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Abstract--Hexobarbital sleeping time is commonly used as an index of the activity of hepatic microso- 
real drug-metabolizing enzymes in animals. This report describes anomalies between hexobarbital sleep- 
ing time and the rate of metabolism m vitro by microsomal enzymes in rats after bile duct ligation 
(BDL). The duration of hexobarbital sleeping time, 2 24 hr after BDL, was approximately twice that 
of sham-operated controls. No significant decrease in the activity of microsomal aminopyrine demethy- 
lase, aniline hydroxylase, hexobarbital oxidase or the amount of cytochrome P-450 was detected during 
this period. A further prolongation of hexobarbital sleeping time was observed 48 72 hr after BDL, 
and this was accompanied by a significant impairment of drug metabolism in vitro. The effect of 
BDL on hexobarbital sleeping time was independent of the route of administration. Thiopental sleeping 
time was prolonged at 12 and 72 hr after BDL. Zoxazolamine paralysis time was prolonged at 72 
hr after BDL. but not at 12 hr. Plasma protein binding of hexobarbital and thiopental was not altered 
by hyperbilirubinemia. These data suggest that changes in drug metabolism are not responsible for 
the prolongation of hexobarbital sleeping time during the early phase of cholestasis caused by BDL. 

Hexobarbital is a moderately short-acting barbiturate 
whose hypnotic action is thought to be terminated 
by metabolism rather than by tissue redistribution 
I l l .  The genetic and environmental factors affecting 
the metabolism of hexobarbital by rodents and re- 
sponsiveness of rodents to hexobarbital have been 
studied in detail [2~4], and in most cases there is 
good correlation between the rate of metabolism of 
hexobarbital and the duration of loss of righting 
reflex after hexobarbital administration [5- 7]. Hexo- 
barbital sleeping time, therefore is used by a large 
number of laboratories as a simple adjunct to their 
methods of assessing liver microsomal mixed-function 
oxidase activity. However, factors other than metabo- 
lism may contribute toward termination of the action 
of a drug. Changes in hexobarbital sleeping time, 
therefore, should be interpreted with this in mind. 

A gradual decline in the activity of hepatic microso- 
real mixed-function oxidase has been reported [8] in 
extrahepatic cholestasis produced experimentally by 
bile duct ligation (BDL). This study reports a lack 
of correlation between hexobarbital sleeping time and 
drug metabolism in vitro during the early stages of 
BDL-induced cholestasis. 

M A T E R I A L S  A N D  M E T H O D S  

Male Wistar rats (200~300 g) were used throughout 
this study and were allowed food and water ad lib. 
After abdominal midline incision, the common bile 
duct was doubly ligated while under ether anaes- 
thesia. Sham-operated animals served as controls. At 
various times after surgery, drug metabolism was 
measured in vitro, and the pharmacological activity 
of barbiturates was assessed in vivo. 

ul,. 25,,14 (+ 

Assessment in ritro o f  drug metabolism. Animals 
were stunned, and then killed by exsanguination, 
Livers were perfused in situ via the portal vein with 
ice-cold saline. After removal, the livers were homo- 
genized with two to three times their weight of cold 
0.25 M sucrose containing 0.05 M Tris HCI buffer, 
pH 7.4, in a motor-driven Potter-Elvehjem homogen- 
izer. The homogenate was centrifuged for 20 rain at 
10,000 ,q and the resulting supernatant was centri- 
fuged for 1 hr at 105,000 ,q. The microsomal pellet 
was rcsuspended in cold 1.15°; KCI (buffered with 
0.01 M phosphate buffer, pH 7.4) and resedimented 
for 1 hr at 105,000 ~1. The washed microsomes werc 
finally resuspended in 5.0 ml of cold 1.151'o KC1. Mic- 
rosomal protein was measured by the method of 
Lowry et al. [9]. Microsomal cytochrome P-450 con- 
tent was determined from the carbon monoxide differ- 
ence spectrum of dithionite-reduced microsomes 
assuming a molar extinction difference of 91 cm t 
mM -1 between 450 and 490 nm [10]. Incubation 
media used for the determination of aniline hydrox- 
ylase and aminopyrine demethylase activities were as 
described by Schenkman et al. [11], except that semi- 
carbazide (4.1 raM) was used to trap formaldehyde 
produced by demethylation of aminopyrine. Formal- 
dehyde was estimated by the method of Nash [12], 
and the metabolic product of aniline hydroxylation, 
para-aminophenol,  was measured by a modified 
method of Imai et al. [13]. 

