
Pharmacology Btochemlsto &Behavtor, Vol 20, pp 845-847, 1984 © Ankho International lnc Pnnted m the U S A 0091-3057/84 $3 00 + 00 

Relationships Between Hyponeophagia, 
Diazepam Sensitivity and 

Benzodiazepine Receptor Binding 
in Eighteen Rat Genotypes 

R. A. S H E P H A R D ,  1 H. F. J A C K S O N ,  z P. L. B R O A D H U R S T  

Depar tmen t  o f  Psychology,  University o f  Birmingham 

A N D  

J. F.  W. D E A K I N  3 

National  Institute for  Medtcal  Research,  Mill Hill, London 

Rece ived  4 N o v e m b e r  1983 

SHEPHARD, R. A ,  H. F. JACKSON, P L BROADHURST AND J F W. DEAKIN. Relanonahtp~ between 
hyponeophagza, dtazeparn ,sensttlvtty and benzodtazeptne receptor btndmg tn eighteen rat genotype,~ PHARMACOL 
BIOCHEM BEHAV 20(6)845-847, 1984 --Rats of 18 genotypes derwed from the selected Roman stratus were tested for 
hyponeophagla in a control condition and following dlazepam (1 mg/kg) Subsequently, benzodlazeplne receptor binding 
was measured in the cortlcal/strlatal region. Hyponeophagla m the control condition correlated strongly with dlazepam 
sensiuvlty, but benzodlazepine receptor tltres did not correlate significantly with either control behavior or drug respon- 
SlVlty. These findings are discussed m the contexts of the arousal hypothesis of hyponeophagla and of postulated relation- 
ships between benzodmzepme receptors and emotlonallty 

Hyponeophagla Dlazepam Benzodlazepme receptors Genotype Rats 

THAT benzodiazepine receptor binding in several brain re- 
gions correlates negatively with emotional defecation in the 
open field has been suggested on the basis of studies with the 
Maudsley strains of rats [8] and inbred strains of mice [7]. 
Moreover, in the Roman strains of rats, which differ in 
open-field defecation [2], in inhibition of feeding due to 
novelty or hyponeophagia and in diazepam sensltwity [9,12] 
this relationship between emotionality and benzodlazepine 
receptors was supported by greater binding in the less emo- 
tional Roman High Avoidance strain than in Roman Low 
Avoidance rats in all brain regions tested [3]. This result was 
also found in other work, but benzodlazeplne binding was 
lower still in the behaviorally-intermediate Roman Control 
Avoidance strain [13]. Since the largest of these correlational 
studies employed only four genotypes [7], none of them 
permit any statistical test of this postulated relationship 

The arousal hypothesis of hyponeophagla [ 10,11] predicts 
that subjects with high arousal levels will show strong 
hyponeophagia and also greatest sensitivity to treatments 
(including drugs) affecting arousal, since they wilt be at an 
extreme point on the inverted-U curve where the slope is 

steep. These predictions have been supported by data from a 
number of pharmacological treatments [9, 10, 11] and also 
for the Roman strains [9,12]. However, the results cited also 
lack a statistical test of the putative correlation between con- 
trol behavior and drug sensitivity 

The present communication reports results from 18 rat 
genotypes which permit both of these hypotheses to be 
tested in a statistically satisfactory way. 

METHOD 

A total of 288 rats comprising equal numbers of males and 
females were used for the hyponeophagla tests. They were 
composed of equal numbers of the parental Roman strains (3 
genotypes), reciprocally-bred Ft 's  (6 genotypes) and non- 
reciprocally-bred F : s  (3 genotypes) and backcrosses (6 
genotypes). Half of these subjects, randomly chosen but also 
comprising equal numbers of each genotype and sex were 
used for the benzodiazepine receptor assays. 

Hyponeophagia tests used experimentally naive subjects 
at 79.7_+(SD) 3.4 days of age and measured the food-directed 

1Present address for reprints School of Psychology, Ulster Polytechnic, Newtownabbey, N Ireland BT37 OQB. 
2Present address. Department of Climcal Psychology, Umverslty of Liverpool 
3Present address' Department of Psychiatry, University of Manchester. 

