding to renal and cortical membranes was determined at a 
single concentration of ligand (10 nM). Each bar value represents the 
average percentage difference in [aH]Ro 5-4864 binding to tissue 
membranes from shock treated animals when compared to their 
naive controls. *=Significantly different at p<0.05, as determined 
by Newman-Keuls Post-Hoc Test on raw data scores, not percent- 
age differences. 

membranes after 5 inescapable shocks, while 20 and 80 ines- 
capable shocks produced a 22 and 31% decrease in PBR 
density, respectively (Fig. 2, left panel). These observations 
were confirmed by a one-way analysis of variance. The 
ANOVA revealed a significant treatment (shock) effect, 
F(3,36)=5.46, p<0.01. Subsequent Newman-Keuls com- 
parisons (a=0.05) indicated that the 5 and 80 shock groups 
were significantly different from naive controls, while the 20 
shock group was not. 

DISCUSSION 

This study demonstrates that exposure to 80 (5-sec) ines- 
capable tailshocks elicits a rapid reduction in the density of 
PBR which is restricted to some peripheral tissues and areas 
of the CNS. For example, a significant reduction in [~H]Ro 
5-4864 binding to PBR was observed in both heart (19%) and 
kidney (31%), but not in lung or adrenal gland, while in the 
central nervous system, a significant reduction in binding 
was observed in cortical (29%) but not hippocampal mem- 
branes. The demonstration of an apparent tissue-specific re- 
duction in PBR (unrelated to the density of PBR) mitigates 
against a nonspecific effect of stress. Tissues were initially 
surveyed using a concentration of [ZH]Ro 5-4864 that was 
approximately 10 times greater than the apparent Kd. Thus, 
the reductions in PBR that were observed in these experi- 
ments probably reflect alterations in the density of PBR 
rather than changes in the apparent affinity. Scatchard 
analysis of kidney membranes prepared from naive and 

stressed animals confirmed this hypothesis, since a 35% re- 
duction in the Bma x was observed, using 10 nM [aH]PK 11195 
or [3H]Ro 5-4864 (Table 1). The initial tissue survey was 
performed using a schedule of 80 inescapable tailshocks, 
which has previously been demonstrated to elicit a number 
of effects including analgesia [11, 14, 22] and behavioral es- 
cape deficits in animals examined 24 hours later [23]. In 
order to determine whether the density of PBR could be 
altered in a graded fashion, the effects of 5 and 20 shocks was 
compared with the standard 80 tailshock regimen in cerebral 
cortical, and kidney membranes. No changes were observed 
in cortical tissue from animals that received 5 or 20 tall- 
shocks, while a significant reduction was observed in the 80 
tailshock group (Table 1, Fig. 2). In contrast, a significant 
increase (35%) in [aH]Ro 5-4864 binding was observed in 
animals receiving 5 shocks, with a graded reduction in 
[~H]Ro 5-4864 binding in the 20 and 80 tailshock group. This 
type of rapid "up and down" modulation of PBR density has 
not been previously reported. However, both increases and 
decreases in the density of benzodiazepine receptors in the 
CNS have been reported after exposure to stressful situa- 
tions [7, 18-20, 32]. 

The present findings that PBR density may be altered in 
both peripheral tissues and the CNS as a result of exposure 
to a stressful stimulus raises the possibility that PBR ligands 
could produce behavioral effects [12,27] via an effect on pe- 
ripheral tissues (e.g., cardiovascular, endocrine) rather than 
a direct effect on PBR in the CNS. However, our findings are 
consistent with previous studies [12,27] suggesting an asso- 
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cia t ion  b e t w e e n  Ro 5-4864, PBR,  and  s t r e s s / anx ie ty  in ra t s  
and  a rgues  for  a d i rec t  effect  o f  Ro 5-4864 on  the  P B R  r a t h e r  
than  on  the  GABAA r e c e p t o r  ga ted  ch lor ide  c h a n n e l s  [38,40]. 
The  o b s e r v a t i o n  tha t  the  p roconf l i c t  effect  o f  Ro 5-4864 
could  be  b locked  by  P K  11195 (which  does  not  af fec t  
GABAA r e c e p t o r  ga ted  ch lor ide  c h a n n e l s  as a s se s sed  by 
[35s ] t -bu ty lb i cyc lophosphoro th iona t e  b ind ing ;  [38,40]) and  
tha t  h igher  doses  of  P K  11195 p r oduce  an  an t iconf l ic t  ac t ion  
[27] sugges t  tha t  o c c u p a t i o n  of  P B R  could  be  invo lved  in the  
" a n x i o g e n i c "  ac t ions  o f  Ro 5-4864. 

