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Two widely used antipsychotic drugs, chlorpromazine (CPZ) and tri-
fluoperazine (TFZ) inhibit NADPH-induced microsomal lipid peroxidation
(LPO). Study of microsomal membrane fluidity revealed considerable disor-
ganization in its architecture in the presence of NADPH, which can be re-
stored back in the presence of CPZ and TFZ. NADPH-dependent microso-
mal LPO is catalyzed by NADPH:cytochrome P450 reductase. These drugs
also inhibit the activity of this enzyme. TFZ always shows stronger inhibi-
tory effect than CPZ. TFZ contains a trifluromethyl group (CF

�
) in its second

position that gives rise to stronger electron abstraction tendency by which
LPO and NADPH:cytochrome P450 reductase activity is inhibited more
potently than by CPZ which contains a chlorine ligand in the same position.
Due to the stronger antioxidant property of TFZ, it can be prescribed as
a better therapeutic agent, which plays a protective role for the cellular system.
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INTRODUCTION

Chlorpromazine (CPZ) and trifluoperazine (TFZ)
are phenothiazine derivatives commonly used as
antipsychotic tranquillizers [1]. Besides therapeutic
purposes, both the drugs manifest some long-term
side effects, e.g. extrapyramidal syndrome and he-
patic disorder. The basic structural difference be-
tween the two drugs is that TFZ has an extra hydro-
phobic group in its tail region and has three fluo-
rine atoms instead of one chlorine atom in CPZ
(Fig. 1). It is now well established that oxidative
damage such as lipid peroxidation (LPO), protein
oxidation and DNA damage producing free radi-
cals play a crucial role in most health problems
[20]. Many different enzymatic and non-enzymatic
agents can trigger LPO in biological systems, e.g.
NADPH:cytochrome P450 reductase, lipooxyge-
nase, iron reduction by ascorbate etc. [7].

This paper is an attempt to establish that NADPH-
-initiated rat liver microsomal LPO and alteration
of membrane fluidity is protected by the presence
of either CPZ or TFZ. NADPH-dependent LPO is
catalyzed by NADPH:cytochrome P450 reductase
[26]. This flavoprotein reduces cytochrome P450
(Fe#�) to cytochrome P450 (Fe#$), which readily
reacts with molecular oxygen and ultimately initi-
ates LPO and protein oxidation in microsomes [16,
17, 26]. This paper also demonstrates that CPZ and
TFZ inhibit NADPH:cytochrome P450 reductase
activity by which LPO is prevented.

MATERIALS and METHODS

CPZ and TFZ were obtained as gifts from Sun
Pharmaceuticals, India. NADPH, cytochrome C,
2-thiobarbituric acid, bovine serum albumin (BSA),
1,6-diphenyl-1,3,5-hexatriene (DPH), were pur-
chased from Sigma Chemical Co. (St Louis, MO,
USA). All other reagents were of analytical grade.

Experiments were carried out on male Wister
rats (150–175 g), fed with a standard granulated
diet with free access to tap water.

Preparation of microsomes

Rat was starved overnight to deplete the level of
glycogen and fatty acids in the liver. The animal
was killed by decapitation and allowed to bleed for
30 s. The liver was quickly removed and placed in
chilled beaker containing 0.15 M KCl and 50 mM
Tris HCl buffer, pH 7.4. Excess blood from liver
sample was removed by successive washing. The
tissue (1 g/3 ml) was homogenized and microsomal
fraction was prepared according to the method de-
scribed by Mukhopadhyay and Chatterjee [16]. Pro-
tein concentration was maintained at approximately
10–20 mg/ml of microsomal suspension according
to the requirement. Microsomal protein was esti-
mated according to the method of Lowry et al. [14].

Lipid peroxidation assay

NADPH-dependent microsomal LPO was mea-
sured according to the method of Chakraborty et al.
[4]. Freshly prepared microsomes were used to
monitor the formation of thiobarbituric acid reactive
substances (TBARS). Microsomal protein (0.2 mg)
was incubated for 30 min at 37°C with 0.25 mM
NADPH, in 50 mM phosphate buffer (pH 7.4) to
initiate LPO; final volume of the reaction mixture
was 1 ml. In the next part of the experiment, in-
creasing concentrations of CPZ and TFZ were added
separately in the same incubation system. TBARS
were measured at 535 nm and were quantitated on
the basis of the extinction coefficient value of 1.56
× 10� M% cm% [6]. Buege and Aust [3] demon-
strated that both microsomal membrane and phos-
phate buffer contain sufficient contaminating iron
to facilitate NADPH-dependent microsomal LPO.

