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VILLIGER J W , K M TAYLOR AND P D GLUCKMAN Characterist ics o f T ) p e  1 and Type 2 benzodlazepme 
J e~eptots m the ovme b tam PHARMAC BIOCHEM BEHAV 16(3) 373--375, 1982--Analysis of the displacement of 
~H-dlazepam binding to membranes prepared from the owne frontal cortex by the triazolopyradiazine CL218,872 yielded a 
Hdl coefficient significantly below unity By analogy with similar studies of this drug In rat brain this suggested the 
existence of Types 1 and 2 benzodlazepme receptors The degree of displacement of 3H-dmzepam by CL218,872 (200 nM, 
Type 1 800 nM, Type 2) in homogenates of brain regions differed, the rank order being cerebellum > parietal cortex > 
frontal cortex = temporal cortex = hlppocampus > strlatum Displacement of aH-diazepam by CL218,872 was enhanced 
by 10 -~ M GABA m the strlatum (at 200 nM and 800 nM CL218,872) and cerebellum (at 200 nM CL218,872) Ben- 
zodlazepine receptors in the ovlne frontal cortex were least sensitwe to CL218,872 (200 nM) in young fetuses (54--68 days 
gestation) and achieved adult levels of sensitivity by late gestation Finally, the potency of CL218,872 to displace 3H- 
dmzepam was not effected by the 3H-hgand concentration (0 5 nM or 5 0 nM), suggesting that Types 1 and 2 ben- 
zodmzeplne receptors are not identical to the high and low affinity ~H-diazepam binding sites we have prewously identified 
m the owne brain 

Benzodlazepme receptors TrlazolopyrIdazme CL218,872 Ovine brain 

THE mammalian central nervous system (CNS) contains 
binding sites for ~H-benzodmzeplnes which have the phar- 
macological and biochemical characteristics of membrane 
bound benzodlazeplne receptors [6,8] While initial studies 
suggested that 3H-benzodiazeplne bound to a single recep- 
tor, there IS now growing evidence that multiple ben- 
zodlazeplne receptors are present m CNS tissue [7] For 
example, Lippa and his as sociates showed that 3 - methyl- 6- [ 3 - 
(trffluoromethyl)phenyl] - 1,2,4 - trlazolo - [4,3 - b]pyndazlne 
(CL218,872), a non-benzodlazeplne with high anxlolytlc po- 
tency but low hypnotic and anticonvulsant potency, displaced 
the binding of ZH-dlazepam with a shallow displacement curve 
which y~elded a Hdl coefficient of approximately 0 5 [4] 
Although other factors such as negatively cooperaUve s~te-slte 
mteracuons or ternary receptor complex formation could ex- 
plainthls finding, Lippaetal have postulated the exlstence of 
multiple benzodIazepine receptors--those for which 
C L218,872 has high affinity (Kd ----- 100 nM, termed Type 1) and 
those for which CL218,872 has low affinity (Kd = 1000 nM, 
termed Type 2) [5] Types 1 and 2 benzodmzepme receptors 
have been characterized m the rat brain w~th regard to regional 
distribution [5,9], ontogeny [3] and sensaivity to GABA [2] We 
report here the existence and characteristics of Types 1 and 2 
benzodmzepinereceptorintheovlnebraln Also, sinceScatch- 
ard analysis of aH-dmzepam binding to ovlne frontal cortex is 
curvlhnear suggesting high (K d - 2 0 nM) and low Kd = 20 nM) 
affinity binding sites (Vilhger et al, submitted), we have 
examined the compatablllty of such a receptor subdivision with 
the Types 1 and 2 benzodIazeplne receptor classLficatlon 

METHOD 

Adult ewes (pregnant and non-pregnant) and infant lambs 
were killed with an overdose of sodium pentobarbltal lq- 
jected Intravenously Fetuses, whose stage of gestation was 
accurately known, were obtained by Caesanan section and 
killed by decapitaUon Brains were rapidly removed, dis- 
sected and the selected regions placed on dry Ice before 
storage at -20°C They were homogenized with an Ultra- 
Turrax homogenizer in 50 volumes of ice-cold 50 mM Trls 
HC! buffer (pH 7 4 at 20°C) The homogenate was then cen- 
trifuged at 50,000 g for 10 minutes at 4°C The pellet was 
washed 5 times by resuspension in further 50 volume 
aliquots of 50 mM Trls buffer and recentnfugation The final 
pellet was suspended in 20 volumes of 50 mM Tns buffer 
before being subdivided and stored at -20°C 

aH-Dlazepam (76 8 Cl/mmole, New England Nuclear 
Corp ,  Boston) binding was determined by Incubating the 
~H-benzodlazepine with 200/xl of homogenate (10 mg tissue 
wet weight), test compound (where applicable), and 50 mM 
Trls HC1 buffer (to give a final volume of 2 0 ml) at 0-4°C for 
30 min Following the addition of 5 ml of ice-cold buffer, 
assays were terminated by filtration under reduced pressure 
through 2 5 cm Whatman GF/B glass fibre discs Filters were 
then washed with two further 5 ml allquots of buffer 
Radioactivity present on the filters was determined by liquid 
scintillation spectrometry at a counting efficiency of 28--30% 

