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Abstract

Doxorubicin is an effective anticancer agent that is limited by numerous adverse effects,
cardiotoxicity causing the most concern. Its alcohol metabolite, doxorubicinol, and free
radicals have been implicated in the aetiology of this toxicity. This study was based on the
premise that inhibition of aldo±keto reductases would improve the ef®cacy of doxorubicin
by reducing its toxic metabolites and modifying its pharmacokinetics. We assessed the
effect of in-vitro inhibition of aldo±keto reductases on the metabolism of doxorubicin in
cytosolic fractions of heart and liver of rats in the presence of Na-phenobarbital.

The inhibition was con®rmed by a signi®cant reduction in the formation of doxo-
rubicinol. The results of the in-vitro study were further evaluated in-vivo. The con-
centrations of doxorubicin in plasma, bile and urine and its major metabolites in bile and
urine were measured in Na-phenobarbital-pretreated rats. Each rat received 100 mg
kgÿ1=day intraperitoneal injection of sodium phenobarbital for three days followed by a
single intravenous dose of 10 mg kgÿ1 [14C-14]doxorubicin (sp. act. 0�2mCi mgÿ1) on the
fourth day. The levels of drug in all biological samples were measured by HPLC. The
pretreatment resulted in an increase in biological half-life (5�8� 1�5 vs 3�7� 0�93 h control
group, P< 0�05) and area under plasma concentration±time curve (19�6� 1�7 vs
14�65� 1�68 mg h Lÿ1 control group, P< 0�05). The cumulative amount of doxorubicinol
in the bile and urine of pretreated animals was reduced signi®cantly. In terms of % dose,
the amount in the bile declined from 4�2� 0�8% in control to 2�4� 0�3% and in urine from
0�18� 0�08% to 0�12� 0�07%. There were no signi®cant changes in doxorubicin aglycone
and doxorubicinol aglycone. Serum creatine kinase levels were measured as a biomarker of
damage to cardiac muscle. The area under creatine kinase level±time curve was reduced
by approximately 50% in phenobarbital-pretreated animals.

The results indicate that the inhibition of aldo±keto reductase could provide a useful
approach to improve the safety of doxorubicin by reducing its alcohol metabolite. Fur-
thermore, if the reduction in the area under the serum creatine kinase±time curve repre-
sents a reduced damage to heart muscle, it can be concluded that doxorubicinol plays an
important role in this injury.

Doxorubicin is an anthracycline antibiotic with a
wide spectrum of antitumour activity. Clinical use
of doxorubicin is limited because of the potential
for the development of side effects. Doxorubicin-
induced cardiotoxicity is the greatest concern
(Lefrak et al 1973; Buzdar et al 1985; Lee et al

1987). Nephrotoxicity and other adverse effects are
also of clinical importance. The main metabolites
of doxorubicin are a water-soluble alcohol meta-
bolite doxorubicinol, two poorly water-soluble
aglycones (doxorubicin aglycone and doxo-
rubicinol aglycone) and a deoxy form of the agly-
cones. The metabolism of doxorubicin to doxo-
rubicinol occurs by cytoplasmic NADPH depen-
dent aldo±keto reductase, whereas aglycones are
formed by cleavage of the amino sugar moiety of
doxorubicin in microsomes by NADPH dependent
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cytochrome P450 reductase (Gewirtz & Yanovich
1987). It has been proposed that free radicals play a
role in the aetiology of doxorubicin-induced toxi-
city. The formation of the free radical, either from
parent compound or metabolite, is also mediated by
NADPH dependent cytochrome P450 (Powis 1991;
Myers 1992). The presence of such free radicals
was also con®rmed by the reduction of cardio-
myopathy by antioxidants (Doroshow et al 1981;
Vora & Boroujerdi 1996).

Phenobarbital induces a number of liver proteins,
including P450, glutathione S-transferase, UDP-
glucuronosyltranferase and epoxide hydrolase
(Waxman 1992). Among the several forms of P450,
the CYP2B isozymes are more sensitive to induc-
tion by phenobarbital in rats (Funae & Imaoka
1993). However, phenobarbital is also known to
inhibit the activity of cytosolic aldehyde reductase
in the heart (Kawalek & Gilbertson 1976), liver
(Felsted et al 1977; Tulsiani & Touster 1977;
Ahmed et al 1978), kidney (Bosron & Prairie 1972)
and brain (Erwin et al 1972; Bronaugh & Erwin
1973) tissues.

