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Abstract Patchouli oil, an essential aroma oil extracted
from patchouli leaf during short-term exposure with five
and ten drops either inhibited (at 1 or 2 h) or stimulated (at
4 h) the platelet MAO-A activity depending on the dosages
of the aroma oil mainly due to inhibition or stimulation of
its K. The long-term 15 consecutive days exposure (with
two or five drops) of patchouli oil, on the other hand,
maximally stimulated the platelet MAO-A activity with
five drops patchouli oil for 1 h exposure, but further con-
tinuation of its exposure with same doses (two or five
drops) for 30 consecutive days significantly stimulated
(with two drops) and inhibited (with five drops) the platelet
MAO-A activity due to stimulation and inhibition respec-
tively of its corresponding both K, and V,,,.x. These results
thus suggest that this aroma oil exposure may modulate the
blood platelet serotonergic regulation depending on the
dose, duration, and conditions of exposure.

Keywords Blood platelet - Monoamine oxidase-A -
Patchouli oil

Introduction

The patchouli plant, Pogostemon cablin (Blanco) Benth, is a
member of the Lamiaceae family. Itis a semi-perennial (when
cultivated) and well-branched bushy aromatic plant with fra-
grant leaves having medicinal and aromatic properties [1]. Itis
native to the subtropical Himalayas, South East Asia, and the
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Far East and more particularly to the Philippines, and is
commercially cultivated in many countries around the globe,
namely Brazil, Indonesia (Java, Sumatra), Malaysia, China,
Singapore, Hanoi (Vietnam), etc., including India for its
internationally important and valuable essential oil called
“patchouli oil” [1-3]. The oil as such is the secondary
metabolite of the plant [4] and is mainly obtained by hydro-
distillation/steam distillation of the shed-dried and well-cured
whole plants/leaves [1, 3]. The oil is thick, light yellow to dark
brown in color, and well acclaimed for its characteristic
musky-sweet, strong spicy, and long-lasting herbaceous—
woody—earthy—camphoraceous smell [1].

Patchouli oil has a pronounced mood-uplifting effect on
humans, as it reduces tension, insomnia, and anxiety as an
anti-depressant [4]. Numerous terpenes and delicate aroma-
chemicals of patchouli oil function coherently and thereby
exert healing effects in case of ‘aromatherapy’ [5], where
the overall effect of a ‘blend’ has been reported to be far
greater than the cumulative individual effect of each known
component of the ‘blend’ [6]. It has been established that
fragrant molecules on inhalation get absorbed via the
lipophilic surface of the lungs and transported into the
blood stream to exert distinct healing effects and feeling of
happiness (i.e., euphoric action) in humans by stimulating
the limbic system (the emotional center of the brain) and
behave like pharmacologically active substances [7-11]
and remain as either unchanged aromatic molecules or their
metabolites before being excreted out rapidly from the
body via the skin, sweat, urine, feces, or exhalation [12].

Platelet is an important enucleated blood component con-
taining a plasma membrane, platelet contractile protein (sur-
rounded by a glycocalyx outer layer), mitochondria and other
organelles having some definite roles in the physiological
functions of a system or body [13]. Monoamine oxidases
(MAOs) are a family of mitochondrial outer-membrane bound

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12576-017-0534-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12576-017-0534-z&amp;domain=pdf
https://doi.org/10.1007/s12576-017-0534-z

282

J Physiol Sci (2018) 68:281-291

enzymes in most cell types of the body including blood pla-
telet mitochondria [14, 15]. These enzymes are classified into
MAO-A and MAO-B (the two isoforms) based on their sub-
strate specificities and inhibitor sensitivities [16]. These
enzymes (MAO-A and MAO-B) take part in the metabolism
(or breakdown) of different monoamines (or neurotransmit-
ters) and thereby regulate the intracellular monoamine stores
to exert some effects in the body [17]. Serotonin (5-HT), one
of the monoamines and also known as a “happy messenger”,
is a specific substrate for MAO-A [13, 16, 17]. MAO-A
catalyses 5-HT to 5-hydroxyindoleacetic acid (5-HIAA) and
thereby plays a role in regulating mood [18]. In different
physiological conditions of neurodegenerative diseases like
schizophrenia and Alzheimer’s, platelet MAO-A activity has
been found to be either reduced, e.g., in schizophrenia [19] or
increased as in the case of Alzheimer’s [20, 21].

