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ABSTRACT

Neuroleptic drugs (D2 blockers) which are used for the treatment
of psychotic disorders, especially for schizophrenia, are known
to produce extra-pyramidal side effects (EPS). Catalepsy was
induced by these drugs in animals and these animals have
been used as models to study the extra-pyramidal side effects
which are associated with anti-psychotic agents in human
beings. In the present study, we found out the protective effect
of the aqueous extract of Mentha arvensis (MA) on haloperidol
(2.0 mg/kg po administration) induced catalepsy in mice, by
employing the standard bar test and the assessment of the
locomotor activity. The mice were allocated to six groups, with
each group containing seven animals. The effects of the test
drug MA (500 and 1000mg/kg doses) and the standard drug,

trihexyphenidyl (0.1mg/kg) were assessed after their repeated
dose administration in mice for fourteen days, 30 minutes prior
to the administration of haloperidol. The mice were sacrificed on
the fourteenth day and the TBARS, glutathione, SOD and the
catalase activities in their brain tissues were estimated by using
the Ohkawa et al., Sedlak and Lindsay, Clairbone, Marklund and
Marklund respectively. A significant (P<0.001) reduction in the
cataleptic scores was observed in the test drug treated groups
as compared to the toxic control, with a maximum reduction in
the group with a drug dose of 1000 mg/kg. Similarly, our study
suggested that MA had significantly reduced othe xidative stress
and the cataleptic score which was induced by haloperidol.
Hence, it could be used to prevent the drug- induced extra-
pyramidal side effects.
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INTRODUCTION

Worldwide, researchers have come to know that catalepsy does
not appear of its own accord; instead, that it often manifests as
a one in a constellation of the symptoms which are caused by
psychotic disorders. Nowadays, the usage of typical anti-psychotic
drugs has been limited because of the side effects and the toxicity
which are produced by them [1]. Haloperidol is a widely and
commonly prescribed typical anti-psychotic drug which is used
for the treatment of schizophrenia and other effective disorders
[2,3]. Receptor binding studies have shown that haloperidol was
equivalent to fluphenazine and that it was about twice as active
as chlorpromazine, as an inhibitor of the binding of dopamine
to the dopamine receptor. It has a high affinity for the dopamine
D2 receptors and it acts by blocking them [1]. But, haloperidol
causes movement disorders such as the narcoleptics malignant
syndrome, dystonias and tardive dyskinaesias [1]. Oxidative stress,
which is a culprit in many human diseases, has been implicated in
haloperidol toxicity [4]. Extra pyramidal symptoms (EPSs), including
pseudoparkinsonism, occur as distressing side effects in 20-75%
of the patients who are administered typical anti-psychotics [5]. The
blockade on the dopamine receptor which is caused by haloperidol
increases the dopamine turnover in humans and rats [6].

[t has been proposed that haloperidol induced oxidative stress
arises from the generation of free radical catecholamine metabolism
by monoamine oxidases (MAOs) [7]. The acute [8] and chronic [9]
administration of haloperidol in mice resulted in the generation of
significant oxidative stress in their brain regions, as was evidenced
by loss of the nonprotein thiol anti-oxidant glutathione (GSH) and
by the increase of the lipid peroxidation product, malonaldehyde.

The brain system is highly susceptible to oxidative damage [10] as
it is enriched with the more easily peroxidable fatty acids and as it
is not particularly enriched with the anti-oxidant defenses. Newer
approaches which are used to treat the oxidative damage in the
brain like Mentha arvensis, have anti-oxidant potential [11].

Since haloperidol induced catalepsy has an underlying pathology
of increased oxidative stress, the present study was designed
to evaluate the effect of Mentha arvensis on haloperidol induced
catalepsy. Trihexyphenidyl HCI was used as a standard drug [12].

