
Cancer Chemother Pharmacol (1993) 31 :319-  323 ~ a n c e r  
hemotherapyand 
harmacology 

�9 Springer-Verlag 1993 

Effect of toremifene on antipyrine elimination 
in the isolated perfused rat liver 

Lorraine K. Webster, Andrew G. Ellis, and James F. Bishop 

Experimental Chemotherapy and Pharmacology Unit, Peter MacCallum Cancer Institute, Melboume, Victoria, Australia 

Received 7 March 1992/Accepted 7 September 1992 

Summary. Toremifene is a triphenylethylene antioestro- 
gen with significant antitumour activity. It is structurally 
very similar to tamoxifen. Both drugs undergo extensive 
hepatic metabolism, and tamoxifen is known to inhibit 
hepatic mixed-function oxidases (MFO). Using the isolat- 
ed perfused rat-liver model, we investigated the effect of 
toremifene on the elimination of antipyrine, a standard 
marker of MFO activity. Perfusate consisted of 20% red 
cells in a modified Krebs-Henseleit buffer, and 80 ml was 
recirculated at 14 ml/min for 3 h. High but clinically rele- 
vant steady-state toremifene levels of 3 and 10 ~tg/ml were 
achieved using bolus plus constant infusion into the reser- 
voir. Elimination of 2.5 mg antipyrine was not inhibited by 
steady-state toremifene, but methanol (maximal perfusate 
concentration, 1.29%), the vehicle used for toremifene ad- 
ministration, caused a statistically significant increase in 
the antipyrine elimination half-life (mean, 1.4 ___ 0.2 h for 
controls vs 2.2___0.3 h for methanol; P <0.05, n=4) .  
Whereas the methanol had no apparent effect on liver 
viability as assessed by bile flow and perfusate back-pres- 
sure, toremifene at a steady-state concentration of 
10 gg/ml caused a statistically significant decrease in bile 
flow (value at 180 rain, 0.22___0.05 ml/h as compared with 
0.52+0.06 ml/h in the methanol control; P <0.05) and a 
statistically significant increase in perfusate back-pressure 
(value at 180 rain, 17.5_+1.8 cm vs 11.0_+2.6 cm in the 
methanol control; P <0.05). Therefore, toremifene used at 
high doses can impair liver function in the isolated per- 
fused rat liver, but it does not have any effect on antipyrine 
elimination. 

toremifene differs from tamoxifen only in the substitution 
of a chlorine atom for a hydrogen atom on the ethylene 
alkyl side chain. In addition to their antioestrogen anti- 
tumour activity, tamoxifen and toremifene may be active at 
high doses in hormone-independent cancer [6, 19]. These 
substances are also being investigated as potential multi- 
drug resistance modifiers, which also requires high-dose 
therapy [ 10]. 

Both drugs undergo extensive demethylation and hy- 
droxylation to active and inactive metabolites via hepatic 
mixed-function oxidases (MFO), although none of the me- 
tabolites are identical since the chlorine on toremifene is 
not removed [14, 17]. Examples of toremifene metabolites 
include N-desmethyltoremifene (TOR-I), 4-hydroxy- 
toremifene (TOR-II), deaminohydroxytoremifene (TOR- 
III) and didemethyltoremifene (TOR-X). The majority of a 
dose is excreted as metabolites in faeces, and there are 
quantitative but not qualitative differences between human 
and rat toremifene-metabolite profiles [1, 17]. 

Tamoxifen is known to inhibit hepatic MFO activity in 
vitro [7, 12, 14], and clinical interactions suggestive of 
inhibition of warfarin metabolism have been reported 
[13, 18]. No report has been published on the ability of 
toremifene to influence drug-metabolising enzymes simi- 
larly. Because of the structural similarity of tamoxifen and 
toremifene and since toremifene may be given at high 
doses and with other drugs, the possibility of an interaction 
with drug-metabolising enzymes becomes more clinically 
important. We therefore used the isolated perfused rat liver 
model to investigate the effect of toremifene on the elimi- 
nation of antipyrine, an index of MFO activity. 