A decrease of platelet MAO-A activity is also associated
with bipolar depressed patients [22] and with children suf-
fering from attention-deficit hyperactive disorder (ADHD)
[23]. On the other hand, a class of drugs called MAO-in-
hibitors blocks the action of these enzymes to prevent the
breakdown of serotonin and norepinephrine etc., causing
their concentration to increase in the brain or plasma to exert
some healing effects in the system concerned [18]. More-
over, the roles of patchouli oil exposure by inhalation (with
varying doses and durations) upon experimental subjects to
influence the modulatory action of 5-HT and that of MAO-A
have not been well established so far.

Since (a) patchouli oil has anti-depressant and sedative
effects [24, 25]; (b) blood platelet count and platelet sero-
tonin are increased in stress-induced physiological changes
[24]; (c) serotonin, a well-known happy messenger as well as
neuromodulator modulates mood and other associated
behaviors as well as sleep [26] and (d) platelet MAO activity
has been found to be used as a biomarker for the alcoholic
abusing behavior [27], suicidal behavior [28], depression
[29], personally traits [30]. etc., it is not unreasonable to
assume that the fragrant molecules present in patchouli oil
may have an effect on blood platelet MAO-activity, espe-
cially MAO-A, in adult rats. The present study deals with the
effect of short- and long-term exposure of patchouli oil
(containing 32.693% patchouli alcohol) with varying doses
and durations on blood platelet mitochondrial MAO-A
activity including its kinetic behavior.

Materials and methods
Materials
Pure patchouli oil, double distilled and stored at room

temperature (28 + 0.5 °C); 5-hydroxy tryptamine (5-HT)-
HCl and Triton X-100 were purchased from Sigma

@ Springer

Chemicals (St. Louis, MO, USA). Ethylene di-amine tetra
acetic acid (EDTA), sodium—potassium tartarate, copper
sulphate, sodium hydroxide, potassium dihydrogen phos-
phate, sodium hydrogen phosphate, sodium carbonate, and
semicarbazide of analytical grades were purchased from
Merck-India (Worli-Mumbai), India.

Animals

Adult male albino healthy rats derived from original Wistar
strain in the age group of 4 months (body weight
150-160 g) were used as experimental subjects. All of
these rats at the age of 1 week were supplied by registered
animals’ breeder company (M/S. Chakrabarty Enterprise;
Regn. No. 1 443/PO/b/11/CPCSEA). The rats were main-
tained in a 12-h light—dark cycle room having a constant
temperature of 28 + 0.5 °C and relative humidity of
80 £ 5%. All of the animals were provided with a standard
laboratory diet along with water ad libitum. In the course of
this study, the guidelines of the ethical committee
(Department of Biochemistry, University of Calcutta) were
followed with an effort to minimize the number of subjects
used including their suffering.

Pure essential oil of patchouli

The planting materials (i.e., the rooted cuttings) of patch-
ouli were collected from M/S. Keva Biotech Private Lim-
ited of Hyderabad, India, followed by transplantation in the
field and grown (during pre-monsoon to autumn) by using
standard agro-technology with the help of trained farmers
at Deganga of 24-Parganas (N), West Bengal, India. Aerial
portions of the matured plants were carefully harvested
after 42 months after transplantation, then subjected to a
wilting and drying process. The dried and tightly packed
planting materials (leaves) were then cured under shed for
4 months prior to commercial distillation. The essential oil
of patchouli was thereafter recovered from the so-cured
leaves by live-steam distillation method under “optimum
conditions of distillation” [31] (i.e., packing of raw mate-
rial in an effectively designed commercial ‘distillation
plant’ with desired bulk density, quality of steam, steam
pressure—temperature, flow rate, and effective cooling of
mixed vapor followed by effective separation of liquid
mixture, leading to a commercially complete distillation of
the charged raw materials) with 4.1% oil yield (v/w) con-
taining 32.693% patchouli alcohol (the major constituent
responsible for the characteristic ‘note’ and commercial
value of the oil) and 77 other semi-major and minor (both
known and unknown) constituents in different percentages
[analyzed by GC/MS (gas chromatography/mass spec-
tometry) using an Agilent 7890A GC connected with
5975C MSD (mass selective detector) and FID (flame
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ionization detector) connected with a splitter, e.g., column
[DB5-MS (60 m x 0.25 mm x 0.25 pm)], oven etc.] as
presented in Table 1. The moisture-free clear-pale brown
essential oil of patchouli, bearing the characteristic ‘note’
or smell, was finally preserved under air-tight conditions in
an amber-colored glass bottle at 4 °C for subsequent use in
the present experiments.