It has been reported that doxorubicinol, the water
soluble and circulating alcohol metabolite, is the
major cause of cardiotoxicity (Del Tacca et al
1985; Danesi et al 1986; Minotti et al 1995). There
is compelling evidence that doxorubicinol, but not
doxorubicin, accumulates in cardiac tissue after a
multiple dosing regimen in rats (Olson et al 1988).
Analysis of autopsy samples of heart of patients
who had received doxorubicin also corroborated
that doxorubicinol was the major compound in the
heart followed by the parent compound. Doxo-
rubicinol is a more potent inhibitor of Na=Ca
exchange in sarcolemma than doxorubicin (Olson
et al 1988).

In this study, we studied the effect of Na-pheno-
barbital, an inhibitor of aldo±keto reductase
enzyme systems, on the metabolism and pharma-
cokinetics of doxorubicin. We have hypothesized
that the inhibition of aldo±keto reductase would be
an appropriate approach to protect the body against
the toxicity induced by doxorubicinol. The serum
creatine kinase level was selected as the toxicity
biomarker and the area under its serum level±time
curve was chosen as the toxicodynamic parameter.

Materials and Methods

Chemicals
Doxorubicin and its major metabolites doxo-
rubicinol, doxorubicin aglycone and doxorubicinol
aglycone were gifts from Pharmacia & Upjohn
(Albuquerque, NM). Radiolabelled doxorubicin

(14C-14, sp. act. 102mCi mgÿ1) was purchased
from Amersham Corp. (Arlington Height, IL).
Reagents of total protein and creatine kinase were
purchased from Sigma Chemical Co. (St Louis,
MO). Na-phenobarbital was obtained from Merck
& Company, Inc. (Rahway, NJ). HPLC grade sol-
vents, liquid scintillation ¯uid (Scintiverse E),
polyethylene catheter (PE-10), and other analytical
grade reagents and chemicals were purchased from
Fisher Scienti®c (Spring®eld, NJ). Tissue solu-
bilizer (BTS-450) was purchased from Beckman
Instruments Inc. (Fullerton, CA).

Animals and experimental protocol

In-vitro study. Male Sprague±Dawley rats (250±
350 g, Taconic Farms, Germantown, NY) were
pretreated with Na-phenobarbital (100 mg kgÿ1=
day, i.p.) or normal saline (1 mL kgÿ1=day, i.p.) for
three days (n� 4 per group). A third group received
no pretreatment. The animals were housed in a
climate- and light-controlled environment and had
access to food and water. All three groups of ani-
mals were killed and their microsomal and cyto-
solic fractions of the heart and liver were prepared
according to the method of Boyd et al (1978). The
microsomal or cytosolic incubation was then car-
ried out in triplicate with 2 mg of proteins, 0�5 mM

NADPH, 0�034 mM doxorubicin and 0�05 M Tris
buffer pH 7�4 in a ®nal volume of 2 mL, at 37�C in
a shaking water bath for 60 min. To the incubations
of the third group Na-phenobarbital (1 or 5 mM)
was added directly. A solution of doxorubicin was
also incubated in the absence of proteins with all
ingredients of the incubation. The enzymatic reac-
tions were stopped by addition of acetone (500mL).
Samples were then centrifuged and their super-
natants were analysed by HPLC.

In-vivo study. In two groups of animals (n� 5 per
group), the in-vitro pretreatment protocol was fol-
lowed by the in-vivo study. On the third day, after
the last pretreatment dose, the animals were
anaesthetized with sodium pentobarbital (Nembu-
tal), and were kept under anaesthesia throughout
the study. The total dose of sodium pentobarbital
did not exceed 50 mg during the 10-h experiment.
The bile duct of both groups was catheterized using
a polyethylene catheter (PE 10) (Behnia & Borou-
jerdi 1998). The tail vein was also catheterized for
blood sampling using PE-10 and a 20-gauge needle
as a trocar. The dose, 10 mg kgÿ1 [14C-14]
doxorubicin (sp. act. 0�2mCi mgÿ1), was injected
via the femoral vein and serial blood samples
(100mL) were collected from the tail vein. The total
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radioactivity of plasma and blood cells was deter-
mined after treating the blood cell samples with
tissue solubilizer (0�5 mL) followed by de-colora-
tion with hydrogen peroxide. Bile samples were
collected periodically with a ®nal volume of 100±
200 mL. Urine samples were collected directly from
the bladder at the end of the experiment.

