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A novel macrocyclic lactone disaccharide anthelmintic agent, &vermectin B la (AVM) has been found to cause 
a concentration-dependent increase in the in vitro binding of 3H-diazepam to rat and mouse brain membranes. 
The increase in binding is manifested as both an increase in the affinity and number of binding sites for 3H-diaze- 
pam. Preliminary in vivo studies demonstrate that AVM can also enhance some of the pharmacological actions 
of diazepam. 

3H-Diazepam binding Anthelmintic Diazepam 

1. I n t r o d u c t i o n  

A high a f f in i ty ,  specific binding site for  
aH-diazepam has been  descr ibed in mamma-  
lian brain. F r o m  corre la t ions  o f  the  pharma-  
cological ac t ions  of  various benzodiazep ines  
and the i r  e f fec ts  to  displace 3H~liazepam 
binding,  this site has been  designated as an 
"anx io ly t i c  r e c e p t o r "  (Squires and Braes t rup,  
1977;  Mohler  and Okada,  1977) .  Several 
diverse c o m p o u n d s ,  among  the  Ni 2÷ (Macke- 
rer  and  K o c h m a n ,  1978) ,  7 - aminobu ty r i c  
acid (GABA) and musc imol  (Tal lman et  
al., 1978;  Williams and Risley,  1979)  and a 
novel  anx io ly t ic ,  SQ 20009  (Williams and 
Risley, 1979)  have been  shown to enhance  
the  binding o f  aH-diazepam to  rat  brain mem-  
branes.  The  significance o f  these findings is 

no t  en t i re ly  clear a l though the  m o d u la t i o n  of  
3H-diazepam binding b y  GABAergic  agents 
appears  compa t ib le  wi th  the  wel l -known in 
vivo in te rac t ions  o f  benzodiazep ines  and 
GABA (Haef ley  et  al., 1975) .  Addi t iona l ly ,  
the  in terac t ions  o f  SQ 20009  wi th  d iazepam 
binding m a y  have some relevance to  the  pur- 
po r t ed  anx io ly t ic  act ions o f  this c o m p o u n d  
(Beer  e t  al., 1972) .  In the  present  studies,  we 
have examined  the  in te rac t ion  o f  a novel  
macrocyc l ic  l ac tone  disacchar ide an the lmin t ic  
agent ,  Avermec t in  S l a*  (AVM: Fr i tz  et al., 
1979)  wi th  aH-diazepam binding and with 
some o f  the  pharmacologica l  ac t ions  of  
d iazepam.  

2. Materials and m e t h o d s  

* Avermectin Bla = (2aE,4E,5'S,6S,6'R,7S,8E,11R, 
13R,15S,17aR,20R,20aR,20bS)-6'- [ (R)-sec-butyl ] -7- 
[ [ 2,6-dideoxy-4-O-( 2,6-dideoxy-3-O-methyl-(~-L-ara- 
bino-hexopyranosyl)-3-O-methyl-(~-L-arabino-hexopy- 
ranosyl] oxy ]-5t,6,6t,7,10,11,14,15,17a,20,20a,20b o 
dodecahydro-20,20b-dihydroxy-5P,6,8,19-tetramethyl- 
spiro-[ 11,15-methano-2H,13H,17H-furo-[4,3,2-pq] [ 2, 
6 ] benzodioxyacyclo-octadecin°l 3,2'- [ 2H ] pyran ] -17- 
one. 

