academic]ournals

Vol. 9(1), pp. 11-18, January 2017
DOI: 10.5897/JPP2013.0430

Article Number: B97BB0C62184 Journa| of Pharmacognosy and
ISSN 2141-2502
Copyright © 2017 Phytotherapy

Author(s) retain the copyright of this article
http://www.academicjournals.org/JPP

Full Length Research Paper

Brown seaweeds administration generate
psychotherapeutic response associated with brain
norepinephrine modulation in rats

Adnan Khan'?*, Nizam Uddin'®, Saima Khaliq®, Shazia Nawaz*®, Munawwer Rasheed?,
Ahsana Dar?, Muhammad Hanif? and Pirzada Jamal Ahmed Siddiqui'*

Centre of Excellence in Marine Biology, University of Karachi, Karachi-75270, Pakistan.
“Karachi Institute of Radiotherapy and Nuclear Medicine (KIRAN), KDA Scheme 33, Karachi, Pakistan.
3Department of Biochemistry, Federal Urdu University, Karachi, Pakistan.
“International Center for Chemical and Biological Sciences, University of Karachi, Karachi-75270, Pakistan.
5Batterje Medical College for Science and Technology, Jeddah-21442, Kingdom of Saudi Arabia.

Received 22 September, 2016: Accepted 17 November, 2016

Research in the area of herbal psychopharmacology has increased considerably over the past few
decades in search of panacea for neuroprotection. Seaweeds are one of the herbal sources consumed
in many Asian countries as medicine due to their remarkable bioprospecting properties and evident
health benefits. Keeping in view the bioactive potential of seaweeds, the present study was designed to
evaluate the psychotherapeutic potential of Sargassum swartzii and Stoechospermum marginatum, in
association with the role of brain norepinephrine (NE) using a rat model. Adult male albino Wistar rats
were divided into three groups (n=6) as control rats (CR), S. swartzii extract treated (SSET) and S.
marginatum extract treated (SMET). Seaweeds were extracted using methanol and administered orally
to rats for four weeks at a dose of 60 mg/kg. Behavioral changes for stimulant activities were assessed
by activity cage and open field tests, while anxiety was observed in light-dark exploration test. Followed
by scoring behavioral activities, rats were decapitated and brain samples taken out from the cranial
cavity were immediately stored at -70°C until estimation of brain NE levels by high performance liquid
chromatography-electrochemical detection (HPLC-ECD). Results exhibited an increase in ambulatory
and anxiolytic activities by SSET and SMET rats with subsequent increase in brain NE as compared to
CR. The increase in NE in SSET and SMET rats could be attributed to the lipolytic activity of seaweeds.
However, the exact mechanism underlying the increase in NE needs further investigations. In
conclusion, seaweed extracts showed significant psychostimulant and anxiolytic activity by
ameliorating brain NE levels and could be studied further for isolation of active ingredients responsible
for eliciting such a response.
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INTRODUCTION

Anxiety, depression and mood disturbance are (Kessler et al., 2005). A study comprising interviews of
widespread psychiatric disorders that are being treated 2055 people suffering from psychological disorders,
with medicines of the natural closet from time immemorial reported that more than 50% patients of depression and
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anxiety were using medicines from natural sources
(Kessler et al., 2001). Another study reported the use of
herbal medicines by 44% of psychiatric patients
interviewed during the last 12 months of their treatment
(Elkins et al., 2005). Researches in the area of herbal
psychopharmacology have gained the attention of
scientific community especially after isolation of morphine
from opium (Pengelly, 1997). Since then, plenty of herbal
sources from the terrestrial environment were evaluated
for bioprospecting and pharmacological potential
(Spinella, 2001). It is important to note that oceans are
considered as the largest reservoir of bioactive sources
inhabiting half of the total global biodiversity and covers
approximately 90% of the world’s living biomass (Kim and
Wijesekara, 2010). Among organisms of the ocean,
seaweeds were the most studied bioactive source due to
the presence of diverse biologically active ingredients
different in structure and functions than other organisms
(Paula et al., 2011; Li, 2009), their easy availability and
possibility for cultivation (Dhargalkar et al.,, 2005).
Seaweeds were reported to be consumed by humans
(Liu et al., 2012) and animal (Hong et al., 2007), as food
and medicine, for long. For nearly 2000 years, the
traditional Chinese medicine has recommended the use
of seaweeds for various kinds of pathological conditions
(Liu et al., 2012). Even today, in Korea, brown seaweeds
were reported to be utilized by mothers of newborn as
folk medicine (Moon and Kim, 1999). The significance of
seaweeds that may affect the central nervous system
(CNS) has grown with preclinical in vitro and in vivo
studies validating many phytotherapies for neuroprotection
(Pangestuti and Kim, 2011). Seaweeds are considered
as a useful bioactive natural source that could protect
CNS against oxidative degradation (Jiao et al., 2011).
Reports on lower incidence of psychiatric disorders in
East Asian countries are also attributed to the use of
seaweeds (Pangestuti and Kim, 2011). Another study
reported bioprospecting potential of a seaweed specie via
modulation of brain biogenic amines including
norepinephrine (NE), which serves as the main chemical
messenger of the noradrenergic system (Najam et al.,
2010).