The  m e c h a n i s m s  by  wh ich  P B R  dens i ty  is a l te red  in re- 
sponse  to s t ressful  s t imul i  is u n k n o w n .  H o w e v e r ,  s ince 
s t ress  can  af fec t  c a rd iovascu l a r ,  e n d o c r i n e  and  renal  as well  

as CNS  func t ion ,  the  c h a n g e s  in P B R  dens i ty  tha t  were  
o b s e r v e d  could  be  due  to ac t iva t ion  of  these  sys t ems  to 
d i f ferent  degrees .  The  g raded  or  b iphas ic  effect  of  inescapa-  
ble shock  o b s e r v e d  in renal  and  ce rebra l  cor t ica l  m e m b r a n e s  
suppor t s  this  con ten t ion .  Severa l  s tud ies  have  d e m o n s t r a t e d  
tha t  the  dens i ty  of  P B R  are  u n d e r  h o r m o n a l  con t ro l  [1, 3, 9] 
and  tha t  P B R  in some  t i ssues  (e.g.,  p ineal ;  [37]) are associ-  
a ted  wi th  p re synap t i c  c a t e c h o l a m i n e  ne rve  t e rmina l s ,  wh ich  
would  fu r t he r  suppor t  a role or  a s soc ia t ion  of  P B R  in s t ress-  
re la ted  p h e n o m e n a .  F u r t h e r  inves t iga t ion  us ing  bo th  phar-  
macologic  and  behav io ra l  man ipu l a t i ons  will be  n e c e s s a r y  to 
clarify the  role and  regula t ion  of  P B R  and  its r e la t ionsh ip  to 
s t ress  and  anx ie ty .  

R E F E R E N C E S  

1. Anholt, R. H., E. B. DeSouza, M. J. Kuhar and S. H. Snyder. 
Depletion of peripheral-type benzodiazepine receptors after hy- 
pophysectomy in rat adrenal gland and testis. Eur J Pharmacol 
110: 41-46, 1985. 

2. Anholt, R. H., K. M. M. Murphy, G. E. Mack and S. H. 
Snyder. Peripheral type receptors in the central nervous sys- 
tem: Localization to olfactory nerves. J Neurosci 4: 593-603, 
1984. 

3. Basile, A. S., S. M. Paul and P. Skolnick. Adrenalectomy re- 
duces the density of "peripheral-type" benzodiazepine recep- 
tors in the rat kidney. Eur J Pharmacol 110: 149-150, 1985. 

4. Beattie, D. Physiological changes in rats exposed to cold/ 
restraint stress. Life Sci 23" 2307-2314, 1978. 

5. Benavides, J., D. Quarteronet, F. Imbault, C. Malgouris, C. 
Uzan, C. Renault, M-C. Cubroeuca, C. Gueremy and G. LeFur. 
Labelling of "peripheral-type" benzodiazepine binding sites in 
the rat brain by using [3H]PK 11195, and isoquinoline car- 
boxamide derivative: kinetic studies and autoradiographic loca- 
tion. J Neurochem 41: 1744-1750, 1983. 

6. Bolger, G. T., E. Mezey, J. Cott, B. A. Weissman, S. M. Paul 
and P. Skolnick. Differential regulation of "cent ra l"  and "pe- 
ripheral type" benzodiazepine binding sites in rat olfactory 
bulb. Eur J Pharmacol 105: 143-148, 1984. 