845 



846 SHEPHARD, JACKSON, BROADHURST AND DEAKIN 

TABLE l 

CORRELATIONS OF HYPONEOPHAGIA AND DIAZEPAM 
SENSITIVITY WITH BENZODIAZEPINE RECEPTOR BINDING 

(SPEARMAN S RHO N= 18) 

Condition 

Control Dmzepam Difference 

Measure 
Approach latency 0 067 0 148 0 009 
Eating latency +0 020 -0  053 +0 038 
Amount eaten -0  041 -0  125 -0  057 

Note all correlations are non-significant 

TABLE 2 
CORRELATIONS BETWEEN BEHAVIOUR IN DRUG CONDITIONS 

(SPEARMAN'S RHO. N -  18) 

Comparison 

Control/ Control/ Dmzepam/ 
Dlazepam Difference Difference 

Measure 

Approach ~-0 716, +0 968T- +0 539" 
latency 

Eating +0 826+ +0 9554 +0 683+ 
latency 

Amount ~0 871] 0 6184 -0  268 
eaten 

Note significant at ~=5% level, ,= 1% level, : -0  1% level 

behavior of 23 hr deprived, meal-fed rats in a novel environ- 
ment following either dlazepam (1 mg/kg), a dose which 
produced maximal effects on hyponeophagla [9,11] sus- 
pended in 1% Tween, 0.9% NaCl or a control injection (2 
ml/kg). Injections were IP, 30 mln prior to testing. An ap- 
proach latency, eating latency and amount eaten were re- 
corded in a 10 min period, the method being described fully 
elsewhere [11]. Results for approach latency, eating latency 
and amount eaten are reported for the present 18 genotypes 
m the control condition and following diazepam (1 mg/kg) 
administration. The difference between control and di- 
azepam means gave a measure of the responslvlty of each 
genotype to the drug.Approximately four months after 
hyponeophagia testing subjects were stunned, decapitated 
and their brains were removed, frozen in sohd CO._, and 
transferred from Birmingham to London. Tissue from the 
cortical/striatal region, which shows highest benzodlazepine 
receptor binding, of individual subjects were homogenized in 
40 vol of TRI-HC1 buffer (pH--7 4) in a tight-fitting Potter- 
Elvehjem homogenizer The homogenates were centrifuged 
at 22,000 rpm for 20 rain, the liquid poured off and the cen- 
tlfugation repeated. The resulting P~ pellet was resuspended 
in 40 vol TRIS HC1 (pH 7.4) and specific (all) dlazepam 
binding was assayed by the filtration technique [1] A fixed, 
final concentration of 1.6 nM dlazepam was used m the de- 
terminations, which were performed in duplicate. Binding 
was expressed in fM/mg protein, protein assays were as de- 
scribed elsewhere [5] 

RESULTS 

ANOVA of the behavioral data showed significant 
(p <0.001) effects of genotype, diazepam and interaction be- 
tween these for all three measures [9] but no significant ef- 
fects of sex ANOVA of the benzodiazeplne receptor data 
showed significant effects of genotype (p<0.05), but no sig- 
nificant effect of sex, which is consistent with previous work 
[13] given the tissue used Consequently, sex was disre- 
garded in calculating the correlations between ben- 
zodlazeplne receptors and behavior given in Table 1, and the 
correlations between behavior in different drug conditions 
given in Table 2 Average specific benzodiazeplne receptor 
binding was 178 17 fM/mg protein. 

The negative correlations relating to the amount eaten 
measured in Table 2 are due to rats from relatively non- 
emotional strains eating such large amounts (up to 2 g in l0 

min) m the control condition that further increase was un- 
likely, a ceiling effect [9] which will not be a considered 
further. 