Introduction 

Toremifene is a triphenylethylene antioestrogen with sig- 
nificant antitumour activity in humans [20]. Structurally, 
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Materials and methods 

Liver perfusion. Non-fasting male Sprague-Dawley rats (250-350 g) 
were anaesthetised with sodium pentobarbitone (60 mg/kg; i.p.), and 
their livers were surgically isolated by standard techniques [2] and per- 
fused as previously described [22]. Briefly, the portal vein, thoracic 
inferior vena cava and bile duct were cannulated, and the liver was 
connected to a recirculating perfusion circuit in a constant-temperature 
(37 ~ C) cabinet. The perfusate flow rate was constant at 1. I ml min -1 g 
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Fig. 1. Semilogarithmic plot of perfusate toremifene concentration ver- 
sus time following a bolus dose of 8.0 mg toremifene at time zero in the 
presence (O, n = 3) and absence ( 0 ,  n = 2) of a liver in the perfusion 
circuit. Data represent mean values +_ SE 

liver -1 (14.4+- 1.8 ml/min). The perfusate (80 ml) consisted of 20% (v/v) 
washed human red blood cells, 1% (w/v) bovine serum albumin (Frac- 
tion V; Commonwealth Serum Laboratories, Melbourne, Australia) and 
0.1% (w/v) d-glucose in a modified Krebs-Henseleit buffer (pH 7.4). 
Sodium taurocholate (Sigma) was infused into the perfusate reservoir at 
30 gmol/h to maintain the bile flow. Liver viability was confirmed by 
normal values for bile flow (0.5-1.0 ml/h), perfusion hack-pressure (less 
than 10 cm It20), oxygen consumption (2.0-4.0 ~tmol g liver -1 min -I) 
and homogeneous appearance. Except where noted, livers remained via- 
ble for the duration of the 3-h experiments. All drugs were delivered to 
the perfusate reservoir to simulate systemic administration. Samples for 
drug estimation were taken from the reservoir and were replaced with 
equal volumes of fresh perfusate. Drug amounts lost through sampling 
were less than 2%. 

Drug administration and sampling. In preliminary studies, toremifene 
(Farmos, Turku, Finland) was added to the perfusate reservoir as a bolus 
dose of 8 mg (n = 3), and the resulting toremifene clearance value was 
used to calculate doses for steady-state studies. 

Elimination of antipyrine (Sigma Chemicals; 2.5 mg dissolved in 
1 ml perfusate) was studied in the presence of toremifene at nominal 
steady-state concentrations of 3.0 (n = 4) or 10.0 p.g/ml (n = 4) for 3 h; 
investigations using toremffene at 30 gg/ml (steady-state) were also at- 
tempted (n = 3). These steady-state concentrations were achieved using a 
bolus dose of toremifene [3 mg in 384 gl 50:50 (v/v) methanol: 0.9% 
saline) at the beginning of a 3-h constant 36.4-, 130.0- or 390.0-gg/min 
infusion of toremifene in 50:50 (v/v) methanol: saline (equivalent to 
280, 280 and 870 gl methanol/h, respectively). The toremifene bolus 
dose was found to cause an initial overshoot in the required steady-state 
concentration of 3.0 ~xg/ml, and it thus was not increased in the higher- 
dose experiments. Antipyrine elimination was also examined in the ab- 
sence of drug or methanol (control, n = 4) and after a 384-gl bolus of 
50:50 (v/v) methanol: saline plus a continuous 280-pl/h infusion of 
methanol in saline (methanol control, n = 4), This was equivalent to the 
3- and 10-gg/ml toremifene infusion schedules. 

Perfusate (1.0 ml) Was sampled for drug estimations at 2, 5, 10, 20, 
30, 60, 90, 120, i50 and 180 rain, and the red cells were removed by 
centrifugation. Bile was collected on ice in pre-weighed vials at 30-min 
intervals. All samples were stored at -20 ~ C and assayed within 14 days. 
After the last sample collection the perfusate was flushed from the liver, 
which was homogenised in 3 vol. 0.067 ~x Sorenson's phosphate buffer 
(pH 7.4) for later assay. 