In order to obtain reproducible results following the
exposure of the patchouli oil and to ensure the constant
composition of this essential oil (in terms of percentages of
oil constituents), the same lot of patchouli oil was used in
the present study.

Experimental design

For giving exposure to the experimental animals with the
oil of patchouli, pure (undiluted) patchouli oil was to
place in drops (1 drop = 26.66 pl) in the top-covered
specially designed poly propylene transparent exposure
box of 37 cm x 25 cm x 17 cm dimensions having a
single set of 6.0-mm-diameter holes on each of the four
side walls of the rectangular exposure box (Fig. 1). Each
set consists of five such holes where two sets of holes
were made on the face-to-face walls at the bottom of the

exposure box and the other two sets were made just below
the top cover of the two opposite walls of the box in the
same face-to-face manner (Fig. 1). Depending on the
protocol, two or five or ten drops of oils were used for
giving exposure to each animal for the specified period of
1 or 2 or 4 h (either single-exposure: for the short-term
exposure sets; or, consecutive-exposure at 24-h intervals:
for the long-term exposure sets i.e., for 15 or 30 consec-
utive days). The face-to-face two sets of bottom-level
holes of the exposure box were temporarily sealed by
blotting paper strips (1.2 x 10 cm) prior to initiating any
exposure (using odourless glue/gum) followed by soaking
them with two or five or ten drops of aroma oil in 1:1, 2:3,
or 5:5 ratio on each strip; whereas the remaining two sets
of holes at the top levels kept unsealed for the purpose of
ventilation. Each of the above-mentioned ‘exposure
boxes’ was then taken to house the experimental animal
for exposure for the specified period of time. Adult male
albino rats (n = 4-6) of 4-months age (having body
weight in the range of 150-160 g) were separately housed
in different duly labeled boxes for exposing each of them
for the specified period (for both the short-term and long-
term exposure). The rats corresponding to the experi-
mental groups were kept in identical conditions in aroma-

Table 1 GC and GC/MS chart of 15 major and semi-major identified components of the patchouli oil used in the present experiment

Serial no. RT Composition (% on FID)  Component CAS number
1 13.413 0.032 Alpha Pinene (monoterpene) 000080-56-8
2 15.401 0.087 Beta Pinene (monoterpene) 000127-91-3
3 37.419 0.101 Elemene Delta (sesquiterpene) 020307-84-0
4 41.124 3.17 Beta Patchoulene and Beta Elemene (sesquiterpenes) 000514-51-2, 000515-13-9
5 43.503 3.619 Trans Beta Caryophyllene (sesquiterpene) 000087-44-5
6 44.508  12.031 Alpha Guaiene (sesquiterpene) 003691-12-1
7 45921 8.628 Gamma Patchoulene and Alpha Humulene (sesquiterpenes)  000505-55-4, 006753-98-6
8 46.620 5.207 Alpha Patchoulene (sesquiterpene) 000560-32-7
9 46.759 1.786 Alloaromadendrene (sesquiterpenoid) 025246-27-9
10 47.057 1.494 Patchoulene Gamma (sesquiterpene) 000508-55-4
11 48.415 2.215 Aciphyllene (sesquiterpene) 087745-31-1
12 49.087  15.806 Alpha Bulnesene (sesquiterpenoid) 003691-11-0
13 54.008 0.883 Norpatchoulenol (terpenoid) 041429-52-1
14 54.333 1.383 Caryophylene oxide (sesquiterpene) 001139-30-6
15 60.666  32.693 Patchouli alcohol (sesquiterpene alcohol) 005986-55-0

The identified above-mentioned 15 major and semi-major peaks out of 78 peaks of GC of patchouli oil were identified by GC/MS analysis. These
identified 15 components, representing 89.135% of the oil and among them the patchouli alcohol, are the primary candidate molecules containing
32.693% of the oil. During the analysis, the following specification were followed: column: DB5-MS (60 m x 0.25 mm x 0.25 pm); oven:
initial temperature 70 °C for 0 min and 2 °C/min to 270 °C for 20 min; inlet: injection volume 0.2 pl, temperature 270 °C, split ratio 50:1,
constant pressure mode 20 psi, flow 0.89404 ml/min; detector FID: temperature 270 °C; MS acquisition parameters: acquisition mode scan, low
mass 50.0, high mass 550.0, MS source 230 °C, MS quad 150 °C. Other details are mentioned in the “Materials and methods” section

RT retention time, CAS chemical abstract service
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Fig. 1 A schematic diagram of the exposure box (with and without
patchouli oil)

free box were considered as control or positive control
rats (Fig. 2). All the experimental and control rats were
killed between 09:00 and 10:00 h to avoid the circadian
effect, if any.

