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DUNN, A. J., A. L. GUILD, N. R. KRAMARCY AND M. D. WARE. Benzodiazepines decrease grooming in response to 
novelty but not ACTH or jg-endorphin. PHARMAC. BIOCHEM. BEHAV. 15(4) 605-608, 1981.--Excessive grooming in 
response to intracerebroventricular (ICV) ACTHn_24 was assayed following various doses of diazepam, chlordiazepoxide 
and flurazepam. Grooming scores were only affected by doses of the benzodiazepines higher than those that depressed 
locomotor activity. Similarly, diazepam did not affect excessive grooming induced by ICV/3-endorphin, nor did chronic 
chlordiazepoxide affect ACTH-induced grooming. By contrast similar doses of the benzodiazepines decreased the in- 
creased grooming score observed when mice were observed in a novel as opposed to the home cage. This result is 
consistent with the hypothesis that novel cage-induced grooming is caused by an increase in the ventricular content of 
ACTH or/3-endorphin, and that the benzodiazepines decrease or prevent this increase. It is not consistent with hypotheses 
of a functional antagonism between ACTH and benzodiazepines, at least insofar as the mechanisms involved in the 
production of grooming are concerned. 

ACTH ,t3-endorphin Excessive grooming Benzodiazepines Novelty 

INTRACEREBROVENTRICULAR (ICV) injection of 
ACTH causes excessive grooming in rats [8] and mice [18]. 
Increased grooming has long been known to occur in certain 
stressful situations [5] and has been considered to be a dis- 
placement behavior [13]. Recently, increased grooming has 
been observed following transfer of rats to a novel environ- 
ment [I, 3, 15] and other mild stressors (see [4] and [10] for 
reviews). It has been argued that this grooming induced by 
mild stress may be due to intracerebral secretion of ACTH. 
In support of this, novelty-induced grooming was impaired in 
hypophysectomized rats [3], although another group failed to 
replicate this result [15]. However, ICV administration of a 
specific antiserum to ACTH impaired novelty-induced 
grooming, whereas peripheral injections of ACTH antiserum 
or ICV injections of control serum were ineffective [3]. Fur- 
thermore, naloxone and haloperidol, both of which impair 
ACTH-induced grooming [9,21], impaired novelty-induced 
grooming at doses that did not alter locomotor or exploratory 
activities [11]. 

An extensive literature suggests that benzodiazepines re- 
duce stress responses, in particular by decreasing ACTH and 
glucocorticoid secretion [ 16]. If novelty-induced grooming is 
indeed caused by secretion of ACTH, then benzodiazepines 
should decrease the grooming response to novelty. Because 
others have suggested a functional antagonism between 
ACTH and the benzodiazepines [6,7], it is first necessary to 
test whether benzodiazepines affect ACTH-induced groom- 
ing. 

In the present study, we investigated the effects of ben- 

zodiazepines on ACTH-,/3-endorphin- and novelty-induced 
grooming. In addition to further substantiation of the in- 
volvement of ACTH and/or/3-endorphin in novelty-induced 
grooming, we hoped also to determine whether the func- 
tional antagonism between ACTH and the benzodiazepines 
extends to the grooming-eliciting properties of ACTH. 

EXPERIMENT I: EFFECTS OF VARIOUS DOSES OF 
DIAZEPAM AND CHLORDIAZEPOXIDE ON ACTH- 

INDUCED GROOMING 

METHOD 

Animals 

Male albino mice 19-24 g at surgery were used. Animals 
were prepared for intracerebroventricular (ICV) injections 
with injection ports overlying each lateral ventricle as previ- 
ously described [2]. After surgery and for the duration of the 
experiment, the animals were housed singly and maintained 
on a 12:12 light/dark cycle (lights on 7 a.m.). The average 
room temperature was 24°C. The animals were allowed free 
access to food and water. 

Materials 

ACTHI_:4 (Cosyntropin, Organon) was dissolved in 0.9"~ 
saline to a concentration of 0.5 mg/ml. Diazepam (DZP): the 
supplied 5 mg/ml DZP solution (Roche) was diluted to 0.125 
mg/ml, 0.05 mg/ml and 0.025 mg/ml with a vehicle solution 
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composed of 4(F'A propylene glycol. 10% ethyl alcohol and 
50% saline (0.9q~). Chlordiazepoxide-HCl (CDP, Roche) was 
dissolved in 0.9c/~ saline at 1.0 mg/ml, 0.5 mg/ml and 0.25 
mg/ml. 