Table 1. Toremifene pharmacokinetics in the isolated perfused rat-liver 
system 

Clearance Elimination Volume of 
(ml/h) half-life distribution 

(h) (ml) 

Non-livercontrol 2 64+ 1 1.2+0.1 110-t- 10 

Toremifene: 
Bolus 8.0rag 3 690+_174 1.25+0.13 1230 +_260 
Steady-state 3 gg/ml 4 690+-187 NC NC 
Steady-state 10 gg/ml 4 796 +- 88 NC NC 

Data represent mean values +- SD. NC, Not calculated 

Drug assays. Levels of toremifene (TOR), didemethyltoremifene (TOR- 
X), N-desmethyltoremifene (TOR-I) and deaminohydroxytoremifene 
(TOR-III) were determined using a reverse-phase high-performance 
liquid chromatographic (HPLC) assay [24]. Briefly, 200-gl samples were 
prepared by protein precipitation with acetonitrile containing the internal 
standard (Fc- 1226 a; Farmos, Turku, Finland). A 100-gl aliquot of super- 
natant was injected onto a Waters NovaPak C18 Rad-Pak column housed 
in a Z-module (Waters). The mobile phase consisted of acetonitrile: 
t00 mM ammonium acetate: triethylamine (65 : 35 : 0.05, by vol.) at 
pH 6.35, and the flow rate was 2.0 ml/min. Ultraviolet detection was 
carried out at 277 rim. The quantitation limit for toremifene and its 
metabolites was approximately 200 ng/ml. 

Antipyrine concentrations in perfusate plasma were determined in 
separate 200-gl aliquots using modifications of previously described 
HPLC assays [9, 15]. Conditions for sample preparation and chromato- 
graphy were similar to those used in the toremifene assay. The mobile 
phase consisted of 45% methanol, 1% triethylamine, and 54% water at 
pH 3.0. Detection was carried out at 244 nm and the limit of antipyrine 
quantitation was approximately 200 ng/ml. 

Data analyses. All results were expressed as mean values _+ SD. Phar- 
macokinetic parameters were calculated using standard model-indepen- 
dent pharmacokinetic formulae. Statistical analyses included one-way 
analysis of variance followed by specific between-group comparisons 
using a Bonferroni t-test [21]. 

R e s u l t s  

P r e l i m i n a r y  s tudies  o f  t o r e m i f e n e  d i spos i t ion  s h o w e d  that  
a bo lu s  of  8.0 m g  (n = 3) u n d e r w e n t  b iphas ic  e l im ina t i on  
f r o m  the  per fusa te  (Fig. 1). The  d i s t r ibu t ion  hal f - l i fe  was  
app rox ima te ly  9 ra in ;  o ther  pha rm acok ine t i c  paramete rs  
are l is ted in  Tab l e  1. The  c lea rances  ca lcu la ted  d u r i n g  the  
s teady-s ta te  expe r imen t s  were  cons i s t en t  wi th  the  resul ts  
o f  the  b o l u s - d o s e  studies.  M a s s - b a l a n c e  ca lcu la t ions  
(Tab le  2) showed  that  less than  1.0% o f  the de l ive red  dose  
was  p re sen t  in  the  per fusa te  as t o r e m i f e n e  or  as its a s sayed  
metabo l i t e s  after 180 m i n  per fusa te  rec i rcu la t ion .  Approx -  
im a t e ly  1.0% o f  the  dose  was  excre ted  in  b i le  over  3 h, and  
o n l y  0 . 6 - 2 . 0 %  was r e m o v e d  f r o m  the  per fusa te  in  samples  
for  ana lyses .  A t  leas t  21% of  the  dose  was  re t a ined  b y  the  
l iver.  S im i l a r  va lues  were  o b t a i n e d  in  the s teady-s ta te  stud- 
ies. There fore ,  a m a jo r  p ropo r t i on  of  the dose  was  no t  
a c c o u n t e d  for  as t o r e m i f e n e  or assayed  me tabo l i t e s  in  any  
b io log ica l  sample .  