Collection of blood and preparation of platelet-rich
plasma (PRP)

Immediately after killing of both control and experimental
rats of the specified groups, the blood was collected (with
1% EDTA solution as anticoagulant) under cold conditions
(04 °C). The PRP was then isolated from the blood fol-
lowing the method of Collins and Sandler [32], duly
modified by Banerji et al. [15]. The PRP was used as an
enzyme source in the present study.

Assay of monoamine oxidase-A (MAQO-A) activity

Monoamine oxidase-A (MAO-A) activity was measured
according to the method as described by Dalal and Poddar
[33] using 0.24 mM 5-HT (serotonin) as the substrate with
100 pg enzyme. The kinetic study of MAO-A was per-
formed with varying concentrations of serotonin
(0.05-0.4 mM per 100 pg enzyme).

Protein estimation

The protein content was estimated spectrophotometrically
against bovine serum albumin (BSA) as standard by fol-
lowing the method of Lowry et al. [34].

Statistical analysis

Significance of the statistical analysis of the data were
assessed by analysis of variance (ANOVA) with a post hoc
Tukey’s test. p < 0.05 was considered as significant.

Results

The changes of rat blood platelet mitochondrial
MAO-A activity and its kinetic parameters (K,
and V,,.,) with short-term (single) exposure

of patchouli oil

Figure 3 depicts that single exposure of patchouli oil sig-
nificantly inhibited the blood platelet MAO-A activity with
(i) 2-drops at 1 h (48.01%, p < 0.001) and 4 h (31.68%,
p < 0.001); (ii) five drops at 1 h (81.49%, p < 0.001)

Fig. 2 A schematic diagram of Rats
the experimental design (4-6 montbs)
v l
Acute Chronic
(Short-term) (Long-term; 15 or 30 consecutive days)
| |
\ ¥ { l
(.)(fntml or Experimental Experimental Control or
Positive Control (with oil) (with oil) Positive Control
(withont oil) (withontoil)
Exposed to patchouli oil through
inhalation
I
l ! l
2 drops 5 drops 10 drops (only for short-term)
| |
v V ¥
1hr. 2hrs. 4 hrs.
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Fig. 3 Blood platelet MAO-A activity (percentage change) in short-
term patchouli oil exposure (1, 2, and 4 h) with different dosages
(drops) in adult male albino rats Results (percent change) are
expressed as mean == SEM of 4-6 separate observations. Each
observation was made from a single rat. MAO-A activity was
measured using serotonin as a substrate. Patchouli oil exposure was
given at different dosages (2, 5, and ten drops). The control value of
young rat blood platelet MAO-A activity (AOD/mg protein/h) is
1.61 £ 0.033. Other details are described in the “Materials and
methods” section. Significant difference was from control young rats
with (i) two drops *p < 0.001, (ii) five drops °p < 0.001, °p < 0.01
and (iii) ten drops dp < 0.001, °p < 0.01

maximally, 2 h (22.98%, p < 0.01) and (iii) ten drops at
1 h (81.49%, p < 0.001) and 2 h (22.36%, p < 0.01); but
stimulated the same with (i) five drops at 4 h (42.86%,
p < 0.001) and (ii) ten drops at 4 h (69.56%, p < 0.001)
with respect to their corresponding control rats.

Figure 4 and Table 2 show that during single exposure
of patchouli oil with five drops for 1 h inhibited the blood
platelet MAO-A activity with a significant increase in its
only K, (238.10%, p < 0.001) and an apparent decrease in
its Vinax (11.48%, p > 0.05) with respect to the kinetic
parameters (K, and V,,,,) observed in the corresponding
control rats. The kinetic study of patchouli oil (for 4-h
exposure with ten drops) induced increase of blood platelet
MAO-A activity revealed that there was a significant
decrease in its K, (42.86%, p < 0.001) with an apparent
increase in Vi, (3.35%, p > 0.05) in comparison to the
kinetic parameters (K, and V,..) of the corresponding
control rats.

