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Abstract-Male and female rats were injected i.p. for 5 days with phenobarbitone (80 mg;‘kg:day), anti- 
pyrine (80 mg/kg;daq), phenytoin (65 mg:‘kg;day) or chlordiazepoxide (40 mg/kg,‘day). Seven days after 
start of treatment. radioactive microspheres were used to determine liver blood flow in some animals from 
treatment groups. Other animals were used to measure liver microsomal protein. cytochrome (’ reductase 
and cytochrome P450. Pentobarbitonc sleeping time was also determined. In males, all the drugs signiti- 
cantly increased cytochrome P450 content and liver weight;lOOg body weight (bw) relative to salinc- 
treated controls. Also, pentobarbitone sleeping time was significantly decreased by all 4 drugs. However, 
only phenobarbitone changed liver blood flo\+: liver weight was increased by 23 per cent and this was 
paralleled by a 32 per cent increase in liver blood flow’100 g bw. Female rats receiving saline had lower liver 
cytochrome P450 contents and longer pcntobarbitone sleeping times than the control males. In addition, 
the drugs were less potent in the females; all significantly reduced sleeping time but liver weight;100 g bw 
and cytochrome P450 content wrrc only slgnilicantly increased by phenobarbitone and phenytoln. Aftcl- 
phenytoin, antipyrine and chlordiazepoxide, liver blood flows/ 100 g bw were within 4 per cent of the control 
value whereas with phenobarbitone there was a 9 per cent increase which accompanied an I I per cent 
increase in liver weight/l00 g bw. The dose-effect relations of phenobarbitone were determined in male rats 
using doses of 5, 10 and X0 mg/kg!day and some animals were given amylobarbitone (80 mg’kg,day) in 
order to see if it also changed liver blood flow. Phenobarbitone gave dose-dependent effects on the bio- 
chemical parameters, liver weight; 100 g bw and liver blood flow,/100 g bw. Amylobarbitone was much less 
potent than phenobarbitone but did cause parallel changes in liver blood flow and liver weight:‘100 g bw. 
It IS concluded that. of all the hepatic microsomal enzyme inducing agents which have been studied, only 
barbiturates increase both liver blood flow and liver weight. 

Many drugs are known to change the efficacy of 

other therapeutic agents with ahich they arc adrnin- 
stered. In a number ofcases the basis of this interaction 
is known to be the induction of hepatic m~croson~al 
drug metabolizing enzymes but, as in the case of 
phenobarbitone, the change in enzyme activity is not 
always sufficient to explain the changes in the rates of 
disappearance of other drugs from plasma. It is 
possible that such inducing agents also change the 
flow of blood through the liver. Consequently. the 
relationship between liver blood flow and hepatic 
microsomal enzyme activity has been investigated by 
a number of workers. 

Enzyme inducing agents which have been studied 
in order to see if they change liver blood flow include 
phenobarbitone [l-5], antipyrine [I]. 3,4-benl-- 
pyrene 11, S] and 3-methylcholanthrene [5]. Of thex 
drugs only phenobarbitone [I, 2.4,5] and antipyrine 
[I] have been reported to increase Ii\ er blood flow. 
The effects of enzyme inhibition with SKF-525,~ 
have also been investigated: Marchand and Brodeur 
[6] found that this agent decreased colloidal gold 
clearance in the rat and interpreted this as a decrease 
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in blood flow whilst Nies et nl. [5] found no change 
in liver blood flow as determined by radioactive 
microspheres. 

In order to investigate this matter further we have 
used radioactive microspheres to determine liver 
blood flow in rats which have been treated with a 
number of therapeutic agents known to interact with 
other drugs. We have also investigated the effects of 
several doses of phenobarbitone in order to see if the 
effects it produces are dose-dependent. 

METHODS 

EK~WW irduc.tior~. Wistar rats weighing 250-350 g 
\rere given intraperitoncal (i.p.) injections ofthe micro- 
somal enzyme inducing agents once (chlordiazepox- 
ide) or twice (all other agents) daily for 5 days. Deter- 
minations of liver blood flow or microsomal enzyme 
activity were carried out on the 7th day. All drugs, 
except phenytoin, were injected in a volume of 100 ~1 
physiological saline/:lOOg body weight (bw). Pheny- 
toin was given in 200 ,u] physiological saline contain- 
ing 0.01 M sodium hydroxide/100 g bw. Two control 
groups were used: one group was injected i.p. with 
100/J physiological saline/lOOg bw and the other 
with 200 /J 0.01 M sodium hydroxide in physiological 
salinej100 g bw. Rats in treatment groups were 
randomly allocated to blood flow or enzyme studies. 