Mentha arvensis belongs to the family, Lamiaceae, which is
popularly known as pudina, which is a common household remedy
that has found its use in the Indian indigenous system of medicine
against several ailments as an anaesthetic, anti-phlogistic, anti-
depressant, anti-microbal [13], antiseptic, anti-spasmodic,
carminative, digestive, expectorant, nervine, stomachic, tonic and
anti-fertility drug [14]. It has beta-galactosidase activity [15] and it
protects against radiation-induced lethality [16]. It contains menthol
(66%), (-)-menthyl acetate (15%) and (-)-menthone (8%) and it also
has some phenolic content.

MATERIALS AND METHODS

Animal

Eight week old Swiss albino mice (weighing 20-30 g) which were
obtained from the central animal house, Jamia Hamdard, New
Delhi, India, were used in the study. The animals were housed
under standard 12hr: 12hr light/dark cycles and were provided
with food and water ad libitum. The animals were acclimatized to
the laboratory conditions before testing them. Each animal was

Journal of Clinical and Diagnostic Research. 2012 May (Suppl-1), Vol-6(3):542-546



www.jcdr.net

used once. The experiments were performed between 10.00
and 16.00hrs.The studies was approved by the institutionl ethical
committee of Jamia Hamdard and the study was conducted
according to the Indian National Science Academy Guidelines for
the use and care of experimental animals.

Drugs and Dosage

Mentha arvensis was the test drug which was used. It was
collected locally and it was identified by a botanist, Dr. M.P. Sharma,
Professor, Department of Botany, Faculty of Science, Hamdard
University, New Delhi-62. The Mentha arvensis was extracted
with double distilled water. The extract which was thus obtained
was vacuum evaporated in order to make it into powder form for
it to be redissolved in double distilled water. It was stored in air
tight containers which were protected from light. Trihexyphenidyl
HCI (Wyeth Limited, Goa) and haloperidol (RPG Life Science Ltd.
Ankleshwar) were suspended/ dissolved in 1% carboxy methyl
cellulose solution. The treatments which were received by each
group (each group consisted of seven animals, n=7) are shown
in [Table/Fig-1]. The group which received normal saline (10ml/kg)
served as the control group. The normal saline, trihexphenidyl Hcl
(0.1mg/kg), MA (500 and 1000 mg/kg) [17], and haloperidol (2 mg/
kg) were given orally.

Experimental Design

Haloperidol Induced Catalepsy (HIC): Catalepsy was induced with
haloperidol (2.0 mg/kg p.o.) and it was assessed at by means of a
standard bar test and by the assessment of the locomotor activity
on every fourth, eighth and fourteenth day of the drug treatment,
as shown in [Table/Fig-2] [18, 19]. The catalepsy was assessed
in terms of the time for which the mouse maintained an imposed
position with both the front limbs extended and resting on a 4 cm
high wooden bar (1.0cm diameter). The end point of the catalepsy
was considered to occur when both the front paws were removed
from the bar or if the animal moved its head in an exploratory
manner. A cut-off time of 300 seconds was applied. Between the
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Dose (mg/kg),
Group Route of administration
(n=7) Drug Treatment (p.o.) (for 14 days)
| Normal saline 10ml/ kg
I HAL 2mg/ kg
Il THP +HAL 0.1 mg / kg+2 mg/kg
v MA, +HAL 500 mg /kg+2 mg/ kg
V MA, +HAL 1gm/kg+2mg/kg
Vi MA, per se 1gm/kg

[Table/Fig-1]: Treatment schedule
HAL =Haloperidol, THP =Trihexyphenidyl HCI, MA =Mentha arvensis extract

n=number of animals used in each group. (7 mice /group)
No of groups=6
Treatment duration=14 days

determinations, the animals were returned to their individual home
cages. All the observations were made between 10.00 and 16.00
hrs in a quiet room at 23-25° C.

Scoring Method

If the animal maintained the imposed posture for at least 20 sec-
onds, it was considered to be cataleptic and the time was recorded
in seconds. The animals were tested on every fourth, eighth and
fourteenth day of the drug treatment and only the greater duration
of the immobility was considered.

