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How important is the intrinsic activity of benzodiazepine 
receptor ligands in the behavioral amelioration of 
hepatic encephalopathy? 

Hepatik ensefalopatinin düzelmesinde benzodiazepin reseptör ligandlarının 
aktivitesinin önemi nedir? 
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ÖZET: Hepatik ensefalopatide varlığı ileri sürülen art
mış gamma aminobütirik asit(GABA)erjik tonüs, çeşitli 
dokulardaki yüksek düzeydeki 'endojen' benzodiazepin 
reseptör (BZR) ligandlarına bağlı olabilir. BZR antago
nistleri ile deneysel hepatik ensefalopatide elde edilen 
olumlu etkiler bu hipotezi kuvvetle desteklemektedir. 
Bununla birlikte son zamanlardaki yayınlarda sadece 
invers agonist özellik taşıyan BZR antagonistlerinin et
kili olduğu, buna karşılık 'pür' BZR antagonistlerinin 
etkisiz olduğu belirtildi. Teorik olarak invers agonist 
bir ligand nötral GABAerjik tonüsü de düşürür, bu da 
hepatik ensefalopatide gözlenen etkinin hastalığa özgü 
olmayabileceğini akla getirir. Eğer BZR antagonisteleri 
ile hepatik ensefalopatide gözlenen düzelme sadece bu 
ligandların invers agonist özelliklerine bağlı ise, bu int
rensek aktivite nötral GABAerjik tonüs şartlarında sı
çanlarda azalmış motor aktiviteyi arttırmalıydı. Bu dü
şünceden yola çıkılarak intrensek aktivite profilleri 
farklı üç BZR antagonistinin, nötral GABAerjik tonüste 
motor inaktivitenin mevcut olduğu, morfinle oluşturul
muş katalepsiye etkisi araştırıldı. Opiyat antagonisti 
nalokson'un katalepsiye ve üç BZR antagonistinin flu
nitrazepam ile oluşturulan sedasyona etkisi karşılaştır
ma için kullanıldı. Her üç BZR antagonisti kataleptik 
sıçanların motor inaktivitesine karşı etkisizdi. BZR an
tagonistleri ne ambulatuvar, ne stasyoner hareketlerde 
bir artışa yol açmadı. Nalokson katalepsiyi tamamen 
düzeltti ve her üç BZR antagonisti de flunitrazepam 'ın 
yol açtığı nörolojik tabloyu normale çevirdi. Sonuçlar, 
tek başına parsiyel invers agonist intrensek aktivitenin 
sıçanlarda motor aktiviteyi arttırmadığını ve BZR an
tagonistleri ile hepatik ensefalopatide elde edilen düzel
menin hastalığa özgü olduğunu göstermektedir. Ayrıca 
hepatik ensefalopatide BZR antagonistleri ile elde edi
len düzelmenin ligandların intrensek aktivitelerine 
değil fakat BZR antagonizmine bağlı olduğunu düşün
dürmektedir. 
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SUMMARY: The postulated increased gamma aminobu
tyric acid(GABA)ergic tane in hepatic encephalopathy 
may arise as a result of elevated levels of 'endogenous' 
agonist benzodiazepine receptor (BZR) ligands. Impor
tant support far this hypothesis comes (rom BZR antag
onist-induced ameliorations in experimental hepatic en
cephalopathy. However, recent studies in animal models 
of hepatic encepaphalopathy suggest that only BZR an
tagonists with inverse agonist properties improve hepat
ic encephalopathy whereas 'pure' BZR antagonists·have 
na effect. Theoretically, an inverse agonist ligand could 
decrease alsa a neutral GABAergic tane, raising the 
question of the specificity of the effect. If the behavioral 
improvement of hepatic encephalopathy by BZR antago
nists depend solely on their inverse agonist properties 
this intrinsic activity should increase motor activity in 
rats with diminished motor activity at neutral GABAer
gic tane. Hence, the effects of three BZR antagonists 
with different intrinsic activity profiles on morphine
induced catalepsy, a state of motor inactivity at neutral 
GABAergic tane, was investigated. The effects of the opi
oid antagonist naloxone on morphine-induced catalepsy 
and the effects of the three BZR antagonists on fluni
trazepam-induced sedation were evaluated far compari
son. All three BZR antagonists did not affect the motor 
inactivity of cataleptic rats. Neither ambulatory motor 
activity nar stationary movements increased after ad
ministration of BZR antagonists. Naloxone completely 
reversed the catalepsy, and all three BZR antagonists 
restored the flunitrazepam-induced decrased neurologi
cal score ta normal. The results indicate that partial in
verse agonist intrinsic activity per se do not increase 
motor activity in rats, and that ameliorations achieved 
with BZR antagonists in experimental HE are disease 
specific. The results further suggest that BZR antago
nist-induced improvements in HE may depend not on 
intrinsic activity of the ligands but on BZR antagonism. 