M~tr,surrmr~~r of /~VPY blood ,flow. Animals were 
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anaesthetized with sodium pentobarbitone (60 mgjkg 
i.p.: Sagatal, May & Baker). Arterial blood pressure 
was measured from one femoral artery whilst the 
other femoral artery was cannulatcd to allo\\ with- 
drawal of blood at a constant rate (0.6 ml/min) during 
and for 70 set after injection of the microsphercs. 
Carbonised microspheres of I5 + 5 ~tm diameter. 
labelled with “‘St- (3M Co., St Paut. Minnesota), were 
injected into the left ventricle through ;I cannuln 
passed down the right carotid artery.The microspheres 
\~ere injected over 20 set in 0.6 ml of 0.2 ‘II, Twcen 80 
in physiologic~ll saline. Cardiac output and liver 
blood flow were calculated as described by Nits c’f pi. 
[j]. In this method, hepatic arterial flow is determtncd 
from the microspheres trapped in the liver and portal 
venous return is obtained indirectly by adding to- 
gether the flows to the spleen, pancreas and gastro- 
intestinal tract. Tlirou~hout this paper. liver blood 
flow refers to the sum of hcpatic arterial and portal 
venous flows. 

In vitro IXUJS. Rats were killed by cervical disloca- 
tion, the livers rapidly removed and homogenised in 
ice-cold 1.15 I’,, KC1 using a Teflon in glass homo- 
geniser. The 30”,, homogenate was centrifuged at 
lO.OOO~q for 20 min at 4 The resulting supernatant 
has decanted without disturbing the pellet and centri- 
fuged at 105.000~~ for 60 min at 4’. The microsomal 
pellet was resuspended in 10 ml of 0.2 ml phosphate 
buffer. pH 7.4. Microsomal protein, cytochromc P450 
and cytnchrome c’ reductase were determined rc- 
spectively by the methods of Lowry c’t (I/. [7]. Omura 
and Sate [X] and Williams and Kamin [S]. 

Prt?cohtr~hiloll~, slwpim~ fitw. Groups of 4 Wistar 
rats were injected with inducing agents as described 
above. On the 7th day after start of the treatment, the 
duration of pentobarbitone (40 mg/kg i.p.) induced 
sleep was determined. Sleeping time ~‘a\ defined 
as the time between loss and return of the righting 
reflex. 

RESULTS 

There were no significant differences in liver weight, 
liver blood flow. microsomal protein or enzyme 
activity between rats receiving 0.1 ml phys~~~logic~i 
saline:‘lOOg bw and those receiving 0.2 ml 0.01 M 
sodium hydroxide in physiological saline/IO0 g bw. 
The control groups in Tables I-3 arc those which 
rccelved physiological saline. 

Table 1 shows the effects of several inducing agenta 
in male rats. Phenobarbitolle (80 rn~~kg~day). chlor- 
diazeposide (40 mg;kg;day). antipyrine (80 mg:kg: 
dav) and phenytoin (65 mg/kg,iday) all produced 
significant increases in liver weight/100 g bw. Pheno- 
barbitone produced the greatest increase (23 per cent) 
and ~hlorodia~ep(~xide the smallest (10 per cent) with 
antipgrine (15 per cent) and phenytoin (18 per cent) 
having intermediate effects. All the drugs also signi- 
ficantly increased cvtochrome P450 content and 
pentobarbitonc sleeping time. Again, the phenobarbi- 
tone treatment produced the greatest changes: cyto- 
chronic P450 content was increased by 117 per cent 
relative to the control group whilst it increased by 
36. 42 and 51 per cent respectively for chlordiazepos- 
ide. antipyrine and phenytoin. The order of cffective- 
ness on sleeping time was slightly different with 
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chlordiazepoxide giving a shorter period of immobili- 
Tation than antipyrine. 

In contrast, only the phenobarbitone treatment 
significantly changed liver blood flov,/lOO g bw. 
The percentage increase (32 per cent) was similar to 
the increase in liver weight/100 g bw with the result 
that liver blood flow/g liver remained virtually the 
same as controls. The other three treatments resulted 
in falls in liver blood flow,ig liver and liver blood llou 
IO0 g bw. Here, chlordiazepoxide, which produced the 
least increase in liver weight. gave a liver blood flow 
closest to the control value whilst phenytom treat- 
ment. which gave the greatest change in li\er weight 
apart from phenobarbitone, resulted in the lowest rate 
of liver perfusion. 