Non-specific binding was defined as that occurring in the 
presence of 3 0/xM unlabelled dlazepam Specific binding 
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was defined as total binding (in the absence of  unlabelled 
drug) minus non-specific binding All data is presented as 
specific binding, which was 90-95% of total binding 

Hill plots were calculated according to Bennett  [1 ] and the 
line of  best fit drawn using a computerized linear-regression 
analysis Dewatlon of  Hdl plot slopes from unity was calcu- 

lated using a t-statistic with the formula tn-, b - 1 _- F x  x/T 
where b = the slope of  the regression hne and F = the 
F-rattan for the hnear regression 

All drugs used were kindly supphed by F-Hoffman-La 
Roche Co L t d ,  Basel, Switzerland 

R E S U L T S  

Analysis of  the displacement of  3H-dlazepam (0 5 nM) 
from binding s~tes in homogenates of  frontal cortex by 
CL218,872 (10-5-10 -8) yielded a Hill coefficient of 
0 77-+0 09, which differed significantly (p<0 05) from unity 
(Fig 1, Inset) This suggested the differential sensitivity of 
aH-dlazepam receptors to CL218,872 in accord wtth the 
Type 1 and Type 2 benzodiazeplne receptor  concept [5] 

To test ff the high and low affinity benzodiazeplne binding 
sites in ovlne frontal cortex were dlfferentmlly sensmve to 
CL218,872, we compared CL218,872 ICs0 values when 
membranes prepared from the same brain were incubated at 
0 5 nM and 5 0 nM aH-dmzepam There was no significant 
difference between IC5o values which were 283_+72 nM at 0 5 
nM 3H-dlazepam and 300_+58 nM at 5 0 nM 3H-dlazepam 
(p>0 1, n=3) Thus the high and low affinity benzodmzeplne 
receptors m frontal cortex do not appear  to have differential 
sensitivity for CL218,872 

Since Type 1 and 2 receptors have been localized in re- 
gions of  the rat brain both bmchemIcally [5] and by using 
autoradlography [9] we have investigated the sensitivity of  
3H-dlazepam binding sites to CL218,872 in several regions of 
the adult sheep telencephelon and cerebellum The ben- 
zodiazepine binding sites were labelled with 0 5 nM 3H- 
dmzepam, and percent displacement by 200 nM and 800 nM 
CL218,872 examined These assay parameters  were similar 
to those employed by Young et al [9] and, by definition, 
provide an index of  the number of  Type 1 (200 nM 
CL218,872) and Type 2 (800 nM CL218,872) receptors Also, 
in order to examine ff Type 1 and Type 2 receptors are 
coupled to GABA receptors,  we tested the effect of  10 -s M 
GABA on CL218,872 displacement of  3H-dIazepam As 
shown in Table 1, the degree of  d~splacement of  aH-dlazepam 
by both 200 nM and 800 nM CL218,872 was in the rank order 
cerebellum > paraetal cortex > frontal cortex = occipital 
cortex -~ temporal cortex -~ hlppocampus > stnatum This 
result ~s consistent with those previously reported for the rat 
[5,9] Interestingly, 10 -s M GABA sigmficantly (p<0 01) in- 
creased the sensmwty of the benzodiazepme receptor  to 200 
nM CL218,872 m the stnatum and cerebellum and to 800 nM 
CL218,872 m the strlatum 

We also examined the effect of  200 nM CL218,872 on 
~H-dlazepam (0 5 nM) binding on membranes prepared from 
frontal cortices of  ovlne fetuses (Table 2) The &splacement 
of  3H-dlazepam by CL218,872 was lowest in fetuses aged 
54-68 days (21 2%) and increased significantly (p<0 05) by 
late gestation to 45 8% A similar level of displacement was 
maintained to adulthood This result suggests that the 
number of  benzodmzeplne receptors able to be classified as 
Type 1 receptors develops primarily in late gestation 
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FIG 1 Displacement ot 0 5 nM ~H-dlazeparn by the trmzolopyrlda- 
zlne CL218,872 m homogenates of the ovlne frontal cortex Inset 
Hill plot of the displacement data 

D I S C U  S S I O N  

The concept of  Type 1 and Type 2 benzodiazeplne recep- 
tors has been introduced to explain the finding that the 
triazolopyrldazlne CL218,872 displaces ~H-benzodlazeplne 
binding to rat brain preparations with a shallow displacement 
curve which yields a Hill coefficient significantly less than 
unity [2, 3, 4, 5, 9] We have obtained similar results with 
CL218,872 displacement of  ~H-dlazepam binding to 
homogenates of ovzne frontal cortex, suggesting the pres- 
ence of Types 1 and 2 benzodiazeplne receptors in ovlne 
brain Our studies indicated that the regional distribution of 
Type 1 and Type 2 receptors in the sheep brain ~s similar to 
that in rat brain with the highest number of Type 1 receptors 
in cerebellum and lowest number in strlatum 