Microsomal hexobarbital oxidase activity was 
determined in a medium containing 0.05 M phos- 
phate buffer, pH 7.4, 1.33 mM hexobarbital, 0.33 mM 
NADP, 6.67 mM nicotinamide, 8 mM isocitrate and 
isocitric dehydrogenase (Sigma type IV) such that 0.4 
/lmole N A D P H  was generated/min/incubation at 37 ~. 
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Fig, I. Hexobarbital sleeping time in BDL rats. The 
shaded area represents the mean ± S. E. M. of control 
rats at various times after sham operation. Figures in par- 
entheses are the numbers of rats. A single asterisk indicates 
significant difference from controls (P < 0.001). A double 
asterisk indicates significant difference from controls (P < 

0.001) and from other groups (P < 0.01). 

The amount of unchanged hexobarbital was deter- 
mined by the method of Cooper and Brodie [14]. 

Assessment in vivo of pharmacological activity. Hex- 
obarbital-, thio-pental-, and zoxazolamine-induced 
loss of righting reflex was measured according to the 
technique described by Fouts [ 15]. Hexobarbital (125 
rag/ks) and zoxazolamine (80 mg/kg) were adminis- 
tered intraperitoneally. Intravenous injections of hex- 
obarbital (50 mg/kg) and thiopental (20 mg/kg) were 
done via a tail vein. The time between the loss and 
spontaneous regaining of the righting reflex was 
regarded as being the duration of pharmacological 
activity. 

R E S U L T S  

The effects of BDL on hexobarbital sleeping time 
after intraperitoneal injection are shown in Fig. I. 
Loss of righting reflex occurred within 4 mira and 
there was no difference between sham-operated and 
BDL rats in the onset of hexobarbital-induced nar- 
cosis. 
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Fig. 2. Effect of BDL on microsomal hexobarbital oxidase 
activity. Bars represent the mean ± S. E. M. An asterisk 
indicates significant difference from controls (P < 0.0011. 

However, as early as 2 hr after BDL, there was 
a significant increase in hexobarbital sleeping time 
which remained at a constant level for the first 24 
hr. At 48 and 72 hr after BDL, there was a further 
significant increase in sleeping time. 

The changes in microsomal cytochrome P-450 con- 
tent, aniline hydroxylase and aminopyrine demethy- 
lase activities (Table 1) are similar to those reported 
by Schaffner et al. [8] and contrast the results in vivo 
in Fig. 1. There was a gradual decline in metabolism 
in vitro and cytochrome P-450 up to 24 hr after BDL, 
but it was not until 48 hr that the decrease became 
significant. At 48 hr metabolism was approximately 
70 per cent of the respective controls; this decreased 
to 35 per cent 8 days after BDL. To ensure that the 
early change in sleeping time was not due to a specific 
decrease in hexobarbital metabolism, the microsomal 
oxidation of hexobarbital was measured 12 and 72 
hr after BDL (Fig. 2). There was no significant differ- 
ence between the hexobarbital oxidase activity of mic- 
rosomes obtained from sham-operated control ani- 
mals and those that had been ligated for 12 hr. Seven- 
ty-two hr after BDL, the microsomal activity was sig- 
nificantly lower than control values. Hence, the initial 
increase in hexobarbital sleeping time cannot be attri- 

Table 1. Effect of BDL on microsomal drug metabolism* 

Aniline hydroxylase Ammopyrine demethylas~2 
Time after BDL Cytochrorne P-450 (nmoles PAP formed/rag (nmoles H C H O  formed/rag 