Assement of Locomotor Activity

Photoactometer test: This test measures the exploration and
the voluntary locomotion within an enclosed area. The objective
value for the spontaneous motor activity was obtained by using
a photoactometer (Techno electronics, Lucknow, India). The mice
were placed individually in a 30 x 30 cm black metal chamber with
a screen floor and a light-tight lid. Six beams of red light were
focused 2 cm above the floor in to photocells on the opposite side.
Each beam interruption was registered as an event on the external
counter. The floor of the chamber was wiped clean with a damp

Catalepsy score Catalepsy score Catalepsy score
Group Drug treatment on 4th day on 8thday on 14th day
I Normal saline 1.42+0.05* 1.42+.05* 1.42+0.05*
I HAL 220.71+11.15 231.42+11.21 237.14+8.29
Il THP+HAL 26.42+1.28" 27.85+1.01* 30.14+2.44*
v MA +HAL 88.14+3.73" 90.14 +£2.98* 95.14+5.2.18*
Vv MA, + HAL 68.85+5.44* 68.42+5.67* 75.00+5.35*
Vi MA, per se 1.33+£.05 1.33+.05 1.34+0..05

[Table/Fig-2]: Effect of haloperidol, trihexyphenidyl HCI, and Mentha arvensis extract on catalepsy score on 4th, 8th and 14th day of drugs treatment

Results are expressed as mean + SEM. The results were analyzed by Analysis of variance (ANOVA) followed by Tukey-Kramer multiple comparison test.

n=7;* =P <0.001; # =p<0.001; *™* =p<.01; ##=p<.01; ™ =p<0.05; ### =p<0.05; * Vs. group Il.

Locomotor activity Locomotor activity Locomotor activity

Group Drug treatment on 4th day on 8th day on 14th day

| Normal saline 400+10.24* 398.1+9.72* 388.85+12.05*
Il HAL 135.33+£4.26 125.33+2.40 107.83+7.48

Il THP+HAL 347.57 £9.99* 338.57+9.11* 331.57+11.30*
% MA, +HAL 258.57+10.10* 245.71 +8.69" 235.71+8.69"
\ MA, +HAL 305.42+7.58* 297.42 +9.45* 288.57+9.61*
VIl MA, per se 391.42+8.57 383.57+10.73 376.85+12.33

[Table/Fig-3]: Effect of haloperidol, trihexyphenidyl HCl and Mentha arvensis extract on locomotor activity on 4™, 8" and 14" day of drugs treatment

Results are expressed as mean + SEM. The results were analyzed by Analysis of variance (ANOVA) followed by Tukey-Kramer multiple comparison test.
n=7;* =P <0.001; # =p<0.001; * =p<.01; ##=p<.01; **=p<0.05; ### =p<0.05; * Vs. group II.
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towel before each use. The mice were placed in the chamber one
hour after the oral administration of the drug. They were allowed to
acclimate for 2 min, and then the light beam breaks were counted
for the next 10 min [19].

In this study, MA was administered once daily, 30 min prior to
the haloperidol administration, for fourteen days. Catalepsy was
determined 30 min after the haloperidol administration on the
fourth, eighth and on the fourteen day of the drug treatment. The
animals were then sacrificed by cervical dislocation and the TBARS,
glutathione, catalase and SOD [20-23] activities of their whole brain
tissue were estimated by using the Ohkawa et al [20], Sedlak and
Lindsay, Clairbone, Marklund and Marklund respectively.

Assay of TBARS

Lipid peroxidation is a free radical mediated event. The primary
products of such a damage are a complex mixture of peroxides
which then breakdown to produce carbonyl compounds. The
malondialdehyde (MDA) is one such carbonyl compound, which
forms a characteristic chromogenic adduct with two molecules of
TBA. The colourimetric reaction of TBA with MDA, a secondary
product of lipid peroxidation, has been widely accepted for meas-
uring lipid peroxidation. The total protein which was present in the
homogenate was estimated by following the method which was
described by Lowry et al [24]. The units of the TBARS activity
which were determined, were expressed in terms of nmoles MDA/
mg protein [20].