DISCUSSION 

The present genotypic variation m benzodlazeplne recep- 
tor binding appears to be uncorrelated with emotionality 
(first column of Table 1). These results agree with some data 
[13], conflict with others [7,8], but constitute the only statis- 
tical test of this hypothesis. A possible explanation of these 
discrepancies is that whereas in the present work and [13] 
hyponeophagla was used as the major index of emotionality, 
other reports use open field defecation scores [7,8]. How- 
ever, these two measures of emotlonahty are long known to 
lntercorrelate strongly [4] and, moreover, benzodlazeplne 
receptor binding in the present 18 genotypes does not corre- 
late significantly with either open field ambulation or defe- 
cation scores [5]. The use of tissue for several other 
biochemical assays [5] prevented us from performing 
Scatchard analyses, however, previous studies have shown 
strain differences m specific benzodiazepine binding to be 
due to receptor number, rather than affinity, differences. 
Likewise previous studies, including those of the Roman 
strains [3,13] have not shown strain differences in ben- 
zodlazeplne receptors to depend upon brain region. There- 
fore we suggest that reports of negative relationships across 
genotype between benzodlazepine receptors and emotional- 
lty [7,8] may be artifacts of the low numbers of genotypes 
and of subjects within genotype used 

Also noteworthy is the failure of benzodlazepine receptor 
binding to correlate with either hyponeophagia following 
dlazepam or diazepam responslvity (respectively columns 2 
and 3 of Table l). Since diazepam (1 mg/kg) largely obscured 
strain differences in hyponeophagla [9] the first finding is not 
surprising but the failure of specific benzodiazepine receptor 
binding to correlate with a direct measure of diazepam sen- 
sitlvity clearly raises the question of what biochemical 
paramaters dlazepam responsivlty does depend upon. The 
parental Roman strains differ with respect to GABA metab- 
olism [6] but present knowledge of the neurochemical events 
which follow stimulation of benzodiazepine receptors, and of 
genotyplc differences in these, do not justify further specu- 
lation. 

In relation to the latency measures, columns 1 and 3 of 
Table 2 respectively show that the 18 genotypes largely re- 
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ta in  the i r  o rde r ing  o f  con t ro l  h y p o n e o p h a g i a  w h e n  t r ea ted  
wi th  d i a z e p a m  (1 mg/kg),  and  tha t  those  g e n o t y p e s  showing  
larges t  l a t enc ies  u n d e r  d l a z e p a m  (and hence  genera l ly  a lso in 
the  con t ro l  condi t ion)  also show grea tes t  d rug  sensi t iv i ty .  
C o l u m n  2 of  Tab le  2 clear ly shows  d i a z e p a m  re spons lv i t y  to  
be s t rongly  pos i t ive ly  co r re l a t ed  wi th  con t ro l  behav io r .  This  
g rea te r  d l a z e p a m  sens i t iv i ty  in sub jec t s  o f  g e n o t y p e s  wi th  
s t ronges t  h y p o n e o p h a g l a  can  be  exp la ined  by  the  i n v e r t e d - U  
shaped  re la t ionsh ip  b e t w e e n  p e r f o r m a n c e  in this  pa rad igm 
and  c o n s t r u c t s  such  as a rousa l  [9, 10, l l ,  12]. W h e n  the  
n e u r o c h e m i c a l  p a r a m a t e r s  wh ich  p r e s u m a b l y  med ia t e  th is  
r e la t ionsh ip  are ident i f ied,  subs tan t ia l  p rogress  t owards  un-  
de r s t and ing  of  the  biological  bas is  o f  emot lona l i ty  and  anx-  

iety,  as well  as the  m e c h a n i s m  of  ac t ion  o f  b e n z o d i a z e p i n e s ,  
will h a v e  b e e n  made .  On p r e sen t  ev idence ,  specific ben-  
zod iazep ine  b ind ing  does  not  a p p e a r  to  p rov ide  this  l ink, bu t  
s tudies  o f  geno type  d i f fe rences  in sub-popu la t ions  of  ben-  
zod iazep ine  r ecep to r s  may  be  useful ,  p rov ided  tha t  suff icient  
geno types  are used  to pe rmi t  s tat is t ical  tes t s  of  the  pos tu-  
la ted re la t ionsh ips .  
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