Key words: Hepatic encephalopathy, benzodiazepine 
receptor ligands 



328 

THE gamma-aminobutyric acid (GABA) hypothe
sis of the pathogenesis of hepatic encephalopathy 
(HE) suggests that an increased GABAergic tone 
is at least partially responsible for the neural in
hibition of HE (1). Elevated levels of endogenous 
benzodiazepine receptor (BZR) hgands may con
tribute to an increased GABAergic tone (2-4). Im
portant support for this hypothesis comes from 
BZR antagonist-induced amehorations in human 
(5-7) and experimental HE (8-10). However, re
cent studies in animal models of HE suggest that 
only BZR antagonists with inverse agonist prop
erties improve HE whereas 'pure' BZR antago
nists have no effect (11, 12). Theoretically, an in
verse agonist ligand could decrease not only an 
increased but also a neutral GABAergic tone, 
raising the question of the specificity of the effect, 
especially if one considers the paucity of data 
linking GABA itself (13-16) or its receptor (14, 17) 
to an increased GABAergic tone in HE. 

Studies demonstrating amehorations of HE in an
imal models of HE largely depend on quantifica
tion of motor activity of rats in animal activity 
meters (6-8). If the behavioral improvement of HE 
by BZR antagonists depend solely on their inverse 
agonist properties it should be possible to in
crease the motor activity of rats with a neutral 
GABAergic tone at a state of diminished motor 
activity, such as morphine-induced catalepsia, 
with BZR hgands possessing inverse agonist in
trinsic activity. Therefore, the effects of a pure 
BZR antagonist, flumazenil, two BZR antagonists 
with inverse agonist properties, Ro 15-3505 and 
Ro 15-4513, on morphine-induced catalepsia was 
explored in this study. Furthermore, the effect of 
the opioid antagonist naloxone on morphine
induced catalepsia and the effects of the three 
BZR antagonists on flunitrazepam-induced seda
tion were investigated for comparison. 

MATERIAL and METHODS 

Adult male Sprague-Dawley rats weighing 200-
300g were used in the study. Rats were fed with 
standard rat chow diet ad hbitum, allowed free 
access to water, and housed in standard facilities 
with a 12 h day/night eyde at a room temperature 
of 20°c. 

Catalepsia was induced by the administartion of 
80mg/kg morphine sulphate intraperitoneally 
(i.p.). A sedation state was induced in rats with 
i.p. application of 5mg/kg flunitrazepam. After ad
ministration of flunitrazepam rats were tested
neurologically according to Bures et al (18). Neu
rological testing is based on examination of 14 dif-
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ferent reflexes including pain, grasping, position, 
and corneal reflexes where every positive reflex is 
represented by one point; thus a normal rat has a 
score of 14 points. 

Study Design 

Effect of three BZR antagonists and the opi
oid antagonist naloxone on catalepsia: 

The effect of three BZR antagonists, flumazenil, 
Ro 15-3505, Ro 15-4513 and the opioid antagonist 
naloxone on catalepsia was evaluated by quanti
tating changes in motor activity of rats. Motor ac
tivity of single rats was determined using an open 
field activity monitor (Opto-Varimex Minor, Co
lumbus Instruments, Columbus, OH). This device 
is based on the the number of interruptions of a 
grid of infrared beams placed lem apart by freely 
moving rats (ambulatory movements) or by head 
shakes, whisker twitches ete. (stationary move
ments) . Results are expressed as number of beam 
interruptions (counts) per 10 minutes. Each rat 
was tested twice in the open field. Animal activity 
was monitored for 10 minutes before and for an
other 10 minutes after administration of the par
ticular drug or its vehicle. Flumazenil, Ro 15-
3505 and Ro 15-4513 were administered at a dose 
of lümg/kg and naloxone at a dose of lmg/kg. 

Effect of BZR antagonists on flunitrazepam
induced sedation: 

After administration of 5mg/kg flunitrazepam 
rats were tested neurologically. Neurological test
ing was repeated 5 minutes after administration 
of 10 mg/kg of flumazenil or Ro 15-3505 or Ro 15-
4513. 

Materials 

Ro 15-3505 was a gift from Dr. Peter Sorter (Hoff
mann-LaRoche, Nutley, NJ) and naloxone was a 
gift from Dr. Kenner Rice (N ational Institute of 
Arthritis, Diabetes and Digestive and Kidney Dis
eases, National Institutes of Health). Ro 15-4513 
and flumazenil were purchased from Research Bi
ochemicals Inc. (N atick, MA). Flunitrazepam and 
morphine sulfate was purchased from Sigma 
Chemical Co. (St. Louis, MO). Flunitrazepam, flu
mazenil, Ro 15-3505 and Ro 15-4513 were dis
solved in a 3% Tween solution with sahne. Morpi
hine sulfate and naloxone were dissolved in 
sahne. 