7. Braestrup, C., M. Nielsen, E. B. Neilsen and M. Lyon. Ben- 
zodiazepine receptors in the brain as affected by different exper- 
imental stresses: the changes are small and not unidirectional. 
Psychopharmacology (Berlin) 65: 273-277, 1979. 

8. Bruni, G., P. Dal Pra, M. T. Dott and G. Segre. Plasma ACTH 
and cortisol levels in benzodiazepine treated rats. Pharmacol 
Res Commun 12: 163-175, 1980. 

9. Del Zompo, M., A. Bocchetta, G. U. Corsini, J. F. Tallman and 
G. L. Gessa. Properties of benzodiazepine binding sites in pe- 
ripheral tissues. In: Benzodiazepine Recognition Site Ligands: 
Biochemistry and Pharmacology, edited by G. Biggio and E. 
Costa. New York: Raven Press, 1983, pp. 23%248. 

10. Dorow, R., R. Horawski, G. Paschelke, M. Amin and C. Brae- 
strup. Severe anxiety induced by FG 7142, a beta-carboline 
ligand for benzodiazepine receptors. Lancet 11: 98-99, 1983. 

11. Drugan, R. C., D. N. Ader and S. F. Maier. Shock controllabil- 
ity and the nature of stress-induced analgesia. Behav Neurosci 
99: 791-801, 1985. 

12. File, S. E. and R. G. Lister. The anxiogenic action of Ro 5-4864 
is reversed by phenytoin. Neurosei Lett 35: 93-96, 1983. 

13. Insel, T. R., P. T. Ninan, J. Aloi, D. C. Jimerson, P. Skolnick 
and S. M. Paul. A benzodiazepine receptor-mediated model of 
anxiety. Arch Gen Psychiatry 41: 741-750, 1984. 

14. Jackson, R. L., S. F. Maier and D. J. Coon. Long-term analge- 
sic effects of inescapable shock and learned helplessness. Sci- 
ence 206: 91-93, 1979. 

15. Keim, K. L. and E. B. Sigg. Plasma corticosterone and brain 
catecholamines in stress: effect of psychotropic drugs. Phar- 
macol Biochem Behav 6: 7%85, 1977. 

16. Koepke, J. P. Renal responses to stressful environmental stim- 
uli. Fed Proc 44: 2823-2827, 1985. 

17. Lahti, R. A. and C. Barsuhn. The effect of various doses of 
minor tranquilizers on plasma corticosteroids in stressed rats. 
Res Commun Chem Pathol Pharmacol 11: 595-603, 1975. 

18. Lane, J. D., C. M. Crenshaw, G. F. Guerin, D. R. Cherek and J. 
E. Smith. Changes in biogenic amine and benzodiazepine recep- 
tors correlated with conditioned emotional response and its re- 
versal by diazepam. Eur J Pharmacol 83: 183-190, 1982. 

19. Lippa, A. S., D. Critchet, M. C. Sano, C. A. Klepner, E. N. 
Greenblatt, J. Coupet and B. Beer. Benzodiazepine receptors: 
Cellular and behavioral characteristics. Pharmacol Biochem 
Behav 10: 831-843, 1979. 

20. Lippa, A. S., C. A. Klepner, L. Yunger, M. C. Sano, W. V. 
Smith and B. Beer. Relationship between benzodiazepine re- 
ceptors and experimental anxiety in rats. Pharmacol Biochem 
Behav 9: 853-856, 1978. 

21. Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall. 
Protein measurement with the Folin-phenol reagent. J Biol 
Chem 193: 265-275, 1951. 

22. Maier, S. F., S. Davies, J. W. Grau, R. L. Jackson, D. H. 
Morrison, T. Moye, J. Madden and J. Barchas. Opiate 
antagonists and the long-term analgesic reaction to inescapable 
shock. J Comp Physiol Psyehol 94:1172-1183, 1980. 

23. Maier, S. F. and M. E. P. Seligman. Learned helplessness: 
Theory and evidence. J Exp Psychol [Gen] 105: 3-46, 1976. 

24. Marangos, P. J., J. Patel, J. P. Boulenger and R. Clark- 
Rosenberg. Characterization of peripheral-type benzodiazepine 
binding sites in brain using [3H]Ro 5-4864. Mol Pharmacol 22: 
26--32, 1982. 