The effect of long-term exposure (15 and 30
consecutive days) of patchouli oil on rat blood
platelet mitochondrial MAO-A activity and its
kinetic parameters (K, and V ,.y)

It is evident from Fig. 5a that the blood platelet MAO-A
activity was increased in long term (15-consecutive days)

exposure with (i) two drops of patchouli oil after 1 h
(92.64%, p < 0.001) and 2 h (84.47%, p < 0.001), but
apparently decreased after 4 h (9.94%, p > 0.05) and (ii)
five drops of patchouli oil after 1 h (197.80%, p < 0.001), 2
h (164.60%, p < 0.001), and 4 h (36.34%, p < 0.001) in
comparison to their corresponding control rats. Figure 5b
shows that 30 consecutive days of long-term exposure of
patchouli oil with (i) two drops significantly stimulated the
blood platelet MAO-A activity after 1 h (164.91%,
p < 0.001), 2 h (148.32%, p < 0.001) and 4 h (107.32%,
p < 0.001) with respect to their corresponding control rats;
whereas (ii) five drops of patchouli oil exposure for 30
consecutive days significantly inhibited the blood platelet
MAO-A activity at 1 h (72.73%, p < 0.001), 2 h (45.34%,
p < 0.001) and 4 h (20.59%, p < 0.01) in comparison to
their corresponding control rats.

Figure 6A and Table 3 show that the patchouli oil
exposure with 5 drops for 1 h for a period of 15 consecu-
tive days increased the blood platelet MAO-A activity due
to their significant reduction in K, (52.38%, p < 0.001)
and significant stimulation in V., (92.82%, p < 0.001) in
comparison to the kinetic parameters (K, and V.x)
observed in the corresponding control rats. Figure 6B and
Table 3 revealed that the blood platelet MAO-A activity
was increased during the exposure of patchouli oil for 30
consecutive days with 2 drops for 1 h with a significant
decrease in K, (52.38%, p < 0.001) and significant
increase in Vi.x (52.63%, p < 0.001) with respect to the
kinetic parameters (K, & V.x) as were observed in the
corresponding control rats.

Discussion

The present study reveals the changes in scenario of blood
platelet MAO-A activity due to inhalation of patchouli oil
at different doses and durations under short- and long-term
conditions in male adult rats. The inhalation of essential
oils is an alternative promising, simple, non-invasive
administration method without any adverse side effect of
administration [35]. The inhalation of fragrant molecules
act as either a sedative or stimulatory agent through both
(i) the central nervous system (CNS) with the involvement
of olfactory bulb of the brain through the olfactory sensory
neurons in the olfactory epithelium and (ii) the respiratory
system by the absorption of the molecules to the blood or
circulation [36]. The mechanism by which the patchouli oil
vapors get absorbed into the body is still under investiga-
tion [37, 38]. Based on our present study, it is clear that
either the patchouli oil vapor as a blend or its most abun-
dant volatile component, patchoulol, exerts an effect on
blood platelet MAO-A activity (Tables 2, 3; Figs. 3, 4, 5,
6). The possibility of absorption of the patchouli oil vapor
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Fig. 4 A Effect of various concentrations of serotonin exposure, and the filled triangle represents ten drops patchouli oil of

(0.05-0.4 mM) on blood platelet MAO-A activity in control and
short-term single patchouli oil-exposed rats. Results are expressed as
mean = SEM of 4-6 separate observations. Each observation was
made from a single rat. The filled circle represents the control, the
filled diamond represents five drops patchouli oil of 1-h single

4-h single exposure. Other details are the same as were described in
the legend of Fig. 3. B Lineweaver—Burk plot of blood platelet MAO-
A activity in control and short-term patchouli oil-exposed rats.
Lineweaver—Burk plot was drawn from the progress curve with
varying substrate concentration as presented in A

Table 2 Effect of short-term patchouli oil exposure on blood platelet MAO-A kinetic parameters in young male rats

Kinetic parameters (%) of MAO-A activity

Conditions of patchouli oil exposure

Control (without exposure)

Short-term

Five drops for 1 h Ten drops for 4 h

100.00 + 4.29
100.00 £ 4.31

K, (mM)
Vimax (AOD/mg protein/h)