Statistics 

Comparison between predrug and postdrug exam
ination periods were performed with the Stu
dent's t test. 
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Figure 1. Effect of three BZR antagonists and the opioid re
ceptor antagonist naloxone on ambulatory movements ın mor
phine sulfate-induced catalepsy. 

RESULTS 

Flumazenil, Ro 15-3505, Ro 15-4513, naloxone 
and their vehicles had no effect on ambulatory or 
stationary movements of control rats. Catalepsia 
developed in rats after 1 to 30 minutes of admin
istration of 80mg/kg morphine sulfate. All three 
BZR antagonists used in this study did not affect 
the motor inactivity of cataleptic rats . Neither 
ambulatory motor activity (fig. 1) nor stationary 
movements (fig. 2)increased after administration 
of the three BZR antagonists. Vehicle 1 (sahne) 
and vehicle 2 (3% Tween solution) had also no ef
fect. In contrast, lmg/kg naloxone, as expected, 
completely reversed the catalepsia (figure 1). 

After administration of 5mg/kg flunitrazepam 
rats developed marked ataxia, and at examina
tion according to Bures et al (13) a decreased neu
rological score was noted (10.2±0.3, x±SEM, n:15). 
Rats immediately returned to normal after treat
ment with flumazenil, Ro 15-3505 and R0 15-
4513 (figure 3). 

DISCUSSION 

In this study, neither a 'pure' BZR antagonist, flu
mazenil, nor two BZR antagonists with inverse 
agonist properties, Ro 15-3505 and Ro 15-4513, 
were able to improve the cataleptic state of rats 
induced by morphine sulfate. This underlines 
once again the specificity of BZR antagonist
induced ameliorations of HE in animal models of 
HE as has been demonstrated by the ineffective
ness of BZR antagonists in uremic encephalopa
thy (8) . 

With almost no intrinsic activity, the 'pure' BZR 
antagonist flumazenil is not expected to improve 
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Figure 2. Effect ofthree BZR antagonists on stationary move
ments in morphine sulfate-induced catalepsy. 

motor inactivity at neutral GABAergic tone. Ro 
15-3505 has only slight partial inverse agonistic 
intrinsic activity (19, 20) which may not be 
enough to decrease GABAergic tone sufficiently to 
culminate in neural excitation. Ro 15-4513, with 
its more pronounced inverse agonistic activity 
compared to Ro 15-3505 (19-21) would have been 
expected to induce a decreased GABAergic tone 
reflected clinically by neural excitation. This was 
not seen since Ro 15-4513 too, had no effect on 
the motor inactivity of cataleptic rats. In contrast, 
lmg/kg naloxone totally abolished the cataleptic 
state excluding the possibility that the rats were 
too sick to responde. In addition, all three BZR 
antagonists restored the flunitrazepam-induced 
decreased neurological score to normal. 

These observations suggest that the intrinsic ac
tivity of BZR ligands do not lead to non-specific 

14 
13 

12 
11 

2:: 10 
o 

ci5 9 
'i 8 

"6'.o 7 

'ô 6 .. 
;:I 5 
� 4 

3 

2 

o 

O Predrug 

Postdrug 

Vehicle 
n=5 

Flumazenil 
n=5 

Ro 15-3505 Ro 15-4513 
n=5 n=5 

Figure 3. Effect ofthree BZR antagonists on flunitrazepamin
duced sedation. 
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increases in motor activity of rats. Hence, the 
most likely explanation of a behavioral ameliora
tion in rats with HE by BZR antagonists may not 
be their intrinsic activity but their ability to dis
place agonist BZR ligands from their receptors. 
Recently, two studies questioned the roles of en
dogenous BZR ligands contributing to the pa
thophysiology of HE in the thioacetamide rat (22, 
23). In the neurochemical study by Widler et al 
(22) no difference of BZR ligand levels was found
between control and HE rats with a radioreceptor
assay. A major critique to the study was the differ
ent extraction technique they used which may
have interfered with their results (24, 25). In the
behavioral study by Püspök et al (23) a pure BZR
antagonist, Ro 14-7437, in contrast to Ro 15-4513,
had no effect on HE. In addition, Ro 14-7437
blocked the beneficial effect of Ro 15-4513 on HE.
They concluded that agonist BZR ligands do not
contribute to the increased GABAergic tone of HE
in the thioacetamide rat model but interestingly,
DM CM (methy 1-6, 7 -dimethoxy-4-ethy 1-B-carboline
3-carboxylate), a full inverse agonist, was also in
effective in HE. It is conceivable that in HE par
tial inverse agonist activity may restore the in-
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