The NE neurons are located and distributed as small
clusters in the brain stem, while their axons diffuse
throughout the brain, for example, prefrontal cortex,
hypothalamus, thalamus, hippocampus and amyglada
(Goddard et al., 2010). Thereby, NE input received from
the diverse targets influence wide range of brain functions,

for example, memory retention, attention, mood,
arousal and the response during stress (Sved et al.,
2001). The involvements of NE in mediating
psychostimulant functions were studied for many years
and it was reported that irregularities associated with NE
system may contribute to key symptoms of anxiety and
mood disorders (Abercombie and Jacobs, 1987). A study
observing elderly caregivers to Alzheimer's patients
reported that subjects with high stress levels (caregivers)
compared with non-care givers of much less stress level
exhibit higher plasma norepinephrine levels and increase
B-adrenergic receptor sensitivity (Mills et al., 1997).
Conversely, facilitated NE transmission is attributed
toward anxiolytic response. It is reported that NE system
might have a modulatory role in both anxiogenic and
anxiolytic effects that vary depending on the condition of
stress (Ressler and Nemeroff, 1999). Therefore, NE
system is postulated to play a primary role in
pathophysiology and  subsequent treatment of
psychological disorders (Cameron et al., 2004).
Seaweeds are broadly classified as brown
(Phaeophyta), red (Rhodophyta) and green (Chlorophyta)
depending on color and pigmentation. Along Pakistan
coast, brown seaweeds are considered as the most
abundant algal group among three classes of algal flora
(Hameed et al., 2000). Stoechospermum marginatum
and Sargassum swartzii are the two abundant species
among brown algae which are exclusively studied for
diverse bioactivities but never been tested for
pharmacological activities related to CNS in vivo (Shaikh
et al., 1990; Dar et al., 2007; Sabina et al., 2005; Pujol et
al., 2012). It should be noted that most of the studies on
herbal medicines do not report isolation of single active
compound since biological response relies on the
synergistic interaction between chemical constituents in
herbal sources (Williamson, 2001).It is more common for
natural sources to have many potential psychoactive
constituents which can be seen in studies using a
combination of substances to get the desired results
(Heinrich et al., 2004). Epigenetic assays of phytodol, a
multi-compound herbal product used as an anti-
inflammatory drug showed that gene expression profile of
the whole herb and not an individual constituent is
responsible for producing biological effects (Jordan et al.,
2010). Based on findings mentioned earlier and
remarkable nutritional and biological value of seaweeds,
the current study is designed to investigate the
psychoactive potential of S. swartzii and S. marginatum
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in connection with brain NE modulation.

MATERIALS AND METHODS
Algal

Healthy specimens of S. swartzii and S. marginatum were
handpicked from the coast of Ormara, Baluchistan. Seaweeds were
authenticated and archived at Center of Excellence in Marine
Biology, University of Karachi for future correspondence. Collected
seaweeds were rinsed with water to remove any debris or epiphytes
and were shade dried in a dark room at 25+5°C temperature. Dried
seaweeds were then ground with the help of mechanical grinder
and soaked in methanol (5X). After each successive soaking,
residues were filtered using Whatman no. 1 filter papers. Filtrates
were pooled together, concentrated using rotary evaporator and
further dried under vacuum to get the desired methanolic extracts.