(hr) (nmoles/mg microsomal protein} microsomal protein/rain) raicrosomal protein/rain) 

Control BDL (';i) Control BDL (!IL) Control BDL (!!,) 

2 105 + 0.03 1.03 ± 0.06 98.5 1.06 + 0.02 I.I)9 ± 0.03 1026 7.69 ± 041 783 ± 0.39 10t.8 
12 1.02 + I).03 0.95 ± 0.02 92.9 0.87 ± 0.04 0.79 ± 0.03 91.7 6.30 + 016 5.77 ± 0.10 91.6 
24 0.96 + 0.02 0.88 + 0.1)2 91.9 0.87 ± 003 0.78 ± 0.02 90.2 6.49 + 0.07 5.99 ± 0.20 92.3 
48 0.94 ± 0.01 073 + 0.05+ 77.0 0.83 ± 0.04 0.57 + 0.05+ 69.1 6.83 ± 0.32 5.11 + 0.45+ 748 
72 1.09 + 0.04 0.61 ± 0.0+ 56.1 0.82 ± 0.01 0A5 ± 0.02~. 55.0 6.01 + 0.19 330 ± 0.22+ 54.9 

8 Days 1.25 + 0.04 0.47 + 0.07+ 378 0.98 + 0.08 0.36 ± 0.06, ~ 36.7 7.72 ± 0.74 2.55 +0.64 + 3~.0 

* Values are mean 4- S. E. M. for groups of four rats in each case. 
+ Significantly different from control (P < 0.05). 
++ Significantly different from control (P < 0.01). 
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Fig. 3. Effect of BDL on hexobarbital sleeping time after 
intra-peritoneal (125 mg/kg) or intravenous (50 mg/kg) 
administration. Bars represent the mean _+ S. E. M. A 
single asterisk indicates significant difference from controls 
(P < 0.001). A double asterisk indicates significant differ- 
ence from controls (P < 0.001) and from 12-hr BDL (P 

< 0.05). 

buted to a decrease in microsomal enzyme activity. 
The early prolongation of sleeping time was inde- 

pendent of the route of administration of hexobarbital 
(Fig. 3). BDL for 12 hr increased the duration of 
sleeping time 74 and 87 per cent after intraperitoneal 
and intravenous injections of hexobarbital; BDL for 
72 hr caused an increase of 368 and 223 per cent 
respectively. 

Hexobarbi ta l - ,  t h iopen ta l -  and z o x a z o l a m i n e -  
induced loss of righting reflex was measured in ani- 
mals whose drug metabolism had been induced with 
phenobarbitone or inhibited by SKF-525A (Table 2). 
As anticipated, phenobarbitone pretreatment signifi- 
cantly decreased the duration of action of hexobarbi- 
tal and zoxazolamine, while SKF-525A significantly 
prolonged their action. Although SKF-525A had no 
effect on thiopental anaesthesia, phenobarbitone pre- 
treatment produced a small but significant decrease; 
this was probably due to changed distribution of thio- 
pental caused by increased liver size and increased 
hepatic blood flow. These data support the hypothesis 
that the pharmacological action of thiopental is ter- 
minated mainly by tissue redistribution and is rela- 
tively independent of the activity of the mixed-func- 
tion oxidase system [16]. 

The effects of 12 and 72 hr BDL on thiopental 
sleeping time and zoxazolamine paralysis time are 
shown in Fig. 4. Changes in thiopental sleeping time 
closely followed the changes seen in hexobarbital 
sleeping time. There was a significant increase 12 hr 
after BDL, which was followed by a further increase 
at 72 hr. The effect of BDL on zoxazolamine paralysis 
time was different from the effects on barbiturate sleep- 
ing time. Paralysis time in animals that had been 
ligated for 12 hr was the same as in sham-operated 