Table 2 shows that the drugs were not as effective in 
female rats as in male animals. All of them significantly 
shortened pentobarbitone sleeping time but only 
phenobarbitone and phenytoin produced significant 
increases in any of the other indices of induction. 
Following administration of these two drugs. liver 
weight/lOOg bw. cytochrome P4SO content and 
cytochrome (’ reductase activity were significantly 
greater than in the control group of animals. However. 
in the female rats there were no significant changes in 
blood flow although phenobarbitone treatment pro- 
duced an increase of 9 per cent in liver blood flow:’ 
IO0 g bw. Phenytoin produced the largest increase in 
liver weight (35 per cent) in the female rats and it is 
only with this drug that there is a fall in liver blood 
flow/g liver to a rate similar to those found with 
chlordia/cpoxidc. antipyrine and phenytoin in the 
malt rats. 

Table 3 gives the results of experiments performed 
m order to see if the effects of phenobarbitonc were 
dose-dependent and if another barbiturate shared its 
property of increasing liver blood flow. Phenobarbi- 
tone produced dose-dependent increases in both 
liver weight/l00 g bw and liver blood flow; 100 g bw at 
dosea of 5. 10 and X0 mg/kgjday. The increases in liver 
weight/lOOg bw were 9, I5 and 22 per cent respectively 
and the changes in liver blood flow: IO0 g by were 17. 
IX and 32 per cent. Amylobarbitone (XOmg;kg,‘day) 
produced a lesser degree of induction than the loucst 
dose of phenobarbitone but it did give an I I per cent 
increase in liver blood flow; IO0 g bu which paralleled 
the X.7 per cent increase in liver weight: IO0 g bw. 

All the barbiturate-induced increases in liver blood 
flop were the result of increased return of blood from 
the gastrointestinal tract and pancreas rather than 
increased ilow through the hepatic artery. 

DISCUSSlOTV 

The present study considerably incl-eases the 
number of drugs and variety of chemical structures 
which have been investigated in order to see if they 
produce changes in liver blood flow consequent 
upon their effecta on hepatic microsomal drug 
metabolizing enzymes. Our results with phenobarbi- 
tone confirm the findings of Ohnhaus el (I/. [I, 21 and 
Nies PI ul. [5] who demonstrated that an increase in 
liver blood flow accompanied the increase in liver 
weight produced by treatment of rats with this drug. 
A similar increase in liver blood flow occurs after 
administration of phenobarbitone to rhesus monkeys 

[4]. The results of Denis VI cl/. [3] ;IIW xhon <I11 

increasein liver blood flow after phenoharhltone trcat- 
ment of rats, but is was not significant. 

Of the other agents that have pre\iou\l~ been btu& 
ied only antipyrinc has been reported to inci-caxc li\ci 
blood flow [I]. However. the heat exchange method 
used by Ohnhaus ct trl. is only semiquantitative ;tnd 
the changes in liver heat conductivity ranged from 
33 to I75 per cent for phenobarbitone bvhich is \er> 
much larger than the changes in liver blood Ilo\\ 
determined with microspheres 01. colloidal gold 
Nies cv trl. [5] found blood flow increased lq 33 peg- 
cent in their study using microsphcrca. our \tud! silo\\ \ 
phenobarbitone (80 mg/kg:day) produced ;I 32 per- 

cent increase and Ohnhaus and Lochcr [I?] dcm~j~ 
strated a 27 per cent increase with colloidal gold 
Since these last three studies used daily dosch 01 
between 30 and 80 mgjkg!day and treatment ws .I i 
or 10 days, the very much greater incrcasc implied I>\ 
the heat exchange method cannot he c\plaincd 1); 

larger doses or longer treatment since the ;I~II~FI/\ 

in that study were treated with 30 rng, hg day 1‘01 4 

days. These discrepancies between the /ieat c\ch:lnFL, 
method and the more direct measurement5 of hlocxl 
flow suggest that the former may he affcctcd 1’: othcl 
factors as well ;I:, hcpatic blood flop and thi\ ma! 
explain why our results with antipyrine :Irc at \arianc~ 
bvith those of Ohnhaus (‘I trl. [I]. 

Since phenobarbitonc is the most pc)tent 01 Ihi 
commonly used c\rperimental hrpatic mici-o\(,m;ll 
enqmeinducingageritswestudied theeffecl\of~c\ci~ri 
doses in order to see if the increase 111 liver blo~~l Ilo\\ 
only occurred after a threshold degree of inclucrlon 
had been exceeded. Doses as small as 5 rnz kp (I;IJ 
gave significant increases in liver weight; IO0 g 1~0 
and liver blood flow. IO0 g bw. The Incrc;Isc in Il\cr 
weight/l00 g b\n was less than that given by trt‘atmcnl 
with antipyrine. phenytoin or chlordia/~po\itlc but 
the low dose of phcnobarbitone still ga\c :I ~~p~fican~ 

increase in liver blood flov, IOOg h\+ Thu\ the 111 
crease in liver blood flow is not ;I phcnomcnon \I hlch 

occurs after induction has caused ;I certain IIICI’C:IW 
in liver size. 