In  n o n - l i v e r  cont ro l  expe r imen t s ,  pe r fusa te  concen t r a -  
t ions  o f  an  8 - m g  bo lus  o f  t o r e m i f e n e  decreased  m o n o e x -  
p o n e n t i a l l y  to app rox im a te ly  10% of  the  in i t ia l  concen t r a -  
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Table 2. Mass-balance results and relative percentages present as 
toremifene and metabolites in the isolated perfused rat liver. The relative 
proportions may be influenced by an unknown degree of metabolite 
binding to the circuit components 

% of total Proportion (%) present as 
dose 
accounted Toremifene TOR-1 Tor-III TOR-X 
for at 
180 rain 

Bolus 8 nag: 
Samples~, b 2.0 
Perfusate 0.6 64 36 - - 
Bile b 1.0 93 6 0.3 0.7 
Liver 21.0 59 39 1 1 

Steady-state 3 gg/ml: 
Samples a, b 0.9 
Perfusate 3.5 89 11 - - 
Bile b 0.5 90.5 6 0.5 3 
Liver 32.0 76 23 0.5 0.5 

Steady-state 10 gg/ml: 
Samples a, b 0 . 6  

Perfusate 4.2 93 7 - - 
Bile b 0.5 91 5 0.4 3.6 
Liver 32.0 80 19 0.5 0.5 

a Drug removed in samples taken for assays 
b Cumulative amounts over 3 h 
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Fig. 2. Steady-state perfusate toremifene concentrations achieved using a 
bolus dose of 3.0 mg followed by either a 36.4- ( I I )  or a 130.0 gg/min 
toremifene infusion ( � 9  Data represent mean values _+ SE (n = 4). 
Livers were exposed to these concentrations of toremifene in the antipy- 
rine-elimination experiments 

tion after 180 rain (Fig. 1). The conversion of toremifene to 
metabolites in the absence of a liver was minimal. Clear- 
ance by the perfusion circuit alone was 10% of that ob- 
served in the presence of a liver, and the volume of distri- 
bution was similar to the circuit volume of 80 ml (Table 1). 
This clearance of toremifene in the absence of a liver 
occurred even when glassware was silicone-coated or 
when a 10 times lower dose of toremifene was used. It also 
occurred after the removal of either the red blood cells or 
the bovine serum albumin from the perfusate. Red cell 
uptake was shown to be minimal. When a non-liver exper- 
iment was followed by rinses of the perfusion circuit with 
0.9% saline, air and then methanol, more than 20% of the 
delivered bolus dose was recovered in the methanol, prob- 
ably eluting from the perfusion-circuit tubing. 

Although not extensive, there was some metabolism of 
toremifene by the isolated perfused rat liver. TOR-I was 
the major metabolite detected, with the concentrations in 
perfusate after a bolus dose of toremifene ranging from 
15% to 55% of toremifene concentrations at 30 and 
180 rain, respectively. Of the 21% of the toremifene dose 
that remained in the liver at 180 min after bolus administra- 
tion of toremifene, 39% occurred as TOR-I (Table 2). 
TOR-III and TOR-X were found only in the bile and the 
liver. The proportions of metabolites produced in the 
steady-state experiments were similar to those detected in 
the bolus-dose experiments. 

Despite the elimination of toremifene b y  the perfu- 
sion circuit, moderate (3.4+0.82g/ml)  and high 
(10.1 + 1.0 gg/ml) steady-state concentrations of tore- 
mifene were achieved for the antipyrine-elimination stud- 
ies (Fig. 2). The perfusate elimination profiles of antipy- 
rine are shown in Fig. 3. No statistically significant differ- 
ence in antipyrine clearance or elimination half-life was 
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Fig. 3. Semilogarithmic plot of perfusate antipyrine elimination in isolat- 
ed perfused rat livers in the absence (O)  or presence of 3.0- (11) and 
10.0-gg/ml ( �9 ) steady-state concentrations of  toremifene or in the_pres- 
ence of  methanol vehicle ( ~ ) .  Data represent mean values _+ SE (n = 4) 

found between the 3- and 10-gg/ml toremifene experi- 
ments and the methanol-control values (Table 3), although 
antipyrine concentrations were elevated in the presence of 
10 gg/ml toremifene (Fig. 3). In contrast, a comparison of 
the control and the methanol-control experiments indicated 
that methanol did cause a statistically significant increase 
in the elimination half-fife of antipyrine (Table 3). 