2.1. aH-diazepam binding 

Binding o f  aH-diazepam to  c rude  synapt ic  
membranes  p repared  f r o m  ra t  brain was 
measured  b y  a mod i f i ca t ion  o f  previously  
publ ished m e t h o d s  (Squires and Braest rup,  
1977;  Mohler  and Okada,  1977) .  Th e  binding 
assay rou t ine ly  consis ted o f  t r ipl icate  tubes  to  
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which were added: 3H-diazepam (NEN; 
specific activity 39.1 Ci/mmol) to a final 
concentrat ion of  1.5 nM; 1 ml of  P2 protein 
suspension (1 mg/ml) and 50 mM Tris HC1 pH 
7.4 to a final volume of  2 ml. Experimental  
compounds  when used were diluted in 50 mM 
Tris HC1 pH 7.4 and added to the incubation 
mixture  in a volume of  0.1 ml to the final 
concentrat ions indicated. The reaction was 
initiated by the addition of  membrane protein 
to tubes maintained at 4°C in an ice water 
bath and continued for 15 min at which time 
equilibrium was reached, and terminated by 
filtration under  vacuum through Whatman 
GF/B filters. The filters were washed twice 
with 5 ml of ice-cold 50 mM Tris HC1 pH 7.4, 
transferred to  scintillation vials and 10 ml 
of  Aquasol 2 (NEN) added. After shaking at 
room tempera ture  for  30 min, radioactivity 
was measured in a Packard Model 3255 Scin- 
tillation Spect rometer  at an efficiency of  38%. 
Specific binding was determined as the dif- 
ference in the radioactivity bound in the 
absence and presence of  1 pM unlabelled 
diazepam and was approximately  90% of the 
total  radioactivity bound.  Scatchard analysis 
of  the changes in 3H-diazepam binding was 
determined over a concentra t ion range of 
0.625--10 nM. 

2.2. Behavioral studies 

Carworth, CF1, female mice weighing 18-- 
24 g were used in all studies. "Muscle power"  
was assessed through the use of  a fixed wire 
mesh platform at tached to a calibrated linear 
differential t ransformer which was connected 
electrically to a Servo pen recorder.  Mice 
placed on the platform and restrained by the 
tail exerted considerable force in at tempting 
to grip the mesh when pulled across it by the 
tail. This force was recorded as spaces of  pen 
deflection. Locomoto r  activity was assessed 
with " d o n u t "  shaped photocel l  chambers 
consisting of  a circular runway with a central 
light source and six photocells equally spaced 
around the outer  perimeter  of  the runway. 
Counts resulting from interrupt ion of  the 

light beams were recorded on Sodeco 
counters.  Animals were placed (one mouse 
per chamber) in a particular chamber on a 
randomized basis, and treated and control  
animals were tested concurrent ly.  

3. Results 

3.1. 3H-diazepam binding 

AVM caused a concentra t ion-dependent  
increase in the binding of  3H-diazepam to 
rat brain membranes (table 1) with a near 
maximal effect observed at 10 pM. Examina- 
t ion of  the effects of AVM on 3H-diazepam 
binding by kinetic analysis showed that  the 
increase in binding was reflected as an 
increase in both the affinity (decrease in KD) 
and number  of binding sites (table 1). The 
effects of  AVM on 3H-diazepam binding to 
mouse brain membranes yielded similar data 
to that  observed in rats {data not  presented). 

TABLE 1 

AVM enhancement of 3H-diazepam binding to rat 
brain membranes. 

(A) Concentration--responses of AVM to enhance 3H- 
diazepam binding 

AVM concentration (pM) % Increase in binding 
(mean _+ S.D.; n = 4) 

0.1 19 -+ 9 
1 44_+7 

10 65 _+ 3 

(B) The effect of 500 nM AVM on affinity and num- 
ber of 3 H-diazepam binding sites 

Control +500 nM % Change 
(mean + S.D.; AVM (signifi- 
n = 4) (mean -+ S.D.; cance) 

n=4)  

K D 4.56-+ 0.46 3.65 -+ 0.32 --20 
(P < 0.02) 

n (pmoles/ 1.46 -+ 0.07 1.64 + 0.06 +12 
mg protein) (P < 0.01) 



AVM ENHANCEMENT OF DIAZEPAM BINDING 

To  the  e x t e n t  t es ted  the  ac t ion  o f  AVM on  
3H-diazepam b ind ing  a p p e a r e d  specif ic  insofar  
as it exh ib i t ed  no  ac t iv i ty  at  c o n c e n t r a t i o n s  
up  to  50 pM on  the  b inding  of  3H-WB 4101 
(a -adrenerg ic  r e c e p t o r ) ,  3H-GABA ( G A B A  
recep to r ) ,  3H-spiroper idol  ( d o p a m i n e  recep-  
to r ) ,  3H-quinucl idinyl  benz i la te  (muscar in ic  
chol inergic  r ecep to r ) ,  3H-kainic acid (gluta- 
m a t e  r e c e p t o r )  and  3H.LSD ( se ro ton in  
r ecep to r ) .  