Assessment of biomarker. The serum creatine
kinase levels were measured in four separate
groups of rats. After pretreatment with normal
saline or Na-phenobarbital, two groups (n� 3 per
group) received normal saline via the caudal vein
and two groups (n� 5 per group) received an
intravenous injection of non-radiolabelled doxo-
rubicin (10 mg kgÿ1). Since the serum creatine
kinase level subsided to its basal level 1 h after the
caudal vein catheterization, doxorubicin or normal
saline was injected 1 h after the catheterization. The
serum levels were determined at different time
intervals and analysed as % basal level.

Analysis of biological samples. The concentra-
tions of doxorubicin and its major metabolites were
assayed by an HPLC system (Waters, Milford,
MA). It consisted of solvent delivery pumps, an
autosampler (Hitachi AS-2000 Danbury, CT),
Novapak C18 radial compression unit, Sentry C18

Novapak guard column (Waters), a data module
and two online detectors, a ¯uorometer with
480=540 nm wavelengths (Gilson, Middleton, WI)
and a radioactivity detector (Beta Flo, Packard,
Meriden, CT). The mobile phase consisted of
methanol=ammonium formate buffer (0�1%,
pH 4�0) at a ratio of 70 : 30. The isocratic chroma-
tography was carried out at a ¯ow rate of
2 mL minÿ1. To con®rm the retention times,
authentic standard solution were routinely injected
after every sixth to tenth sample injection. The
guard column was replaced regularly and the col-
umn was changed when it was necessary.

Pharmacokinetic data analysis. Various models
were ®tted to plasma data and the appropriateness
of a two-compartment model was determined using
Akaike and Schwarz criteria (Ludden et al 1994)
and the software PCNONLIN (Scienti®c Consult-
ing Inc., Lexington, KY). The following are the
general equations:

Cp � Aeÿat � Beÿbt �1�
AB � kb��Ab� Ba�=ab� ÿ kb��A=a�eÿat

� �B=b�eÿbt �2�
A1B � kb��Ab� Ba�=ab� �3�

Where, Cp is the plasma concentration of doxo-
rubicin at time t. A and B are the coef®cients of the
exponential terms with units of mass=volume. The
®rst-order hybrid-rate constants of a and b corre-
spond to the ®rst and second phases of disposition,
respectively. AB is the cumulative amount of doxo-
rubicin eliminated in the bile at time t, A1B is the
total amount of the drug that ultimately will be
eliminated unchanged in the bile, and kb is the
corresponding ®rst-order biliary rate constant.

The pharmacokinetic parameters of doxorubicin
associated with blood cells were calculated by
model-independent non-compartmental analysis
using the following general equations:

CLT � Dose=AUC �4�
MRT � AUMC=AUC �5�
Vdss � MRT � CLT �6�

Where, CLT is clearance, AUC is the area under the
concentration±time curve, MRT is mean residence
time, AUMC is the area under the ®rst moment
curve, and Vdss is the volume of distribution.

Results

In-vitro metabolism study
The weight of the liver in Na-phenobarbital pre-
treated animals increased signi®cantly (15� 0�36
vs 11� 0�5 g control group). This was consistent
with an elevation of total protein concentration of
the liver microsomal fractions (19� 2�5 vs
12� 0�62 mg mLÿ1 control group). However, the
protein content of the cytosolic fractions remained
the same. Pretreatment had no effect on the weight
of the heart or the total protein content of its
microsomal or cytosolic fractions.

Approximately 5% (5�12%� 0�89) of the amount
of doxorubicin (0�034 mM) incubated with liver
microsomes of the control group was converted to
doxorubicin aglycone. The level of this metabolite
increased in the Na-phenobarbital pretreated group.
However, the increase was not statistically sig-
ni®cant. The levels of this metabolite in the heart
microsomal incubation were even less than the
liver (2�67%� 0�98). As expected, due to the
absence of doxorubicinol in the microsomal incu-
bation, doxorubicinol aglycone was not detected.

The cytosolic incubations of both organs cata-
lysed the reductive conversion of doxorubicin to
doxorubicinol. This conversion was approximately
19% (19%� 2�9) for the liver and 8% (8%� 0�98)
for the heart of the control group. This conversion
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was inhibited signi®cantly by direct addition of Na-
phenobarbital to the incubations. The % inhibition
for 1 and 5 mM Na-phenobarbital was 20% and
40%, respectively (Table 1). We did not detect
doxorubicin aglycone or doxorubicinol aglycone in
cytosolic incubations.