ICV injections (I /zl each side) of either 0.9% saline or 
ACTH~_24 were made as previously described [21 with a mi- 
crosyringe specially fitted with a needle guard so as to place 
the needle tip in the lateral ventricle, lntraperitoneal (IP) 
injections of either a vehicle or drug solution were adminis- 
tered with a constant injection volume of 0.1 ml. 

Prou,~'dllr(' 

The screws were removed from the injection ports and 
each animal was placed in an individual Plexiglas observa- 
tion box (16.5×29×15 cm). The ICV injections were ad- 
ministered and the animals replaced into the observation 
boxes, at which time behavioral observations began. Fifteen 
min later, the animals were injected IP with DZP, CDP or 
saline. The animals were replaced and behavioral observa- 
tions continued for 30 min. Behaviors scored were grooming, 
locomotor activity, stretching and yawning, and quiescence. 
using a time-sampling technique as previously described [2] 
and previously validated [8]. On Days I-4 each of twelve 
animals received the three doses of DZP and the vehicle 
treatment in a randomly assigned sequence in a Latin Square 
design, such that each animal received each dose on one of 
the four days. On Days 7-10, each animal received the three 
doses of CDP and the vehicle treatment according to the 
same design. On Day 13, 6 animals received both ICV and IP 
injections of saline. 

RESULTS 

The results are presented as median percentage scores for 
each dose of drug over all days ('Fable 1). Although the be- 
havioral observations began immediately after the ICV in- 
jections, only the scores during the 30-min time period im- 
mediately following the IP injections (15-45 min) were used 
for comparison. The scores during the first 15 rain were to 
ensure that the ACTH effectively induced grooming. In all 
conditions tested, benzodiazepines did not significantly alter 
the grooming scores displayed in ACTH-treated animals. 
However, significant decreases in locomotor activity and 
significant increases in quiescence were observed with in- 
creasing drug doses (Table I). 

Since behavioral differences between acute and chronic 
administrations of benzodiazepines have been reported both 
from animal and clinical studies [7], comparisons between 
the days of treatment were made using single factor ANOVA 
for repeated measures for each behavior. These comparisons 
failed to find any significant difference between the days, i.e. 
the number of benzodiazepine administrations received did 
not significantly alter the behavioral responses (for each be- 
havior, F(3,33) < I). 

EXPERIMENT 2: EFFECTS OF BENZODIAZEPINES 
ON ACTH- AND/3-ENDORPHIN-INDUCED 

GROOMING 

METHOD 

Materials 

ACTH, DZP and CDP were used as before./3-endorphin 
(Peninsula l~ahoratories) was dissolved at 0.15 mg/ml in 

TABLE I 
EFFECTS OF BENZODIAZEPINES ON 

ACTHt_24-INDUCED GROOMING 

Treatment 

Median 
Percentage 

Scores* 

ICV IP G M Q 

ACTH] 2~ DZP vehicle 46 31 II 
ACTH, 2, 0.1 mg/kg DZP 48 30 18 
ACTH~ 2.~ 0.2 mg/kg DZP 47 14- 36~: 
ACTHn 2~ 0.5 mg/kg DZP 33 12~, 48.~ 

AC'I'H, 2~ CDP vehicle (saline) 52 38 4 
ACTHj 2~ 1 mg/kg CDP 43 47 6 
ACTH~ z~ 2 mg/kg CDP 56 24 10 
AC'IH, 2.~ 5 mg/kg CDP 59 21~ 19:1: 

Saline Saline 12 83 3 

Behavioral scores for the period 15 to 45 min following ICV injec- 
tion (0 or 30 min following benzodiazepines). 

*Median percentage score on: G, grooming; M, locomotor activ- 
ity; Q, quiet. Twelve mice were used for this experiment, each 
animal being exposed to each dose of each drug for one day, in a 
Latin Square design. 

*Significantly different from vehicle, p~-0.05, -:p<0.02. ~p<0.01 
(Wilcoxon matched-pairs signed-ranks test). 

saline. Flurazepam capsules (Roche) were dissolved in ().9c/¢ 
saline (0.15 mg/ml) and filtered to remove the filler. 

Methods were essentially the same as in the first experi- 
ment. but a more convenient cannulation procedure was 
used. Rather than implanting jewellers' screws, small plastic 
cannulas (PE-50, Clay-Adams) were implanted in an identi- 
cal position to a depth of 2 mm. Observations were per- 
formed in a large Lexan box 14x41 x55 cm, divided into 12 
equal-sized cubic compartments 13x 13x 13 cm. Each com- 
partment was sealed by a Lexan door held in place by a 
magnetic door catch. The walls between compartments were 
painted opaque with gray paint, but the front and back walls 
were left transparent. 