3.2. Behavioral studies 

P r e t r e a t m e n t  wi th  AVM (5 m g / k g  i.p.) 
enhanced  the  r e d u c t i o n  in " m u s c l e  p o w e r "  
induced  b y  d i a z e p a m  ( tab le  2). This  dose  of  
AVM did n o t  a l te r  t he  musc le  r e l axan t  
p rope r t i e s  of  c y c l o b e n z a p r i n e  assessed b y  this 
tes t  p rocedure .  F u r t h e r m o r e ,  d i a z e p a m  
caused a dose- re la ted  decrease  in s p o n t a n e o u s  
m o t o r  ac t iv i ty  which  was enhanced  at  all dose  
levels b y  p r e t r e a t m e n t  ( 3 0 m i n  p r io r  to  
receiving d i azepam)  wi th  5 m g / k g  i.p. o f  AVM 

TABLE 2 

Enhancement by AVM of the decrease in 'muscle 
power' induced by diazepam 1 

Pretreatment 2 Treatment 3 Units of pen 
(mg/kg i.p.) (mg/kg i.p.) deflection 4 

(X -+ S.E.M.) 

Methocel + Methocel 9.4 + 0.2 
Methocel + Diazepam (5) 7.5 + 0.4 s 
Methocel + Diazepam (10) 7.1 + 0.4 s 
Methocel + Diazepam (20) 6.3 -+ 0.5 s 
AVM (5) + Diazepam (5) 5.3 + 0.5 6 
AVM (5) + Diazepam (10) 4.8 -+ 0.4 6 
AVM (5) + Diazepam (20) 4.0 -+ 0.4 6 
AVM (5) + Methocel 9.0 -+ 0.2 

1 N = 20 mice/treatment. 
2 30 min before treatment. 
3 30 rain before test. 
4 10 units of pen deflection = 100 g. 
s Significantly different (P < 0.05) from methocel + 
methocel (Duncan's multiple range test). 
6 Significantly different (P < 0.05) from methocel + 
corresponding doses of diazepam (Duncan's multiple 
range test). 
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{data no t  shown) .  This  dose  of  A V M  did no t  
s ignif icant ly  a f f ec t  m o t o r  ac t iv i ty  by  itself.  

4. Discuss ion 

AVM enhances  the  b ind ing  o f  3H-diazepam 
to  ra t  brain m e m b r a n e s  b y  increasing b o t h  the  
a f f in i ty  and n u m b e r  of  b ind ing  sites for  the  
benzod iazep ine .  T o  ou r  k n o w l e d g e  this is the  
first  subs tance  s h o w n  to  increase the  n u m b e r  
o f  b inding  sites avai lable to  the  radio l igand,  
Ni 2÷, G A B A ,  m u s c i m o l  and  S Q 2 0 0 0 9  pro-  
duc ing  the i r  e f fec t s  sole ly  via a change  in the  
a f f in i ty  o f  the  b ind ing  site. T o  the  e x t e n t  
t e s ted ,  this  e f fec t  o f  AVM appea r s  specif ic  to  
the  d i azepam recep to r .  F u r t h e r m o r e ,  the  ob-  
served in vivo e n h a n c e m e n t  b y  AVM of  
d i azepam induced  decreases  in m o t o r  ac t iv i ty  
and  musc le  p o w e r  wou ld  appea r  to  indica te  a 
degree  o f  pha rmaco log ica l  re levance for  the  
e n h a n c e m e n t  of  b inding obse rved  in vi t ro .  
Clearly,  fu r the r  s tudies  are requi red  to  deter-  
m ine  the  speci f ic i ty  of  the  pha rmaco log i ca l  
i n t e rac t ion  be tween  AVM and d i azepam in 
vivo. F u r t h e r m o r e ,  while it is possible  t h a t  
this  in t e rac t ion  m a y  have re levance to  the  
nove l  an the lmin t i c  ac t ions  o f  this mac ro l ide  
and  its r e p o r t e d  e f fec t s  on chlor ide  channels  
in inver tebra tes  (Fr i tz  et  al., 1979) ,  the  lack 
of  d i azepam binding  sites in inver tebra tes  
(Neilsen e t  al., 1978)  wou ld  ques t ion  such an 
ex t r apo l a t i on .  I t  m a y  be no t ed ,  however ,  
t h a t  a re la t ionship  be tween  the  d i azepam 
r e c e p t o r  and  chlor ide  an ion  channels  in m a m -  
mal ian  brain m e m b r a n e s  has been  infer red  
(Costa  et  al., 1979) .  
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