In-vivo study

Plasma data. The plasma concentrations of doxo-
rubicin after saline or Na-phenobarbital pretreat-
ment were analysed for each rat by PCNONLIN
(Figure 1). Na-phenbarbital pretreatment increased
the parameter and constant of the initial rapid
decline of plasma concentration (A and a), the
distribution rate constants between the two com-
partments (k12 and k21), the mean residence time
(MRT) and the area under the plasma con-
centration±time curve (AUC). However, the para-
meter and constant of the disposition phase (B and
b), the elimination rate constant (k10) and the total
body clearance (CLT) were decreased. The calcu-
lated data are presented in Table 2.

Blood cells data. The radioactivity associated
with blood cells was normalized with respect to the
number of cells. The non-compartmental analysis

Table 2. Pharmacokinetic parameters and constants of doxorubicin in saline- (control) and phenobarbital-pretreated rats.

Parameter or constant Saline Phenobarbital

Coef®cient of ®rst exponential (mg Lÿ1) 29�90� 5�83 37�39� 7�15
Coef®cient of second exponential (mg Lÿ1) 2�18� 0�62 1�71� 0�40
First hybrid rate constant (hÿ1) 9�48� 1.80 16�20� 3�00*
Second hybrid rate constant (hÿ1) 0�19� 0�03 0�12� 0�02*
Overall elimination rate constant (hÿ1) 2�40� 0�36 1.86� 0�18
Transfer rate constant to peripheral compartment from central compartment (hÿ1) 6�54� 0�36 13�20� 1.24*
Transfer rate constant to central compartment from peripheral compartment (hÿ1) 0�72� 0�10 1.03� 0�48
Total body clearance (mL minÿ1) 4�58� 0�78 2�30� 0�22*
Area under plasma concentration±time curve (mg min mLÿ1) 654�80� 89�10 1146�80� 106�00*
Mean residence time (h) 3�40� 1.19 8�84� 1.42*

*P< 0�05. Dose� 10 mg kgÿ1. The value of each parameter or constant is presented as mean� s.d.

Figure 1. Comparison of the plasma concentration±time
pro®les of doxorubicin in saline (s) and phenobarbital (d)
pretreated rats. The ®tted lines were generated by the related
two-compartment models and PCNONLIN. The data points are
presented as mean� s.d. (n� 5).

Table 1. Inhibitory effect of phenobarbital on reductive conversion of doxorubicin to doxorubi-
cinol in the heart and liver cytosols.

Phenobarbital (mM) Liver Heart

% Doxorubicin % Doxorubicinol % Doxorubicin % Doxorubicinol

1 97�11� 3�9 81.21� 4�1* 129�47� 15�5 117�17� 16�6
5 127�10� 4�2* 58�3� 16�4** 106�77� 2�0 54�68� 21.2**

Each value is presented as percent of control and represents mean� s.d. *P< 0�05, **P< 0�01.
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revealed that the AUC and MRT of doxorubicin
associated with blood cells were signi®cantly
higher in Na-phenobarbital pretreated animals.
Correspondingly, the related clearance term was
much smaller. The data are presented in Table 3.

Bile data. The total radioactivity recovered in the
bile of control and Na-phenobarbital pretreated
groups accounted for 29� 6�25% and 32� 2�70%

of the dose, respectively. These values represent
doxorubicin and all of its metabolites during the
10-h experiment. The difference is not statistically
signi®cant. However, the pretreatment with Na-
phenobarbital increased the level of doxorubicin
and reduced the level of doxorubicinol in the bile.
There was no signi®cant change in other metabo-
lites such as aglycones and the combined polar
metabolites such as conjugates. The comparison of

Figure 2. Effect of saline (open symbols) and phenobarbital (closed symbols) pretreatment on the elimination of doxo-
rubicin and its metabolites in the bile. The ®tted lines are generated by the equation of the biliary elimination of the two-
compartment model and PCNONLIN. The data points are presented as mean� s.d. (n� 5).

Table 3. Effect of Na-phenobarbital pretreatment on pharmacokinetic parameters of doxorubicin
associated with blood cells using non-compartmental analysis.