Previous evidence based on the displacement by 
CL218,872 of  3H-flunltrazepam from crude synaptosomes 
prepared from rat cortex suggested that Types 1 and 2 recep- 
tors are not modulated by GABA [2] We found that 10 s M 
GABA significantly enhanced CL218,872 (200 nM) dis- 
placement of aH-dIazepam (0 5 nM) from strlatal and cerebel- 
lar membranes,  suggesting that GABA is capable of  modulat- 
Ing Types 1 and 2 receptors in the ovlne brain under certain 
conditions The discrepancy between the Klepner  et al [2] 
result and our finding could reside in the different tissue 
preparatmns and ~H-benzodlazeplnes used, the &fferent 
brain regions assayed,  or represent a species difference be- 
tween rodent and ovlne brain 

Our finding that the brain of  the immature ovlne fetus 
(54--68 days gestation) contains fewer Type 1 benzodiazeplne 
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T A B L E  1 

THE EFFECT OF 10 -3 M GABA OF CL218,872 DISPLACEMENT OF 5H-DIAZEPAM (0 5 nM) 

Region 

Percent d~splacement of specifically bound 3H-dIazepam 
Addmon 

200 M 800 nM 
200 nM CL218,872 800 nM CL218,872 

CL218,872 +10 -5 M GABA CL218,872 +10 -5 M GABA 

Frontal 40 ± 8 44 ± 8 69 _+ 5 71 _ 6 
Cortex 

Parietal 47 ± 6 50 - 5 71 ± 4 71 ± 4 
Cortex 

Occipital 35 ± 5 41 ± 8 58 ± 8 63 ± 3 
Cortex 

Temporal 38 ± 6 45 ± 3 63 ± 2 61 _+ 3 
Cortex 

Hlppocampus 38 ± 6 48 _+ 1 59 _+ 5 66 ± 3 
Strlatum 19 ± 1 30 ± 2* 39 ± 4 58 ± 3* 
Cerebellum 62 ± 2 74 ± 2* 88 ± 3 89 ± 2 

Values represent the mean + s e m percentages of 3 adult brains 
*Significantly (p<0 01, two-taded t-test) greater than CL218,872 displacement in the 

absence of GABA Percent displacement by CL218,872 in the absence and presence of 
10 -~ M GABA were compared respectively to control specific binding in the absence and 
presence of GABA 

recep tors  than brains from older  animals  is cons i s ten t  w~th 
s tudies  In the rat showing later post-nata l  deve lopmen t  o f  
Type  1 r ecep to r s  [3] The earl ier  d e v e l o p m e n t  o f  the o w n e  
benzodmzep lne  recep to r  (using partur i t ion as a re fe rence  
point)  co inc ides  wi th  the prenatal  brain growth  spurt  m the 
sheep  as c o m p a r e d  to pos tnata l  brain growth  spurt  in the rat 
Ill 

We have previous ly  found  that  Sca tchard  analysis  o f  
3H-dlazepam binding to o w n e  frontal  cor tex  is curvdlnear ,  
suggest ing the p resence  of  high (KD --~ 2 0 nM) and low (KD --~ 
20 nM) affinity binding sites (Vllhger et al submit ted)  Since 
CL218,872 d i sp lacemen t  o f  3H-dmzepam binding to 
homogena t e s  of  frontal  cor tex  was  not  slgmficantly affected 
by the 3H-dlazepam concen t ra t ion  emp loyed  (0 5 nM vs 5 0 
nM),  we suggest  that  Type  1 and Type  2 benzodmzep lne  
recep tors  are not  identical to the high and low affinity 3H- 
dm zepam binding sites previous ly  identif ied 

1 Dobbmg, J and J 

T A B L E  2 

THE DEVELOPMENT OF SENSITIVITY OF THE 
BENZOD1AZEPINE RECEPTOR TO CL218,872 IN HOMOGENATES OF 

THE OVINE FRONTAL CORTEX 

Percent displacement by 
Conceptual Age (days) 200 nM CL218,872 

54-68 (Fetus) 21 2 ± 12 4(4)* 
96-147 (Fetus) 45 8 ± 4 5(6) 

180-205 (Lamb) 42 0 ± 18 0(3) 
>730 (Adult) 40 0 ± 8 0(3) 

Parturition in the sheep occurs at approximately conceptual age 
147 days 

*Significantly different from 96--147 day group at p<0  05 (two- 
taded t-test) Values given are the mean ±- s e m of the number of 
brams given In parenthesis 
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