Table 2. Effect of phenobarbitone and SKF-525A on hexo- 
barbital-, zoxazolamine- and thiopental-induced loss of 

righting reflex* 

Hexobarhital Zoxazolamine Thiopcmal 

Control 26.7 + 2. l (5) 229 + 9 (23) 25.8 _+ 3.0 {12) 
SKF-525A 1317 + 173+ (8) 508 + 12¢ (5) 34,2 + 3.7 (12) 
Phenobarbitone 12.5 + 0,9': (6) 74 + 10¢ {5} 17.2 ± 2,()+ + (12) 

*Animals were pretreated with phenobarbitone (60 
mg/kg, i.p.) for 3 days or given SKF-525A (25 mg/kg, i.p.) 
40 min before hexobarbital (125 mg/kg, i.p.), zoxazolamine 
(80 kg/kg, i.p.) or thiopental (25 mg/kg, i.v.). Values rep- 
resent the mean loss ± S. E. M. of the righting reflex 
in min for each treatment group. Figures in parentheses 
represent the number of animals in each group. 

¢ Significantly different from controls (P < 0.001). 
++ Significantly different from controls (P < 0.05). 

controls, but was significantly prolonged by 72-hr 
BDL. 

During BDL, there was a marked rise in serum 
bilirubin levels. Bilirubin is extensively protein bound, 
and the possibility of competitive displacement of the 
barbiturates from binding sites was investigated. The 
results are presented in Table 3. Plasma protein bind- 
ing of thiopental (approximately 90 per cent) or hexo- 
barbital (approximately 60 per cent) was unaffected 
by the bilirubin which accumulated after BDL. The 
lack of displacement of barbiturate by bilirubin may 
be due to the large number of available binding sites 
[17]. 

An increase in brain sensitivity to barbiturates 
could be another factor in prolonging sleeping time. 
Blood and brain levels of hexobarbital and thiopental, 
therefore, were measured at the time of awakening 
in sham-operated controls and BDL rats (Table 4j. 
Thiopental blood and brain levels at the time of 
awakening were not altered by BDL. BDL rats (12 
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Fig. 4. Effect of BDL on thiopental sleeping time (25 
mg/kg, i.v.) and zoxazolamine paralysis time (80 mg/kg, 
i.p.). Bars represent the mean _+ S. E. M. A single asterisk 
indicates significant difference from controls (P < 0.001). 
A double asterisk indicates significant difference from con- 

trols (P < 0.001) and from 12-hr BDL (P < 0.001). 
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Table 3. Effect of BDL on serum protein binding of hexobarbital and 
thiopental* 

N o  of Serum bilirubin Serum cohen Protein bound 
rals (rag/100 mB I~lg/rnll ('!/,J 

HEXOBARBITAL 
Controls 6 0.23 + 0.04 99.9 + II.1 61.6 + 3.8 
12-hr BDL 4 2.64 ± 023 948 ± 13.7 61.2 + 53) 
72-hr BDL 4 4.44 + 0.08 124.0 + 7.8 55.7 + 0.9 
T H I O P E N T A L  
('ontrols 5 0.27 + 0.04 66.2 ± 4:~ 91(, + 0 6  
12-hr BDL 5 2.79 + 0.27 59.8 + 44  91.9 + 0 8  
72-hr BDL 4 6.86 ± 2.68 42.9 + 5.2 88.4 ± 14 

* Protein binding of hexobarbital and thiopental was determined by ultrafilt- 
ration of serum samples obtained approximately 5 min after administration 
of hexobarbital (125 mg/kg, i.p.) and approximately 2 min after thiopental (25 
mg/kg, i.v.). Hexobarbital and thiopental were determined by the methods of 
Cooper and Brodie [14] and Goldstein and Aronow [18]. Values represent 
the mean ± S. E. M, 

and 72 hr) receiving hexobarbital regained their right- 
ing reflexes at lower blood and brain levels of hexo- 
barbital than did the sham-operated controls. 