57.14 £ 5.16"
103.35 + 5.26

338.10 + 11.91°
88.52 £ 4.78

Results (%) are expressed as mean = SEM (n = 4-6). The percent changes were calculated with respect to the control. The control value of K,
(mM) is 0.21 £ 0.009 and Vp,,x (AOD/mg protein/h) is 2.09 £ 0.09. V..« and K, values were calculated from Lineweaver—Burk plot (Fig. 3).
Kinetic studies were carried out using varying concentrations (0.05-0.4 mM) of serotonin. Other details are the same as described in the legend

of Figs. 3 and 4
Significantly different from corresponding control rats “p < 0.001

through the lungs may not be unlikely as it is also an
essential oil [7-11, 24] and due to inhalation a major
portion of inhaled molecules goes to lungs, though further
studies are needed. In addition, the possibility of absorption
of the patchouli (aroma) oil vapor through olfactory
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epithelium cannot be ignored, as the sensation of smelling
occurs through this site [39]. The absorbed patchouli oil
(blend or only patchoulol), transported through the blood
capillaries of the olfactory epithelium (epithelium is blood
capillary enriched tissue) into the circulation,



J Physiol Sci (2018) 68:281-291

287

>

250 4

200 H

150 A

100

% change of MAO-A activity (AOD/mg protein/hr)

50 4
0 4
1 hr 2 hrs 4 hrs
-50 -
. . B2 drops
ime of exposure @5 drops

Fig. 5 Blood platelet MAO-A activity (percentage change) in long-
term [15 A and 30 B consecutive days] patchouli oil exposure with
different dosages (drops) in adult male albino rats. Results (percent
change) are expressed as mean == SEM of 4-6 separate observations.
Each observation was made from a single rat. MAO-A activity was
measured using serotonin as a substrate. Patchouli oil exposure was
given at different dosages (two and five drops). The control value of

independently of olfaction and metabolize in vivo to nor-
patchoulene [12] and excreted out through urine, though it
requires further to confirm. It is well known that patchouli
oil may show a stimulatory or sedative activity depending
on the dose(s) and duration(s) of patchouli oil inhalation
[1, 37]. The inhalation of essential oils (patchouli oil,
pepper oil, rose oil, estragon oil, fennel oil, grape fruit oil,
etc.) individually or as a “blend” has been found to be
associated with the inhalation of their fragrant molecules as
such [7-11, 24]. It has also been reported that in aro-
matherapy, the oil of patchouli is used to calm nerves,
control appetite, relieve depression and stress, and elevate
the mood [1], and these kinds of effects are regulated by
the steady-state level of 5-HT [18, 27-30]. However,
nothing is known about these sorts of actions of patchouli
oil in CNS, the role of 5-HT degrading enzyme, i.e., MAO-
A activity in blood platelet has not yet been studied.

The short-term (single) exposure of patchouli oil for 1 h
irrespective of the doses (two, five, and ten drops) has
inhibited the blood platelet mitochondrial MAO-A activity,
maximally with the five and ten drops with the inhibition of
its (MAO-A) binding affinity (1/K,,) (Figs. 3, 5; Table 2).
This inhibition of blood platelet MAO-A activity may
elevate the blood platelet serotonin concentration
[14, 40, 41] as much as similar or little greater

200 1

150

100 A

50 A

-50 4

% change of MAO-A activity (AOD/mg protein/hr)

b

b Time of exposure
-100 -

young rat blood platelet MAO-A activity (AOD/mg protein/h) is
1.61 £ 0.033. Other details are described in the “Materials and
methods” section. Significantly different from control young rats of
long-term A 15 consecutive days with (i) two drops *p < 0.001, (ii) 5
drops "p < 0.001 and B 30 consecutive days with (i) two drops
% < 0.001, (i) five drops °p < 0.001, p < 0.05

(unpublished) than the amount of serotonin after i.v.
injection [42] that may exert a positive effect in the
membrane permeability of blood—brain barrier to transport
the 5-HT from blood to brain [42—45] and hence may
increase the brain serotonin concentration to influence the
serotonin-mediated anti-depressant-like behavior of patch-
ouli oil [46], which is under investigation for further
clarification. In this context, it may be mentioned that
Meszaros et al. [40] though have studied blood platelet
MAO-B activity and they have also suggested the possi-
bility of an increase in blood serotonin concentration due to
a decrease of blood MAO-A activity [47]. This inhibition
of blood platelet MAO-A activity has been found to be
minimized with the increase of exposure time (from 1 to
2 h) probably by minimizing these scenario discussed
during the 1-h patchouli oil exposure (Fig. 3). The exten-
sion of exposure time up to 4 h has shown that the higher
doses (five and ten drops) stimulated the blood platelet
MAO-A activity, which has been found to be maximum
with ten drops (Figs. 3, 5; Table 2) with the activation of
its (MAO-A) only binding affinity (1/K,,) towards substrate
(Fig. 5; Table 2). The blood platelet MAO-A activity has
been found to remain inhibited even up to the extension for
4-h single exposure with the same drop (two drops) of
patchouli oil under similar conditions (Fig. 3), suggesting
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Fig. 6 (a) Effect of various concentrations of serotonin