Membrane fluidity determination

The washed microsomal membrane (0.2 mg)
was incubated as before with NADPH, NADPH +
CPZ, and NADPH + TFZ for 30 min at 37°C. After
incubation, the membrane was washed by centrifu-
gation in 50 mM Tris HCl buffer pH 7.4, for 30 min
(105,000 × g, 4°C) and resuspended in the same
buffer. Lipid fluidity of different membrane sus-
pensions was measured by fluorescence depolariza-
tion technique, using the fluorophore DPH [10, 18].
A stock solution of 2 mM DPH in tetrahydrofuran
was prepared. Both control and drug-treated mem-
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Fig. 1. Structure of chlorpromazine and trifluoperazine



brane preparations were incubated in 50 mM Tris
HCl buffer (pH 7.4) containing 1 � M DPH suspen-
sion for 90 min at 37°C. Fluorescence polarization
was measured at 25°C in Hitachi spectrofluorime-
ter (F3010) equipped with polarizers using an ex-
tinction wavelength of 360 nm and emission wave-
length of 430 nm. Fluorescence polarization was
calculated according to Halder and Bhaduri [9].

Fluorescence anisotropy (r) was derived accor-
ding to the formula r = (I&& – I

�
) / (I&& + 2I

�
), where I&&

and I
�

are the fluorescence intensities detected
through a polarizer oriented in parallel and perpen-
dicular directions to the direction of excitation
light. Apparent microviscosity � was calculated
from the anisotropy values � = [r�/r – 1]% , where
r�, the maximal limiting anisotropy, was assumed
to be 0.362, [23]. Background fluorescence and light
scattering were corrected for each sample. Fluores-
cence polarization of DPH is largely a measure of
lipid arrangement rather than the rate of motion.
However, the lipid structural order is considered
a useful parameter of fluidity [24].

NADPH:cytochrome P450 reductase assay

This enzyme catalyzes electron transfer from
NADPH to cytochrome C. Its activity was monito-
red spectrophotometrically at 340 nm using Hitachi
spectrophotometer, model U3210 against a reagent
blank according to the method described by Scholz
et al. [21]. The reaction mixture (1 ml) contains
100 � g of microsomal protein in 0.3 M potassium
phosphate buffer (pH 7.7), and 100 � M NADPH.
The reaction was initiated by adding cytochrome C
and the rate of NADPH oxidation was calculated
both in control as well as in phenothiazine-treated
microsomes using an extinction coefficient of 6.2
mM% at 340 nm.

RESULTS

Protection by CPZ and TFZ against

NADPH-induced microsomal lipid

peroxidation

Like other biological membranes, microsomal
membrane is also prone to lipid peroxidation under
oxidative stress, as they are largely composed of
polyunsaturated fatty acids. Table 1 shows that
NADPH-initiated microsomal LPO is inhibited by
CPZ and TFZ, and TFZ shows stronger inhibitory

effect than CPZ. LPO was approximately the same
in untreated, CPZ-treated and TFZ-treated mem-
branes. Peroxidation reactions involving free radi-
cals in lipid domains results in damage to integral
membrane proteins, leading to alteration of mem-
brane dynamics and function [22]. NADPH-depen-
dent microsomal LPO is mediated by cytochrome
P450. Activity of cytochrome P450 is lost during
NADPH-dependent microsomal LPO [3], although
the mechanism of inactivation appears to involve
destruction of heme group rather than the loss of
membrane integrity.

Table 1. NADPH-induced lipid peroxidation in the presence of
CPZ and TFZ

No. Experimental system TBARS/30 min
(nmol/mg of protein)

% of
control

1. Membrane 1.53 ± 0.07 100

2. [1] + 100 � M CPZ 1.49 ± 0.06 97

3. [1] + 100 � M TFZ 1.48 ± 0.05 96

4. [1] + 0.25 mM NADPH 3.11 ± 0.17 203

5. [4] + 50 � M CPZ 2.77 ± 0.14 181

6. [4] + 50 � M TFZ 2.41 ± 0.12 157

7. [4] + 100 � M CPZ 1.95 ± 0.08 127

8. [4] + 100 � M TFZ 1.72 ± 0.07 112

Reaction mixture contained 50 mM phosphate buffer pH 7.4
and 0.2 mg of microsomal protein/ml. Other treatments are indi-
cated in the Table. The absorbance value of NADPH with thio-
barbituric acid reagent in the absence of microsomal membrane
was subtracted from the corresponding sample absorbance
value. Results are presented as the mean ± SD of five indepen-
dent experiments