Parameter Saline (control) Na-phenobarbital

Area under doxorubicin concentration associated
with blood cells vs time (mg h Lÿ1)

3�08� 0�19 9�32� 1�68*

Mean residence time (h) 11.83� 1.78 26�78� 5�02*
Volume of distribution (L) 9�60� 0�54 7�56� 0�35
Clearance (L hÿ1) 13�54� 1�02 4�71� 0�87**

Values are mean� s.d. *P< 0�05 , **P< 0�01.
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the total amount of metabolites, as % dose, is
presented in Table 4, and the time course of their
cumulative amount eliminated in the bile is pre-
sented in Figure 2. The biliary data were analysed
according to equations 2 and 3 and the related ®rst-
order biliary rate constant, kb, of each metabolite
and the predicted plateau level, A1B are reported in
Table 4. The solid lines shown in Figure 2 were
generated by ®tting the data to equation 2.

Urine data. The total urinary excretion of the
parent compound and the metabolites as % dose
during the 10-h urine collection was 8�22� 0�91%
for control group and 6�40� 1�37% for Na-pheno-
barbital group. There was a signi®cantly higher
elimination of doxorubicin in the pretreated group
(3�87� 0�38% vs 2�34� 1�07% control, P< 0�05).
Doxorubicin aglycone remained essentially the
same (0�67� 0�15% vs 0�60� 0�16% control).

Doxorubicinol and doxorubicinol aglycone were
reduced (doxorubicinol: 0�120� 0�07% vs
0�182� 0�08% control; doxorubicinol aglycone:
0�412� 0�04% vs 0�66� 0�28% control) and the
polar compounds, eluted at the beginning of chro-
matography, were also reduced (approx. 4% for
control and 2% for pretreated group).

Biomarker data. Our preliminary data indicated
that the caudal vein catheterization or the injection
of anaesthetic did not alter the normal levels of
creatine kinase (Figure 3). The injection of doxo-
rubicin to the control group resulted in a signi®cant
elevation of the serum levels of creatine kinase. Na-
phenobarbital pretreatment, 100 mg kgÿ1=day,
lowered both the maximum serum concentration of
this biomarker and its area under the curve

Table 4. Comparison of the effect of saline and phenobarbital pretreatment on the biliary elimination of doxorubicin and its
metabolites and their related biliary rate constants.

Saline=phenobarbital Doxorubicin Doxorubicinol Doxorubicin
aglycone

Doxorubicinol
aglycone

Total amount eliminated in 10 h as % dose (saline
pretreatment){

14�53� 0�81 4�25� 0�80 2�49� 0�51 2�78� 0�93

Total amount eliminated in 10 h as % dose (phenobarbital
pretreatment){

18�52� 1�50* 2�43� 0�39* 2�17� 0�68 2�71� 0�38

Predicted maximum amount as % dose at (saline
pretreatment)

24�46 5�94 3�28 5�06

Predicted maximum amount as % dose at (phenobarbital
pretreatment)

18�66* 2�49* 2�25 4�27

Predicted biliary elimination rate constant (hÿ1)
(saline pretreatment)

1.20 3�70 2�70 1.92

Predicted biliary elimination rate constant (hÿ1)
(phenobarbital pretreatment)

3�24* 2�28* 2�64 1.62

*P< 0�05. {Results are expressed as mean� s.d.

Figure 4. Serum creatine kinase activity after the injection of
doxorubicin to phenobarbital (d) and saline (j) pretreated
rats. The data points are presented as mean� s.d. (n� 5).

Figure 3. Serum creatine kinase activity after the injection of
saline to phenobarbital (s) and saline (u) pretreated rats. The
data points are normalized with respect to the basal value
(Ct=C0) and are presented as mean� s.d. (n� 5).

1280 KAMELIA BEHNIA AND MEHDI BOROUJERDI



(AUCCK) by more than 50% (Figure 4). The data
were plotted as % basal level. The AUCCX for
control and pretreated groups were 52�95� 13�5
and 23�40� 8�5, respectively (P< 0�05).