Mice were injected with either ACTH or /3-endorphin 
(ICV) followed immediately by benzodiazepines or saline 
(IP). On the following day drug and saline treatments were 
interchanged. For the chronic CDP treatment, mice were 
injected once daily for 5 days with CDP (5 mg/kg. IP) as 
described by File [7]. ACTH was administered ICV 15 min 
before CDP on Days 1 and 5. Behaviors were scored every 
30 sec from 15 through 60 min after the ICV injection. 

RESULTS 

Treatment with benzodiazepines at the same time as 
ACTH also failed to affect ACTH-induced grooming (Table 
2). Flurazepam (0.5 mg/kg, IP) did not alter ACTH-induced 
grooming. And DZP (0.2 mg/kg, IP) did not affect 
¢3-endorphin-induced grooming. Neither drug affected the 
moving or quiet scores in these tests. 

Also. since File [6] had found opposite effects of CDP 
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T A B L E  2 

EFFECTS OF TREATMENT WITH BENZODIAZEPINES ON ACTHt_zc 
OR B-ENDORPHIN-INDUCED GROOMING 

Median 
Percentage 

Treatment Score 

ICV IP n G M Q 

ACTHI-24 Saline 12 53 38 8 

Flurazepam 12 53 35 7 
(0.5 mg/kg) 

/3-Endorphin Saline 12 44 41 II 

DZP 12 49 41 7 
(0.2 mg/kg) 

Mice were injected ICV with e i the r  ACTH,_~., (I /zg) or 
/3-endorphin (0.3 ~zg) immediately followed by a benzodiazepine or 
saline. Behaviors were scored every 30 sec from 15 to 60 rain follow- 
ing injection as described in the text. Saline- and benzodiazepine- 
treatments were reversed on the following day in each experiment. 
Combined data are presented from both days. The benzodiazepine 
treatments did not significantly alter any of the behavioral scores. 

T A B L E  3 

EFFECTS OF CHRONIC CHLORDIAZEPOXIDE ON ACTH-INDUCED 
GROOMING 

Median Percentage 
Grooming Score 

15-30 min 30-45 min 45-60 min 

Day 1 53 47 53 
Day 5 57 53 60 
Day 6 43 43 50 

Chlordiazepoxide (CDP) was administered (5 mg/kg, IP) on Days 
I through 5 but not Day 6, 30 min after ICV ACTH~ z4 on Days I and 
5. No significant differences in grooming scores were observed 
(n=7). 

admin i s t e r ed  acu te ly  or  chron ica l ly  in the  social  in te rac t ion  
test .  we s tudied  the  effect  on  A C T H - i n d u c e d  g rooming  of  
ch ron ic  CDP,  in the  dose  and  schedu le  used  by File. T h e r e  
were  no s ignif icant  d i f fe rences  (Table  3) in the  grooming ,  
mov ing  and  quiet  sco res  be t w een  Days  I, 5 and  6. 

These  resu l t s  indica te  tha t  b e n z o d i a z e p i n e s  do not affect  
A C T H -  o r / 3 - e n d o r p h i n - i n d u c e d  g rooming ,  at least  at doses  
tha t  do not  d e c r e a s e  l o c o m o t o r  act iv i ty .  

E X P E R I M E N T  3: E F F E C T S  O F  B E N Z O D I A Z E P I N E S  
ON N O V E L T Y - I N D U C E D  G R O O M I N G  

METHOD 

No surgery  was  pe r fo rmed  but  mice  were  housed  individ- 
ually. Behav io r s  were  scored  in the  m u h i c o m p a r t m e n t e d  
L e x a n  box desc r ibed  above ,  in a quie t  room wi th  a dim light 
(50 W light bulb ,  at  a d i s t ance  of  1.5 m) and  a " w h i t e - n o i s e ' "  
g e n e r a t o r  (75 dB).  

T A B L E  4 

EFFECTS OF BENZODIAZEPINES ON NOVELTY-INDUCED 
GROOMING 

Median 
Percentage Score 

Experiment Grooming Moving Quiet 

1. Saline 45 43 11 
CDP (2 mg/kg) 27~,: 59-: I1 

2. Home-cage 2-: 88~ 3 
Saline 48 34 16 
CDP (5 mg/kg) 29- 36 34- 

3. Saline 56 36 12 
DZP (0.5 mg/kg) 26- 27+ 41- 

4. Day 0 INo injection) 57 41 9 
Day I (CDP) 14+ 28 47- 
Day 5 (CDP) 22* 27 40 
Day 6 (No injection) 30¢ 39 38 

Experiments 1-3: Mice (n : 12) were scored for 60 min following 
placement in the novel box. ChlordiazeIx~xide, diazepam or saline 
was administered 10 min before this. All grooming scores in the 
novel box were significantly greater than in the home cage. 