Study on membrane fluidity

Peroxidations of membrane lipids reflect strong-
ly the lipid packing density and microviscosity of
lipid bilayer. Microviscosity is inversely related to
membrane fluidity [11]. Table 2 illustrates that mi-
croviscosity is significantly increased when micro-
somes are treated with NADPH for 30 min. CPZ
and TFZ restored the microviscosity of the mem-
brane to its corresponding control value when pre-
sent with NADPH. But in absence of NADPH,
CPZ and TFZ could not change the fluorescence
anisotropy of microsomal membrane. Again whether
CPZ or TFZ have any protective role against pre-
oxidized microsomes was also studied by washing
NADPH-induced oxidized microsomes by ultra-
centrifugation followed by incubation with these
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drugs, when no significant change of fluorescence
anisotropy and LPO (Tab. 3) was noticed. Thus, mi-
crosomal membrane oxidation and loss of fluidity
can only be prevented when microsomes are simul-
taneously incubated with NADPH and these drugs.

Table 2. Effect of CPZ and TFZ on NADPH-induced apparent
microviscosity of microsomes

No. Experimental system Fluorescence
anisotropy (r)

Microviscosity
(� )

1. Control microsome 0.1807 ± 0.06 0.9967

2. [1] + 100 � M CPZ 0.1825 ± 0.07 1.0167

3. [1] + 100 � M TFZ 0.1817 ± 0.05 1.0077

4. [1] + 0.25 mM NADPH 0.236 ± 0.09 1.873

5. [4] + 50 � M CPZ 0.2113 ± 0.07 1.4021

6. [4] + 50 � M TFZ 0.2017 ± 0.07 1.2582

7. [4] + 100 � M CPZ 0.1911 ± 0.05 1.1181

8. [4] + 100 � M TFZ 0.1867 ± 0.04 1.065

In a typical experiment both control and treated microsomal
membranes were incubated in 50 mM Tris HCl buffer, pH 7.4,
containing 1 � M DPH suspension for 90 min at 37°C. Results
are presented as the mean ± SD of five independent experiments

Table 3. Effect of CPZ and TFZ on oxidized microsomal mem-
brane

Experimental system TBARS formation
(nmol/mg of protein)

Fluorescence
anisotropy (r)

Control microsome 1.53 ± 0.08 0.187 ± 0.06

Oxidized microsome 2.96 ± 0.15 0.231 ± 0.08

Oxidized microsome
+ 100 � M CPZ

2.88 ± 0.18 0.225 ± 0.09

Oxidized microsome
+ 100 � M TFZ

2.92 ± 0.16 0.228 ± 0.06

Microsomal membrane (0.2 mg) was oxidized with 0.25 mM
NADPH (incubated 30 min at 37°C). After incubation NADPH
was washed out by ultracentrifugation. Washed oxidized micro-
somes were incubated with CPZ or TFZ for 30 min. Results are
presented as the mean ± SD of five independent experiments

Effect of CPZ and TFZ on NADPH:cyto-

chrome P450 reductase activity

The smooth microsomes are relatively rich in
enzymes responsible for oxidative drug metabo-
lism. In particular, they contain important classes
of enzymes known as mixed function oxidase or
monooxygenase [25]. The major monooxygenases
in endoplasmic reticulum are cytochrome P450s.
NADPH-initiated oxidative damage in microsomes

is mediated by cytochrome P450. In this process,
NADPH:cytochrome P450 reductase catalyzes ele-
ctron transfer from NADPH to the heme protein
cytochrome P450. Table 4 indicates that both CPZ
and TFZ inhibit NADPH:cytochrome P450 re-
ductase activity in a dose-dependent manner, and
inhibitory potential of TFZ is stronger than CPZ.
Due to this inhibitory effect of CPZ and TFZ, the
donation of electron from NADPH to cytochrome
P450 is hindered. In NADPH-dependent LPO path-
way, cytochrome P450Fe#� is reduced to cyto-
chrome P450Fe#$ by NADPH:cytochrome P450
reductase. Subsequently, cytochrome P450Fe#$ re-
acts with molecular oxygen to produce cytochrome
P450Fe#$O$4.The resonance form is cytochrome
P450 Fe#$O%

$ [16]. Svingen et al. [26] have pro-
posed that NADPH-dependent LPO involves the
production of superoxide ion (O%

$). There is a strong
evidence that O%

$ itself does not interact with lipids,
O%

$ reacts with lipid peroxides as well as H$O$ in
a metal ion-catalyzed Haber-Weiss reaction to pro-
duce toxic hydroxyl radicals (HO5) which could ac-
count for initiation of LPO by formation of lipid
radicals (L5) and lipid peroxy radicals (LOO5) [8].
It is clear that due to inhibitory effect of
NADPH:cytochrome P450 reductase by CPZ and
TFZ, the production of HO5 will be less and conse-
quently LPO is also inhibited.