There was some evidence that fiver viability was corn- - 
promised in the higher-dose experiments. In the 10-gg/ml 
toremifene experiments, perfusate toremifene concentra- 
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Table 3. Antipyrine pharmacokinetics during exposure to steady-state 
toremifene concentrations in the isolated perfused rat liver 

Treatment Clearance Half- l i fe  Volume of 
(ml/h) (h) distribution 

(ml) 

Control 56+- 10 1.4+- 0.2 109 +-4 

Methanol control 35+- 4** 2.2+-0.3* 112+3 

Toremifene: 
Steady-state 3 gg/ml 4 3 + - 1 6  2 . 1 + - 0 . 7  113__8 
Steady-state 10gg/ml 29+ 4*** 2.6+-0.3*** 107+-8 

Data represent mean values +- SD (n = 4) 
* P <0.05 relative to control values; ** P <0.054 relative to control 
values; *** P <0.05 relative to control values but not relative to methanol 
control values 

tions increased during the 3rd h (Fig. 2). Examination of 
the liver-viability parameters (Table 4) revealed a statisti- 
cally significant decrease in bile flow and a statistically 
significant increase in back-pressure at 180 min in the 10- 
gg/ml toremifene studies as compared with the methanol 
control. The methanol control had no statistically signifi- 
cant effect on these parameters in comparison with the 
control. A steady-state toremifene concentration of 
30.0 gg/ml could not be maintained; perfusate toremifene 
concentrations continually increased, and the bile flow 
ceased completely after 90 min. However, the hourly 
methanol infusion rate required to deliver the toremifene at 
this concentration was 3 times higher than those required 
for the two lower toremifene doses or in the methanol 
control. Experiments using methanol infusion at this higher 
rate resulted in a decrease in bile flow at 180 rain 
(0.173 +0.45  ml/h, n = 2). 

D i s c u s s i o n  

The isolated perfused rat-liver model is well suited to stud- 
ies of hepatic metabolism and biliary excretion [2, 22, 23]. 
Many experimental parameters can be controlled, and sam- 
pling and drug administration are simplified. Using this 
model, we have previously examined the hepatic metabo- 
lism of trimetrexate and have shown that cimetidine can 
inhibit its elimination [23]. Antipyrine elimination is a 
valuable model for investigating hepatic drug metabolism 
[111, and its use in the isolated perfused rat liver has been 
established [8, 9]. Patients receiving high-dose toremifene 
therapy (up to 300 mg/m 2 daily) show plasma toremifene 

concentrations ranging from 1.5 to 4.0 gg/ml [3], and the 
doses used in the present study are therefore clinically 
relevant. 

The hepatic mixed-function oxidases, or cytochromes 
P450, form a large family of enzymes with overlapping 
substrate specificity. They are involved in many oxidation 
reactions such as demethylation and hydroxylation. An- 
tipyrine is a known substrate for this system, and its dis- 
position has been used for many years as an index of 
hepatic drug-metabolising capacity, although the specific 
isoenzymes involved in its metabolism have not yet been 
identified. In the present study in the isolated perfused rat 
liver, toremifene did not significantly inhibit the elimina- 
tion of  antipyrine. The individual P450 isoenzyme that is 
responsible for converting tamoxifen to i~s major metabo- 
lite, N-desmethyltamoxifen, has recently been identified 
[5]. In view of the similarity in structure of tamoxifen and 
toremifene, it is likely that the same isoenzyme is involved, 
and we are currently investigating this possibility. There 
will likely be many other drugs sharing this isoenzyme, and 
the possibility of interactions and competition exists. 

The decrease in bile flow and the increase in back-pres- 
sure observed in the higher-dose toremifene studies may be 
evidence of impaired liver function. An inhibition of  drug 
metabolism resulting from the decrease in liver function 
might partly explain the increase in perfusate toremifene 
concentrations in the higher-dose steady-state toremifene 
studies (Fig. 2). However, it is also possible that 
toremifene or one of  its metabolites may have inhibited its 
own metabolism. There has been no report of hepatic tox- 
icity in clinical trials of toremifene, and although we did 
not detect any changes indicative of liver damage in 
19 patients in our high-dose phase I trial [3], the results of 
this pre-clinical study would suggest that patients on high- 
close toremifene should be monitored for signs of hepa- 
totoxicity. Liver damage due to tamoxifen is rare but has 
been reported [41. 