*Significantly different from saline (p<O.05, +p<0.02, -p<0.01, 
Wilcoxon matched-pairs signed ranks test). 

Experiment 4: Mice (n=9) were scored from 60 min following 
placement in the novel box. CDP was injected on Days 1 to 5 but not 
Day 6 10 min before behavioral testing. Animals were not placed in 
the novel box on Days 2-4. 

*Significantly different from Day 0, p~O.05, +pc0.02, :~:p<0.0l. 

Procedure 

In E x p e r i m e n t s  I -3 ,  b e n z o d i a z e p i n e s  or  vehic le  were in- 
j ec t ed  10 rain before  the  mice were  p laced in the  "novel box." 
On the next  day,  the drug and  vehicle  g roups  were  inter- 
changed .  In E x p e r i m e n t  4, CDP (5 mg/kg) was in jected for 
five success ive  days ,  s ta r t ing  on Day I. Behav io r s  were  
scored  on Days  0, I, 5 and  6, s tar t ing 10 rain af te r  the IP 
in ject ion on Days I and 5. In all e x p e r i m e n t s ,  behav io r s  were  
scored  for  45 min,  c o m m e n c i n g  immedia te ly  af ter  the  
an imals  were  p laced in the "novel box." 

RESUI,TS 

The  resul t s  (Table  4) c lear ly  s h o w e d  that  whe reas  mice 
t rea ted  with sal ine s h o w e d  a marked  increase  in g rooming  in 
the novel  box  o v e r  tha t  o b s e r v e d  in the  home  cage,  the in- 
c r eased  g rooming  was  signif icant ly d e p r e s s e d  by pre t rea t -  
men t  with  CDP or  DZP.  At  2 mg/kg CDP,  l ocomoto r  act ivi ty  
was  increased ,  while g rooming  was  dec reased ,  whe reas  at 5 
mg/kg g rooming  was dec rea sed  and qu i e scence  increased  
while l o c o m o t o r  ac t iv i ty  was unchanged .  These  da ta  indicate  
a se lec t ive  effect  of  CDP  on grooming.  Similar ly 0.5 mg/kg 
DZP  dep re s sed  g rooming  and  increased  bo th  quiet  and mov-  
ing scores .  L o w e r  doses  of  DZP  (0.2 mg/kg) gave var iable  
resul ts .  

The  resul ts  ob ta ined  with chron ic  CDP  (Expe r imen t  4) 
were  very  s imilar  to those  o b s e r v e d  with acute  CDP.  Day I 
is equ iva len t  to an acu te  e x p e r i m e n t ,  and  g rooming  scores  
were  dec rea sed  as before .  On Day 5 the data  were  a lmos t  
ident ical .  On Day 6, w h e n  the mice did not rece ive  CDP,  
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grooming  scores  were  inc reased  re la t ivc  to Days 1 and  5. 
The  g rooming  score  on Day 6 is lower  than  Day 0, p robab ly  
because  the  an imal s  had  hab i tua t ed  to the  novel  box  [1,3]. 
These  resul t s  are c o n s i s t e n t  with  the idea tha t  ben-  
zod iazep ines  dec rea se  s t r e s s - induced  re lease  of  A C T H .  and 
p r e s u m a b l y / 3 - e n d o r p h i n .  