(0.05-0.4 mM) on blood platelet MAO-A activity in control and
long-term [A 15 and B 30 consecutive days] patchouli oil-exposed
rats. Results are expressed as mean £ SEM of 4-6 separate
observations. Each observation was made from a single rat. The
filled circle represents control, the filled triangle represents five drops
of patchouli oil of 1-h exposure for 15 consecutive days, the filled

that the extension of exposure time from 1 to 4 h with two
drops of patchouli oil may have a similar effect on the
blood platelet mitochondrial MAO-A activity and may be
due to the excretion of the parent component of patchouli
oil or its metabolite [12] with the extension of exposure
time from 2 to 4 h. The activation of blood platelet MAO-
A activity during 4-h short-term (single) exposure with five
and ten drops of patchouli oil may decrease the blood
serotonin concentration, which in turn may inhibit the
5-HT transportation to the brain through blood-brain bar-
rier (BBB) [40-44], as discussed earlier, though further
study is needed. The kinetic studies of blood platelet MAO-
A activity during the short-term (single) exposure of
patchouli oil (either 1 or 4 h with five or ten drops) have
shown that the enzyme activity decreases or increases
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diamond represents two drops of patchouli oil of 1-h exposure for 30
consecutive days. Other details are the same as described in the
legend of Fig. 5. (b) Lineweaver—Burk plots of blood platelet MAO-
A activity of control and long-term patchouli oil-exposed rats.
Lineweaver-Burk plots were drawn from the progress curves with
varying substrate concentration as presented in a of (A) and (B)
respectively

mainly due to the inhibition or stimulation of only its
(MAO-A) substrate binding affinity (Table 2) with appar-
ent change in its (MAO-A) catalytic activity (V,.x) (Fig. 5;
Table 2). This observation indicates that during the short-
term (single) exposure of patchouli oil, the blood platelet
mitochondrial MAO-A activity changes (inhibition or
stimulation) qualitatively (Fig. 5; Table 2) [48, 49] and
may be due to the masking or unmasking of the substrate
binding site, respectively [15].

Activation of blood platelet mitochondrial MAO-A
activity with the short-term exposure (4 h) of patchouli oil
(five drops) has been found to be potentiated during the
long-term (15 consecutive days) exposure (1 or 2 h) of
patchouli oil; but during the long-term (15 consecutive
days) exposure for 4 h the said potentiation has turned back
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Table 3 Effect of long-term (15 and 30 consecutive days) patchouli oil exposure on blood platelet MAO-A kinetic parameters in young male
rats

Kinetic parameters (percent) of MAO-A Conditions of patchouli oil exposure

activity Long-term
Five drops for 1 h per day for 15 consecutive Two drops for 1 h per day for 30 consecutive
days days

Ky (mM) 47.62 £ 1.91* 47.62 £+ 0.95*

Vimax (AOD/mg protein/h) 192.82 + 3.83" 152.63 + 3.35"

Results (%) are expressed as mean = SEM (n = 4-6). The percent changes were calculated with respect to the control. The control value of K,
(mM) is 0.21 £ 0.009 and V,,,x (AOD/mg protein/h) is 2.09 £ 0.09 of 15 consecutive days and for 30 consecutive days. The control value of K,
(mM) is 0.22 + 0.01 and Vp,,x (AOD/mg protein/h) is 2.11 & 0.02. V.« and K, values were calculated from Lineweaver—Burk plot (Fig. 4).
Kinetic studies were carried out using varying concentrations (0.05-0.4 mM) of serotonin. Other details are the same as described in the legend

of Figs. 5 and 6
Significantly different from corresponding control rats “p < 0.001