The rats treated uith atnylob~~rbi~onc \ho\\ccI 
greater variation in liver blood flow 100 c b\\ 1 ban 
did those treated with phenobal-hitonc. (~‘onscqtrcnll) 
the increase over the control value dud not IKYIC~ 
statistical significance. The treatment u\cd did n!)i 
produce the same degree of induction ;I\ the I~WC\I 
dose of phenobarbitone ;I$ dctcrrnlnctl lx c\I~)- 
chrome P450 content or pentobarbitonc \lccp~ng 
time. However. on the bask of increase in IiLcl. \ic,iphl 

the amylobarbitone produced ;I Gmllar dcgrcc 01 
induction as the chlordiarapo\ide trcatrncnt I\ l11l\1 
on the basis of pentobarbitone \;leeplnF time 11 I\ 
approximately equipotent with antip! irinc Il<,til 

these non-barbiturate drugs dccreazed liver bl~~xl 

flow and thus it would seem that am~loh~~r-bi~c~nc. 
alone of the drugs that we have ~tt~d~cd. \ii:iri.\ L\:I/~ 

phenobarbitone the property of increasing Itbc’r hloc~l 
flow in parallel with increasing liver weighr. 

Our discussion x,0 Eir has hccn Iim~teil 10 c\pcrI- 
ments in which male animals wcrc rixA :Inct In 0111 

study he found that female rat \ L+crc ~ori~idcr;~l~l\ 
different from the male rats in\cstigatetl. t’t)t- c~mplc‘. 
thecytochromc P450contcnt ofthe liver5 ~>ftheconr~-01 
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female rats was only 78 per cent of that found in the 
control males and their pentobarbitone sleeping time 
was 2.3 times as long. Microsomal protein content 
was also significantly lower in the female rat livers. 
Not only did untreated female rats appear to have 
lower drug metabolizing activity than comparative 
males, but those treated with hepatic microsomal 
enzyme inducing agents responded less than treated 
males. Significant increases in cytochrome P450 con- 
tentonlyoccurredaftertreatmentwithphenobarbitone 
(80 mg/kg/day) and phenytoin, whereas all four drugs 
gave statistically significant increases in male rats. 
Also, liver weight/100 g bw increased by 7.0, 7.5, 11 
and 35 per cent respectively in females treated with 
chlordiazepoxide, antipyrine, phenobarbitone and 
phenytoin compared with increases in the male 
rats of 10. 15.73 and 18 per cent. The greater increase 
with phenytoin in the females may be related to their 
being the only group which lost weight during treat- 
ment. 

Examination of the values obtained for liver blood 
flo~~‘lOO g bw reveals that, after chlordiazepoxide, 
antipyrine and phenytoin, they were between 96.5 
and 101 per cent of the control values. On the other 
hand, the phenobarbitone treatment resulted in a 
statistically non-significant 9 per cent increase in 
liver blood flow/100 g bw which accompanied the 
11 per cent increase in liver weight/l00 g bw. Thus 
80 mg/kg/day phenobarbitone given to females not 
only produced a similar increase in liver weight/100 g 
bw to that given by 5 mg/kg/day in males but also 
resulted in a similar increase in liver blood flowi g 
bw. Therefore, it would seem that phenobarbitone 
increases liver blood flow in proportion to the increase 
it produces in liver weight in both male and female 
animals. 

In both male and female rats the increases in liver 
blood flow after administration of phenobarbitone 
and amylobarbitone were entirely due to increases in 
portal venous return. Nies et al. [S] suggested that, 
as a result of the increase in liver size, phenobarbitone 
might decrease hepatic resistance to portal venous 

flow and thus lower portal venous pressure. They 
pointed out that portal venous pressure is known to 
affect vascular resistance [lo] and suggested that if 
phenobarbitone decreases portal venous pressure, a 
fall in mesenteric vascular resistance may follow and 
thus produce an increase in blood flow through the 
splanchnic bed. Whatever the mechanism of the 
increase in blood flow with the barbiturate drugs 
examined, our results and those of Nies et ul. [5] 
show that an increase in liver size as a result of treat- 
ment with an enzyme inducing agent does not itself 
produce an increase in liver blood flow. It is likely, 
therefore, that the increases in liver mass produced by 
the barbiturates are qualitatively different from those 
given by the other hepatic microsomal enzyme induc- 
ing agents that have been studied. 
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