D I S C U S S I O N  

The duration of hexobarbital- and zoxazolamine- 
induced loss of righting reflex is sensitive to changes 
in microsomal enzyme activity. Bile duct ligation 
caused a gradual decrease in microsomal enzyme acti- 
vity, but the increase in hexobarbital narcosis 
occurred at a time when the microsomal parameters 
were not significantly reduced. Twelve hr after BDL, 
hexobarbital sleeping time doubled, but zoxazolamine 
paralysis time and activities in vitro of hexobarbital 
oxidase, aniline hydroxylase and aminopyrine 
demethylase were unchanged. Hence, the changes in 
hexobarbital sleeping time during the initial stages 
of BDL-induced cholestasis do not correlate with the 
activity of the microsomal mixed-function oxidase 
system. This lack of correlation is accentuated by the 
differences in response of the barbiturates and zoxa- 
zolamine to BDL and known modifiers of microso- 
mal enzyme activity. The enzyme inhibitor SKF-525A 
prolonged the effect of hexobarbital and zoxazola- 
mine but not that of thiopental. Twelve-hr BDL pro- 
longed the effect of hexobarbital and thiopental, but 

not zoxazolamine, while 72-hr BDL prolonged all 
three. 

Intraperitoneal injection is the most common 
method of administering hexobarbital to small labor- 
atory animals. By this route of administration the 
drug is mainly absorbed into the portal circulation 
and passes through the liver before reaching its sys- 
temic site of action [19]. After the common bile 
duct has been ligated, there is an increase in pressure 
within the bile canalicular tree due to the hepatocytes 
continuing to secrete bile for a short time. Under 
these circumstances, it is conceivable that an alter- 
ation in liver haemodynamics and/or the blood sup- 
ply to the gut could occur which might influence the 
absorption of hexobarbital. However, it is unlikely 
that this is a major contributing factor to the increase 
in hexobarbital sleeping time 12 hr after BDL because 
(a) similar increases in hexobarbital sleeping time 
were observed using both the intraperitoneal and in- 
travenous routes of administration; {b) there was no 
difference in the onset of action of hexobarbital in 
sham-operated or BDL rats; and (c) zoxazolamine 
was also given intraperitoneally and there was no 
change in the duration of its paralysis time 12 hr 
after BDL. 

The fact that BDL increased thiopental and hexo- 
barbital sleeping times by a similar amount suggests 

Table 4. Effect of BDL on hexobarbital and thiopental blood and brain concen- 
trations upon awakening* 

No. Sleeping time Blood concn Brain cohen 
rats {rain) (tlg,'mB (,~g,'gl 

H EXOBARBITAL 
(7ontrols 15 30.1 + 1.6 38,4 + 1.0 39.2 ± 1.9 
12-hr BDL 10 54.3 ± 3.61 27.2 ± 2.2+ 25.1 ± t.7+ 
72-hr BDL 10 109.2 ± 4.0%+ ~ 30.7 _-- 17+ 29.2 ± 1.8§ 
T H I O P E N T A L  
Controls 10 19.4 ± 2.5 22.7 ± 10 175 ± 0.8 
12-hr BDL 6 48.6 ± 11.6§ 23.0 ± 1.2 19I ± 1.0 
72-hr BDL 8 154.6 + 17.1÷~ 22.6 ± 1.4 191 ± 1.0 

* Animals were decapitated upon regaining their righting reflex after hexobar- 
bital (125 mg//kg, i.p.) or thiopental (25 mg/kg, i.v.). Whole blood and brain 
concentrations of hexobarbital and thiopental were determined by the methods 
of Cooper and Brodie [14] and Goldstein and Aronow [18]. Values represent 
the mean _+ S. E. M. 

t Significantly different from controls (P < 0.001). 
++ Significantly different from 12-hr BDL (P < 0.001). 
§ Significantly different from controls (P < 0.01). 
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that the same factor may be altering the action of 
both drugs. This factor is unlikely to be a reduced 
rate of metabolism, since hexobarbital and thiopental 
clearly differed in their response to enzyme inhibition 
with SKF-525A. Redistribution from the brain is pri- 
marily responsible for the short duration of thiopental 
anaesthesia [18]; hence BDL-induced changes in the 
redistribution of the two barbiturates might be the 
common factor. 