Discussion

Na-phenobarbital pretreatment did not reduce the
concentration of doxorubicin, suggesting that it did
not elicit its protective effect by reducing the ef®-
cacy of doxorubicin. The in-vivo data demonstrated
that the pretreatment increased the duration of
action of doxorubicin. This was evident by the
observed increase of the biological half-life and
mean-residence time. The effect of the pretreatment
on the disposition constants of the drug, such as
reduction of overall elimination rate constant and
total body clearance was very much consistent with
the in-vitro observation of the inhibition of aldo±
keto reductases. The direct outcome of this inhi-
bition was the increase in the area under the curve
and longer exposure to doxorubicin. We were
rather surprised with the amount of drug associated
with blood cells. Indeed, blood cells are a major
factor in the overall disposition of doxorubicin. The
pretreatment further increased the area under doxo-
rubicin level associated with blood cells. This
increase can be interpreted as either Na-pheno-
barbital inhibited the release of doxorubicin from
blood cells, or it inhibited the metabolism of the
drug and the increase in plasma concentration
enhanced the uptake by blood cells. The second
interpretation seems more in agreement with the
plasma data and is consistent with changes of mean
residence time and clearance.

Na-phenobarbital is known to increase the bile
¯ow rate. We observed this effect by the initial
increase of the total biliary elimination of doxo-
rubicin and its metabolites. However, this effect was
temporary and returned to control levels after
approximately 3 h. The increase of the bile ¯ow rate
did not change the elimination of the total amount of
radioactivity, i.e. doxorubicin and its metabolites,
signi®cantly. The observed cumulative amount as %
dose was 31�9% vs 28�84% control. The estimated
biliary rate constant of doxorubicin in the pretreated
group was greater than control. We attributed this to
the increase of the bile ¯ow rate. The alcohol meta-
bolite, doxorubicinol, was the major metabolite
detected in the bile. The observed cumulative
amount of this metabolite accounted for approxi-
mately 4�25% of the dose. The pretreatment reduced
this amount by 50%. Despite the obvious reduction
in the total amount of doxorubicinol, the biliary
levels of doxorubicinol aglycone remained unal-

tered. The results of the in-vitro investigation also
revealed a marked inhibition of doxorubicinol in the
liver and heart after direct addition of Na-pheno-
barbital. In spite of the induction of P450 in micro-
somal fractions of the heart and liver by Na-
phenobarbital, the levels of aglycones remained
unchanged. From this observation we con®rmed that
CYP2B isozymes had no role in the formation of
aglycones and NADPH CYP450 reductase was
unaltered by the pretreatment.

An interesting result of this study was the effect
of inhibition of aldo±keto reductases on the serum
levels of creatine kinase after the injection of
doxorubicin. The pretreatment with sodium pheno-
barbital had no effect on the levels of creatine
kinase. However, the levels of this biomarker in
corn oil-treated animals receiving doxorubicin
peaked within 2 h after doxorubicin injection and
remained at high levels for nearly 10 h. The serum
levels of creatine kinase and its corresponding
AUCCK in the pretreated group were much lower
than in the control group. In spite of the signi®cant
increase in concentration of doxorubicin, the level
of creatine kinase remained less than control. It was
concluded that doxorubicin was not as toxic as
doxorubicinol and the inhibition of aldo±keto
reductases was the reason for the reduction in the
level of creatine kinase.

Our data clearly demonstrated the potential ben-
e®t of inhibition of aldo±keto reductases with
doxorubicin therapy. The results show that by
inhibiting the formation of doxorubicinol the con-
centration of doxorubicin in plasma increased
whereas the toxicity decreased. Therefore, it can be
concluded that the inhibition of aldo±keto reduc-
tases may increase the effectiveness of doxo-
rubicin. The purpose of using Na-phenobarbital at
the dose used in this study was to ensure a sig-
ni®cant in-vivo inhibition of aldo±keto reductases
after three days pretreatment. Considering the
lipophilic nature of Na-phenobarbital and its very
long half-life, smaller doses over a longer period of
pretreatment may also provide considerable inhi-
bition. Obviously, with a more potent, highly spe-
ci®c and safe inhibitor, a more convenient regimen
could be designed. Among the marketed thera-
peutic agents there are a few compounds known to
inhibit aldo-keto reductases. Compounds such as
nitrazepam, chlopromazine and reserpine have
been shown to inhibit this enzyme system in dif-
ferent organs (Inazu et al 1996). More potent
inhibitors exist such as ethyl 1-benzyl-3-hydroxy-
2(5H)-oxopyrrole-4-carboxylate (Mylari et al
1991), but their application requires further scru-
tiny before in-vivo application. In general, for the
diverse purposes related to the inhibition of the
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biological roles of aldo±keto reductases, further
investigation is needed to identify safer and more
appropriate inhibitors of this enzyme system.
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