Assay of Glutathione

This spectrophotometric procedure was based on the method of
Ellman i.e. DTNB [5, 5'-dithiobis-(2-nitrobenzoic acid)] is reduced
by —SH groups to form one mole of 2-nitro-5- mercaptobenzoic
acid per mole of —SH, as described by Sedlak and Lindsay. The
units of the GSH activity which were determined were expressed in
terms of nmoles pg/mg protein [21].

Assay of SOD

The assay of SOD was carried out, based on the ability of the
enzyme to inhibit the auto-oxidation of pyrogallol, as described by
Marklund and Marklund. The total protein which was present in the
homogenate was estimated by following the method which was
described by Lowry et al [24] . The units of the SOD activity which
were determined were expressed in terms of milligrams of the total
protein [22].

Assay of Catalase

In the UV range, H,0, shows a continuous increase in the absorp-
tion with decreasing wavelength. The decomposition of H,0, can
be followed directly by the decrease in the absorbance at 240 nm.

www.jcdr.net

The difference in absorbance (AA) per unit time is a measure of the
catalase activity. The units of the CAT activity which were determined
were expressed in terms of nmolH,0,/mg protein [23].

STATISTICAL ANALYSIS

For each group, the mean+ SEM was calculated and the data was
analyzed by using one way ANOVA, followed by the Tukey-Kramer
multiple comparison test. P values of <0.05 were considered to be
statistically significant.

RESULTS

In the present study, the administration of the standard drugs and
all the doses of the test drug, 30 min prior to the administration of
the haloperidol dose on the fourteenth day, showed significantly
(P<0.001) lower cataleptic scores than in the toxic control group in
a dose and time dependent manner.

TBARS Activity

The TBARS levels were found to be significantly increased (p<.001)
in the brain tissue of the haloperidol (2 mg/kg p.o.) treated animals,
as shown in [Table/Fig-4].

GLUTATHIONE Activity

There was a significant increase (p<.05) in the levels of GSH in the
Mentha arvensis pretreated mice as compared to the haloperidol 2
mg/kg p.o treated mice.

SOD Activity

In the mice who were pretreated with Mentha arvensis, the levels
of SOD were significantly reduced (p<.001) as compared to those
in the haloperidol 2 mg/kg p.o. treated mice [Table/Fig-4] shows
the effect of the significant and dose dependent recovery on the
haloperidol induced elevation of the SOD levels in animals.

CATALASE Activity

There was a significant increase (p<.001) in the levels of catalase in
the Metha arvensis pretreated mice as compared to the haloperidol
2 mg/kg p.o. treated mice, as shown in [Table/Fig-4]

DISCUSSION

The treatment with haloperidol often because distressing side
effect involving the extra-pyramidal tract these adverse reactions
comprise of variety of movement disorders, including drug induced
Parkinsonism [25]. This occurs in 20-40% of the patient population.
The chronic use of haloperidol sometimes leads to irreversiable
extra pyramidal disturbances such as tardive dyskinaesia. Similar
disorders are reproducible in normal monkeys who are treated for
many months with haloperidol and so, these symptoms are not

TBARS GSH SOD CAT
Group (nmoles MDA/mg protein) (vg/mg protein) (Units/mg protein) (hmolH,0,/mg protein)
I 3.27£0.08* 3.87+0.14* 2.41+£0.17* 39.28+1.47*
Il 8.88+0.13* 217+0.18 7.07+£0.14 20.7+1.59
Il 4.01+0.15* 3.52+.04* 2.51+0.14* 32.42 £1.32**
\% 6.14+0.26" 2.38+0.18* 3.98+0.11* 27.42+1.44*
\ 5.94+£0.20* 2.94+£0.24* 3.92+0.11* 28.8+1.38"
VI 3.45+0.21 3.80+0.14 2.31+£0.13 38+1.06