Table 4. Effect of CPZ and TFZ on the activity of microsomal
NADPH:cytochrome P450 reductase

No. Treatment Specific activity
(� mol NADPH

oxidized/min/mg
of protein)

Change
(% of

inhibition)

1. Complete system 0.34 ± 0.005 0

2. [1] +50 � M CPZ 0.232 ± 0.007 31.76

3. [1] + 50 � M TFZ 0.21 ± 0.004 38.23

4. [1] + 100 � M CPZ 0.11 ± 0.004 67.67

5. [1] + 100 � M TFZ 0.08 ± 0.003 76.47

Complete system contained 0.3 M potassium phosphate buffer
pH 7.7, 100 � g of microsomal protein, 100 � M NADPH and
40 � M cytochrome C. Specific activity was calculated by cor-
recting for blank (absorbance change in absence of micro-
somes) for each of the assays. Values are presented as the mean
± SD of five individual experiments

DISCUSSION

Experimental observations reveal that NADPH-
-induced LPO is protected by CPZ and TFZ. These
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two drugs also inhibit NADPH:cytochrome P450

reductase activity. It has already been established

that substitution of an electron-withdrawing group

at position 2 increases the efficacy of phenothiazine

[1]. TFZ is capable of strong electron abstraction

compared to CPZ due to the presence of a CF� group

instead of a Cl ligand at second position (Fig. 1).

This may be the underlying reason of stronger in-

hibitory effect of TFZ on NADPH:cytochrome

P450 reductase activity and LPO. The LPO process

is the manifestation of any kind of membrane mo-

dification, which has been revealed by membrane

fluidity study. Membrane fluidity is an important

factor determining inter- and intracellular commu-

nication, membrane elasticity and biological trans-

port of proteins and lipids. Any change in the level

of unsaturation of the phospholipid fatty acyl

chains, cholesterol to phospholipid ratios and fatty

acyl chain length [5] influences membrane fluidity.

Higher saturated fatty acid to unsaturated fatty acid

ratio is indicative of decreased membrane fluidity.

In the presence of NADPH, microsomal membrane

fluidity is decreased and membrane becomes rigid,

which is prone to oxidative damage. CPZ and TFZ

protect microsomal membrane against loss of fluid-

ity, which is in strong agreement with a decrease in

LPO. Since CPZ or TFZ is not able to alter LPO as

well as membrane fluidity in control and in pre-

oxidized microsomes, so the change in anisotropy

is not simply due to the presence of CPZ or TFZ

but it is associated with the peroxidation process.

Levin et al. [13] and Ohyashiki et al. [19] have pro-

posed that oxidation of membrane lipids results in

the formation of peroxidation degradation products

(e.g. malonaldehyde) which leads to the cross-

linking reactions of the lipid-lipid and lipid-protein

type thereby rendering the membrane more rigid

and less fluid.
Peroxidation process is an important indication

of membrane damage, which serves a lot to pro-

mote irreversible dysfunction of essential cellular

components and ultimately triggers accidental cell

death or necrosis [12]. It must be noted that these

results are from in vitro experiments only. The con-

centrations of phenothiazines, offering protection

against microsomal oxidative damage are apparent-

ly higher than therapeutic dose. Bhattacharyya et

al. [2] used similar drug concentration to report that

TFZ can release oxygen from hemoglobin more ef-

ficiently than CPZ in vitro. Maurer and Moller [15]

have shown that neuroleptic phenothiazines inhibit

complex I in mitochondrial respiration which is im-
plicated in the development of Parkinson’s disease.
Moreover, they found that half maximal inhibition
occurs at 400 � M for CPZ. However, the experi-
mental results reported in this paper contradict the
notion of producing these adverse effects, indicat-
ing that stronger antioxidant property of TFZ pro-
tects the cells against oxidative damage and physi-
cal process of aging. This may also be the underly-
ing reason for better therapeutic success of this
drug.
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