to almost the similar activation level as has been found in
case of short-term (single exposure for 4 h) exposure with
five drops. This observation with the long-term exposure,
unlike the short-term exposure of patchouli oil, may be
either due to the different components of patchouli oil or
may be due to the most abundant component and/or its
metabolites. Patchoulol or patchouli alcohol is the most
abundant component (32.693%) of patchouli oil as per the
present GC and GC/MS analysis (Table 1) and it is
metabolized in vivo and excreted through urine [12].
During the long-term exposure, the patchoulol with other
components may have a chance to metabolize with time
and the formed metabolites may change or potentiate the
blood platelet MAO-A activity (Fig. 4) by the activation of
both catalytic activity (Vi.x) and binding affinity (1/K,)
towards substrate (Fig. 6; Table 3). Further, the short-term
(single exposure for 4 h) patchouli oil (two drops)-induced
inhibition of blood platelet MAO-A activity has been found
to be stimulated during the long-term (15 consecutive days)
exposure (1 or 2 h) of patchouli oil and inhibited with the
4-h exposure; but this potentiation does not exceed the
potentiated level as has been found with five drops of
patchouli oil under similar conditions.

This activation may be due to the time-dependent
exposure of patchouli oil and the metabolism of its major
component molecule (Table 1), patchoulol, within the
body and further minimization may be due to the over-
production of metabolites or over-accumulation of indi-
vidual components of patchouli oil within the circulation
during 4 h for 15 consecutive days of long-term exposure,
though further study is needed. This activation of blood
platelet MAO-A activity, irrespective of the dosages, may
decrease the blood platelet serotonin concentration and
may impair the transportation of serotonin to the brain, as
has been discussed previously during short-term exposure.
This patchouli oil (two drops)-induced potentiation of

blood platelet MAO-A activity has been found to be further
potentiated with the increase of duration of exposure from
15 to 30 consecutive days, which has again turned back to
almost the potentiated level, as has been found in the 15
consecutive days of exposure. This potentiation of MAO-A
activity may be due to the activation of both catalytic
activity (Vi,ax) and substrate binding affinity (1/K,,) of the
enzyme (Fig. 6; Table 3). This particular dose (two drops)
for 30 consecutive days for 1 h shows a stimulatory effect
than the stimulatory effect observed for 15 consecutive
days with similar dose (two drops) and time (1 h) of
exposure. From this observation, it may be stated that the
patchoulol concentration or its metabolite may have a
stimulatory effect on blood platelet MAO-A activity with
the short-term (1 h) exposure for either 15 or 30 consec-
utive days of exposure (Fig. 5). Interestingly, the extension
of exposure time from 1 to 4 h has been found to minimize
the blood platelet MAO-A activity, maybe due to the
longer exposure time (2 or 4 h) to catabolize the patchoulol
or clear the metabolites from the circulation [12, 50]
though it needs to be confirmed. The increase of dose from
two to five drops for 30 consecutive days and after 1 h of
last inhalation may attain the threshold level of patchoulol
or its metabolites to decrease the blood platelet MAO-A
activity and attain the level of inhibition as has been
observed during short-term (single) exposure from 1 to 4 h
(Figs. 3, 4). So, from the present study, it has been found
that the patchouli oil exposure plays a phasic role on the
blood platelet mitochondrial MAO-A activity depending
on the doses (two and five drops), time (1, 2, and 4 h) and
duration [under short-term (single) exposure and long-term
(15 and 30 consecutive days)] of exposures. Unlike the
short-term exposure, the blood platelet MAO-A activity
during the long-term exposure has been found to be
increased with the increase of both V., and K, (Figs. 3, 4,
5, 6; Tables 2, 3), suggesting the blood platelet
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mitochondrial MAO-A enzyme changes both quantitatively
and in a qualitative manner, though further studies at the
level of pharmacokinetic and pharmacodynamic effects of
patchouli oil and/or its major component, patchoulol, are
needed to clarify this.

Finally, it may be concluded that patchouli oil exposure
under (a) short-term showed biphasic response depending
on the dose and duration of exposure, (b) long-term also
showed dual action depending on the dose and period of
treatment. The short-term patchouli oil exposure with
lower dose showed physiological beneficial effect by
activation of blood platelet serotonergic activity, whereas
the exposure for short-term with higher dose and longer
period with lower as well as higher dose, patchouli oil
produced toxic effects by reducing blood platelet seroton-
ergic activity in the physiological response. So, this aroma
oil (patchouli oil), extracted from Pogostemon cablin,
inhalation for short-term as well as long-term (30 consec-
utive days) with lower dose (two or five drops/day) may be
used to uplift the serotonergic system in young adults.
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