In this closed experimental system, it was possible to do 
a mass-balance calculation at the end of the 180-min perfu- 
sion. Of the total dose, less than 5% was recovered as 
toremifene or measured metabolites in perfusate and bile 
samples. It is unlikely that a significant amount would have 
remained undetected as other metabolites; 4-hydroxy- 
toremifene (TOR-II), which was not measured in the pre- 
sent study, is a major metabolite in rats but is present at 
only double the level of TOR-I [17]. At least 20% of  the 
dose was recovered in the liver homogenate. These find- 
ings indicate that the high clearance and volume of distri- 
bution of toremifene in this experimental model primarily 

Table 4. Liver viability in the toremifene and control experiments 

Bile flow (M/h) Back-pressure (cm perfusate) 

Pre-dmg 180 rain Pre-da'ug 180 min 

Control 0.67+ 0.12 0.49 +0.08 5.8 +0.6 6.8 +0.2 
Methanol control 0.84 + 0.13 0.52 + 0.06 5.3 + 0.8 11.0 +__ 2.6 
Toremifene 3 gg/ml 0.78+0.11 0.39• 6.6+--1.0 11.1 +-2.4 
Toremifene 10 gg/ml 0.69 +-0.05 0.22 +-0.05* 5.9 +-0.5 17.5 +- 1.8" 

Data represent mean values +_ SD (n=4) 
* P <0.05 relative to methanol control values 



reflect the uptake of toremifene by the rat liver. That ap- 
proximately 70% of the dose was not accounted for in 
biological samples suggests that other mechanisms also 
contributed to toremifene clearance. Control experiments 
confirmed that toremifene disappeared from the perfusate 
in the absence of a liver. Since toremifene is lipophilic and 
highly protein-bound (99.7% bound to serum proteins 
[16]), it may have bound to some of the circuit com- 
ponents. The toremifene elimination half-life obtained in 
the present study, which is identical to the half-life ob- 
served in the non-liver control, would therefore be an arti- 
fact representing the half-life of adsorption to the circuit 
components. These results serve to illustrate the impor- 
tance of doing non-liver control experiments when this 
investigational model is used. 

In humans, TOR-I is the major metabolite and is present 
at twice the concentration of toremifene. Previous studies 
in rats have shown that toremifene undergoes slow but 
extensive metabolism to many metabolites, most of which 
can be recovered in faeces over several days [17]. At- 
though no spontaneous conversion of toremifene to meta- 
bolites occurred in the absence of a liver, the metabolite 
concentrations observed in this study may not represent the 
true metabolite profiles. This is because the metabolites 
may have bound to the circuit components in a manner 
similar to that of the parent compound, and there is no way 
to predict their relative affinities for such binding. Regard- 
less of this unknown factor, the data remain useful for 
general comparisons. In the bolus-dose studies, TOR-I was 
present in perfusate at approximately 60% of toremifene 
concentrations after a 3-h perfusion. Similarly, a high per- 
centage of the toremifene dose remaining in the liver oc- 
curred as TOR-I. In contrast, over 90% of the dose excreted 
in bile over 180 min was recovered in the form of parent 
toremifene. Therefore, if only a small percentage is eventu- 
ally excreted unmetabolised, extensive reabsorption of 
toremifene due to enterohepatic recycling must be occur- 
ring. Enterohepatic recirculation has been reported in both 
rats and humans [17, 25]. 

Toremifene is metabolised and excreted by the isolated 
perfused rat liver, but a significant amount binds to the 
perfusion circuit, preventing the determination of pharma- 
cokinetics. Although clinically relevant doses of 
toremifene do not inhibit the elimination of antipyrine, 
high concentrations may cause liver damage, and monitor- 
ing of the liver function of patients receiving high-dose 
toremifene may be warranted. 
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