[Table/Fig-4]: Effect of haloperidol, trihexyphenidyl HCI, and Mentha arvensis extract on oxidative stress markers.
Results are expressed as mean + SEM. The results were analyzed by Analysis of variance (ANOVA) followed by Tukey-Kramer multiple comparison test.

n=7;* =P <0.001; # =p<0.001; * =p<.01; ##=p<.01; **=p<0.05; ### =p<0.05; * Vs. group Il.
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merely an interaction between the psychotic state and the drug
effects are largely due to the drug alone.

Since haloperidol induced catalepsy had an underlying pathology
of increased oxidative stress and as Mentha arvensis was high anti
oxidants, in the present study, the effect of Mentha arvensis was
evaluated in haloperidol induced cataleptic mice.

In the present study, the animals who were treated for fourteen days
with haloperidol showed severe cataleptic responses. Further, the
animals (haloperidol treated) showed decreased levels of glutathione
and catalase and increased levels of lipid peroxidation products and
super oxide dismutase as compared to the vehicle toxic control
animals. This result was in agreement with that of previous studies
which were done on the effects of haloperidol on the extra pyramidal
symptoms and the markers of oxidative stress (GSH, SOD, CAT
and TBARS), thus suggesting the possible induction of free radical
generation by haloperidol treatment. The results of our study were
consistent with previous reports of the studies which were done on
haloperidol induced oxidative stress [26]. But the exact mechanisms
by which haloperidol increased free radical production were not
clear. The enzymatic degradation by MAOs was associated with
the production of hydrogen peroxide, which was readily converted
to the hydroxyl radical in the presence of iron. Thus, it could initiate a
destructive lipid peroxidation cascade, but an increased dopamine
(DA) turnover, leading to hydrogen peroxide production which
might not be exclusively involved in the degeneration of oxidative
stress. The auto-oxidation of DA which resulted in the production
of superoxide radicals might have contributed to the unbalanced
production of the free radicals. However, other mechanisms may
also be involved. Haloperidol was reported to suppress the activity
of certain detoxifying enzymes, thus leaving the cell unprotected,
especially if the basal enzyme activity was low or if the free radical
scavenging mechanisms were less effective. Haloperidol (HP) is
converted to potentially toxic (HHP*) metabolites which may play
a role in the extrapyrimidal side effects which are observed in the
patients who are treated with haloperidol [27]. Another possible
mechanism could be the effect of neuroleptics on the mitochondrial
respiration. The metabolites of haloperidol inhibit complex-I of the
electron transport chain [28]. The capability of the anti-psychotic
drugs to clinically induce the extra-pyramidal syndrome seems to
correlate well with their inhibitory effect on the complex- | inhibition.
Whatever could have been be the mechanism of the unbalanced
production of the reactive oxygen species (ROS) and the oxidative
stress by haloperidol, Mentha arvensis was found to be effective in
decreasing the oxidative stress in the haloperidol treated animals.

The anti-oxidative properties of Mentha arvensis reduced the
duration of the catalepsy, decreased the elevated levels of lipid
peroxidation in the haloperidol treated animals and elevated
the cellular defense mechanisms such as glutathione, further
suggesting the role of free radicals in the pathophysiology of the
haloperidol induced extra-pyramidal syndrome.

The anti-oxidant activity of pudina could be possibly due to the
direct scavenging of the superoxide radicals by the polyphenols or
the flavanoids which are known to be present in these drugs. The
combination of black tea and Mentha arvensis was found to be
more effective than black tea or Mentha arvensis alone. From the
present study, it can be concluded that Mentha arvensis may prove
to be a beneficial adjuvant in the treatment of drug-induced extra-
pyramidal side effects and related disorders. The above results
have given strong evidence for the further evaluation of the use
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of Mentha arvensis in combination therapy along with typical anti-
psychotic agents like haloperidol.
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