G E N E R A L  D I S C U S S I O N  

W h e r e a s  b e n z o d i a z e p i n e s  inc rease  in te rac t ion  in a social 
in te rac t ion  test  of  anx ie ty ,  A C T H  d e c r e a s e s  in t e rac t ions  and  
this  effect  can  be p r e v e n t e d  by  ch ron ic  t r e a t m e n t  with  
ch lo rd i azepox ide  [6,7]. A func t iona l  a n t a g o n i s m  is also 
sugges ted  by the repor t  tha t  CD P  a t t e n u a t e d  the  abil i ty of  
A C T H  to inhibi t  s p o n t a n e o u s  neura l  ac t iv i ty  in the cor-  
t icomedia l  amygda l a  [14]. And,  tha t ,  w h e r e a s  ch ron ic  C D P  
t r e a t m e n t  e l eva t ed  the  c o n t e n t  of  s e ro ton in  (5-HT) and de- 
c r eased  the  con ten t  of  5 -hyd roxy indo leace t i c  acid (5 -HIAA,  
the ma jo r  5 -HT metabol i t e )  in rat h y p o t h a l a m u s ,  midbra in  
and  ce rebra l  co r t ex .  A C T H  increased  the 5 - H I A A  con ten t  of  
midbra in  and  h y p o t h a l a m u s  [71. A C T H  also an t agon ized  the 
f l u r azepam- induced  inc reases  in s p o n t a n e o u s  and  d e c r e a s e s  
in K - - i n d u c e d  [3H]5-HT re lease  f rom sl ices of  a m y g d a l a  [14]. 

The  inabil i ty  of  ch lo rd i azepox ide ,  d i a z e p a m  or  flur- 
a z e p a m  to a n t a g o n i z e  A C T H -  or  / 3 - e n d o r p h i n - i n d u c e d  
g rooming  ind ica tes  tha t  b e n z o d i a z e p i n e s  have  little or  no 
affinity for w h a t e v e r  r ecep to r  the pept ides  act upon  to elicit 
g rooming .  It also sugges ts  tha t  the func t iona l  an t agon i sm 
b e t w e e n  the b e n z o d i a z e p i n e s  and A C T H  is not  universa l .  
T h e r e  is ample  e v i d e n c e  for the  ex i s t ence  in the bra in  of  
mult iple  r ecep to r s  for A C T H  [4, 12, 20]. 

Benzod i azep ine s  have  been  sugges ted  to act  as anxioly t ic  
agen ts  by an tagon iz ing  the anx iogen ic  ac t ions  o f  A C T H  
[6,7]. G r o o m i n g  is of ten  d i sp layed  in s t ressful  or  confl ict  
s i tua t ions  [5, I0, 13] and  may thus  reflect  the  re lease  of  

A C T H  [3]. The  failure of  the b e n z o d i a z e p i n e s  to an tagon ize  
the  grooming-e l ic i t ing  ac t ion  of  A C T H  suggests  e i ther ,  that  
g rooming  is not  a man i fe s t a t ion  of  the anx iogenic  ac t ions  ol 
A C T H ,  or  that  the b e n z o d i a z e p i n e s  act  se lec t ively  to antag- 
on ize  only  cer ta in  c o m p o n e n t s  of  the anx iogenic  ac t ions  of 
A C T H .  

Al though  we hypo the s i ze  tha t  A C T H  and /o r / 3 - endo rph in  
re leased  into the brain  in r e sponse  to nove l  s t imula t ion  ac- 
t iva tes  the  inc reased  g rooming  o b s e r v e d  in this  s i tuat ion [3], 
we do  not  know the origin of  the pept ides .  They  could arise 
e i the r  f rom cent ra l  op iocor t in  neu rons  [19]. or  f rom the 
an t e r io r  pi tui tary by re t rograde  t r anspor t  [17]. The  data  on 
the  ef fec ts  of  h y p o p h y s e c t o m y  on nove l ty - induced  g rooming  
are conf l ic t ing  [3,15] but ,  even  were  they  not ,  hypophysec -  
tomy p roduces  so many  changes  in an  an imal  tha t  the resul ts  
could not  be  conc lus ive .  Because  b e n z o d i a z e p i n e s  reduce  
the p i tu i tary  sec re t ion  of  A C T H  in r e sponse  to s t ress  [16]. 
and it is l ikely tha t  free c e r e b r a l / 3 - e n d o r p h i n  inc reases  dur- 
ing s t ress  [4], we expec t  tha t  the  a p p e a r a n c e  of  A C T H  and 
/3-endorphin  in the ce rebra l  ex t race l lu la r  fluid will increase  
dur ing  s t ress ,  and  that  the  inc rease  will be a t t enua t ed  by 
benzod i azep ine s .  Thus ,  b e n z o d i a z e p i n e s  would dec rea se  the 
a p p e a r a n c e  of  A C T H  and /3-endorphin  in the  bra in ,  and 
hence  the  g rooming  response .  Our  da ta  are cons i s t en t  with 
this  i n t e rp re t a t ion  so tha t  they provide  some suppor t  for the 
hypo thes i s  that ,  dur ing  mild s t ress ,  A C T H  a n d / 3 - e n 0 o r p h i n  
are re leased  into the  bra in ,  and act on it to induce  grooming.  
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