25. Mestre, M., T. Carrot, C. Belin, A. Uzan, C. Renault, M. Du- 
broeucq, C. Gueremy, A. Doble and G. LeFur. Electrophysiolog- 
ical and pharmacological evidence that peripheral type ben- 
zodiazepine receptors are coupled to calcium channels in the 
heart. Life Sci 36: 91-400, 1985. 

26. Miller, G. Protein determination for large numbers of samples. 
Anal Chem 31: 964, 1959. 

27. Mizoule, J., A. Gauthier, A. Uzan, C. Renault, M. Dubroeucq, 
C. Gueremy and G. LeFur. Opposite effects of two ligands for 
peripheral type binding sites, PK 11195 and Ro 5-4864, in a 
conflict situation in the rat. Life Sci 36: 1059-1068, 1985. 

28. Mohler, J. and T. Okada. Benzodiazepine receptors: Demon- 
stration in the central nervous system. Science 198: 849-851, 
1977. 

29. Ninan, P. T., T. M. Insel, R. M. Cohen, J. M. Cook, P. Skolnick 
and S. M. Paul. Benzodiazepine receptor mediated anxiety in 
primates. Science 218: 1332-1334, 1983. 

30. Ruff, M. R., C. B. Pert, R. J. Weber, L. M. Wahl, S. M. Wahl 
and S. M. Paul. Benzodiazepine receptor-mediated chemotaxis 
of human monocytes. Science 229: 1281-1283, 1985. 

31. Schoemaker, H., R. G. Boles, D. Horst and H. 1. Yamamura. 
Specific high-affinity binding sites for [aH]Ro 5-4864 in rat brain 
and kidney. J Pharmacol Exp Ther 225: 61-69, 1983. 



S H O C K  R E D U C E S  Ro 5-4864 B I N D I N G  1677 

32. Soubrie, P., M. H. Thiebot, A. Jobert, J. L. Montastruc, F. 
Hery and M. Hamon. Decreased convulsant potency of pic- 
rotoxin and pentetrazol and enhanced [aH]flunitrazepam corti- 
cal binding following stressful manipulations in rats. Brain Res 
189: 505--517, 1980. 

33. Squires, R. and C. Braestrup. Benzodiazepine receptors in rat 
brain. Nature 266: 732-734, 1977. 

34. Syapin, P. and P. Skolnick. Characterization of benzodiazepine 
binding sites in cultured of neural origin. J Neurochem 32: 
1047-1051, 1979. 

35. Warburton, D. M. Modern biochemical concepts of anxiety, lnt  
Pharmacopsychiatry 9: 189-205, 1974. 

36. Weissman, B. A., G. T. Bolger, L. Isaac, S. Paul and P. Skol- 
nick. Characterization of the binding of [aH]Ro 5-4864, a con- 
vulsant benzodiazepine, to guinea pig brain. J Neurochem 42: 
969-975, 1984. 

37. Weissman, B. A., P. Skolnick and D. C. Klein. Regulation of 
"peripheral-type" binding sites for benzodiazepines in the 
pineal gland. Pharmacol Biochem Behav 21: 821-824, 1984. 

38. Weissman, B. A., J. Cott, S. Paul and P. Skolnick. Ro 5-4864: A 
potent benzodiazepine convulsant. Eur J Pharmacol 90: 149- 
150, 1983. 

39. Weissman, B. A., J. Cott, G. T. Bolger, K. H. Weber, W. D. 
Horst, S. M. Paul and P. Skolnick. "Peripheral-type" binding 
sites for benzodiazepines in brain: relationship to the convulsant 
actions of Ro 5-4864. J Neurochem 44: 1494-1499, 1985. 

40. Weiss, J. M., E. A. Stone and N. Harrell. Coping behavior and 
brain norepinephrine levels in rats. J Comp Physiol Psychol 72: 
153-160, 1970. 