There are several ways in which BDL might result 
in altered barbiturate distribution. Firstly hepatic 
uptakc might be reduced as a result of changes in 
liver haemodynamics or uptake mechanisms. It would 
have to be argued that this is more important for 
the barbiturates than for zoxazolamine in order to 
explain the lack of effect of 12 hr of BDL on zoxazo- 
lamine paralysis time. Reyes et al. [20] reported that 
3 days of BDL decreased the hepatic content of Y 
and Z anion-binding proteins by approximately 40 
per cent, and reduced the hepatic uptake of sulfobro- 
mophthalein. However, there was no effect on this 
uptake mechanism at the earliest time studied (25 
rain). One can only speculate on the effect that im- 
paired binding of barbiturates to hepatic Y and Z 
proteins might have on the duration of their pharma- 
cological action. It is unlikely that this factor can 
explain the prolongation of hexobarbital sleeping 
time seen 2-12 hr after BDL, although it might be of 
significance at subsequent times. Secondly, displace- 
ment from plasma protein binding sites by bilirubin 
might increase the amount of barbiturate available 
for distribution. The data of Table 3 suggest that this 
is unlikely. Thirdly, BDL might result in alteration in 
permeability of the blood brain barrier. BDL animals 
woke up at lower blood and brain levels of hexobar- 
bital than did sham-operated controls, indicating an 
increased brain sensitivity to hexobarbital. However, 
BDL did not increase the sensitivity of the brain to 
thiopen-tal, and it is difficult to rationalize how such 
a selective change in the sensitivity of the brain to 
barbiturates could occur in obstructive jaundice. 
Fourthly, BDL might alter barbiturate redistribution 
into fat. It was observed that food consumption was 
reduced after BDL and that rats lost weight. How- 
ever. in experiments where sham-operated rats were 
deprived of food for 12 or 72 hr, starvation for 12 
hr failed to reproduce the prolongation of either hex- 
obarbital or thiopental sleeping times seen after 12-hr 
BDL (Drew and Priestly, unpublished observations). 

A fifth possibility is that BDL prevents biliary 
excretion of the barbiturates. Although urinary excre- 
tion is generally considered to be the major route 
of barbiturate elimination, biliary excretion of 
[14C]phenobarbitone (18 per cent) and [~4C]pento- 
barbitone (28 per cent) in the form of polar metabo- 
lites has been reported [2l].  Significant biliary excre- 
tion of hexobarbital has not been clearly established. 
Thompson et al. [22] detected unchanged hexobarbi- 
tal, and smaller amounts of the Y-hydroxy metabolite 
and its glucuronide by ga>l iquid chromatography- 
mass spectrometry in rat bile, but did not quantitate 
them. Holcombe et al. [23] recovered less than 1 per 
cent of a dose of [~4C]hexobarbital in the first 20 
min of bile collection from an isolated perfused liver. 
Analysis by thin-layer chromatography (t.l.c.) of the 
11 per cent of the dose recovered over 90 min bile 

collection indicated that the radioactivity was all in 
a form more polar than unchanged hexobarbital. Our 
own t.l.c, experiments have also failed to detect un- 
changed drug in the bile of rats injected with hexobar- 
bital. The pharmacological activity of hexobarbital 
metabolites is unknown. If it can be assumed that 
the biliary metabolites are inactive, it is difficult to 
conclude that blockage of their biliary excretion by 
BDL should significantly alter hexobarbital sleeping 
time. 

Oar  conclusions are that hexobarbital sleeping time 
is not a reliable index of the activity of hepatic micro- 
somal drug-metabolizing enzymes after BDL. A 
change in brain sensitivity to hexobarbital may be 
as important as a change in its rate of metabolism, 
and this factor should not be ignored when interpret- 
ing a change in the duration of pharmacological re- 
sponse. Furthermore. since BDL changed the 
duration of response to thiopental without apparent 
alteration in brain sensitivity, altered drug distribu- 
tion should also be considered as a factor in sleeping 
time experiments. 
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