Animals and dosing

Eighteen adult, 10 to 12 weeks old male Wistar rats weighing
between 220 and 240 g were purchased from Agha Khan University
Hospital, Karachi. All experiments were conducted in accordance
with the declaration of Helsinki and with the Guide for the Care and
Use of Laboratory Animals adopted by National Institutes of Health
(Bayne, 1996). Rats were housed in individual cages at room
temperature under 12 h dark/light cycle and were given standard
diet and water ad libitum. Rats were acclimatized for 3 to 4 days
before the start of the experiments. All experiments were conducted
according to the protocol set by local animal care committee. At the
start of experiment, rats were divided into three groups (n=6) as
control rats (CR) (distilled water treated), S. swartzii extract treated
rats (SSET) and S. marginatum extract treated rats (SMET),
respectively. The treatment was given at a dose of 60 mg/kg daily
for four weeks. Extracts and dist water were administered orally
with the help of feeding tube attached to a 1 ml syringe. Careful
consideration was taken, while administration of doses and it was
made sure that the animals took in the entire dose. After behavioral
trials,rats were decapitated randomly to avoid any order effect.
Brain samples were removed from the cranial cavity and stored
immediately at -70°C until estimation for NE was performed.

Open field test

The locomotor activity of rats in a novel environment was tested
using open field apparatus (Kennett et al., 1985). The test is based
on the principle in which ambulatory skills of rats were determined
in an open novel space where escape was prevented by a
surrounding wall. Test was performed in a quiet room under white
light. The apparatus used in the present study consisted of a
square area (76 x 76 cm) with opaque walls (42 cm high) having
twenty five equal squares drawn on the floor of the apparatus. Rats
were taken from their cages and placed in the center of the
apparatus one at a time. The numbers of squares crossed by the
rats with all paws were counted in a 10 min session. The tools were
cleaned with water after each test to eradicate animal clues.

Activity cage test

For evaluation of exploratory activity in familiar environment,
transparent perspex cages of 29x26x2 cm size with sawdust
covered floor were used (Bushra et al., 2012). Activity in the home
cage was determined by counting the number of cage crossings for
10 min after the acclimatization period of 5 min as described earlier
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(Bushra et al., 2012). Stimulant activity of test and control rat was
monitored at the same time to avoid time effect. The experiment
was conducted in a quiet room to avoid disturbance.

Light-dark exploration test

The test is based on the initial model as described by Crawley and
Goodwin (1980). Rats were exposed to a plastic box with two
compartments. The dimensions of both compartments were of the
same size (26 x 26 x 26 cm), with a door (12 x 12 cm) between the
separating walls of the compartments which allow rats to move
freely between compartments. One compartment of the plastic box
is left transparent and is exposed to light while the other one was
made dark by painting the walls black. Under normal conditions rats
tend to spent more time in the dark region due to the conflict
between exploratory drive and risk avoidance in bright light. The
test ran for 10 min after the rats were placed in the light
compartment facing away from the partition. Time spent in light
region and numbers of light/dark transitions were scored.

High performance liquid
detection (HPLC-ECD)

chromatography-electrochemical

NE was extracted from the known weight of brain tissues in
extraction buffer (0.4 M perchlorate containing 0.1% sodium
metabisulphite, 0.01% EDTA and 0.1% cysteine). Estimation of
brain NE was carried out by the method using HPLC-ECD as
described earlier (Abbas et al.,, 2013). The homogenate was
centrifuged at 14000 rpm at 4°C. Supernatant was passed through
5 p shim-pack ODS® (stationary phase) separating column (150
mm length; 4 mm). The mobile phase consisted of methanol (10%),
octanesulfonic acid (0.023%) and EDTA (0.005%). The pH was
maintained to 3.4 with the help of 0.1 M phosphate buffer. The
detection was achieved at an operating potential of +0.8 V for brain
NE.

Statistical analysis

The data obtained were expressed as mean + standard deviation
(SD). Differences between various means were calculated by one
way analysis of variance (ANOVA). Post hoc analysis was carried
out by using Newman-Keuls test. Values were considered
significant at p<0.05.

RESULTS
Behavioral results

S. swartzii and S. marginatum extracts were administered
to rats for four weeks. Rats were tested for ambulatory
behavior in a novel environment using open field
apparatus. SSET, SMET and CR were placed in a an
open field and number of squares crossed in 10 min time
interval showed an increase in locomotor activity by
SSET and SMET rats as compared to CR (Figure 1;
df=15.2, F=21.652, p<0.005). Similarly, stimulatory
activity in a familiar environment was tested by activity
cage test. The floor of the activity cage was covered with
sawdust to give a home cage environment to rats. SSET
and SMET rats showed an increase in stimulatory activity
during a 10 min session in the activity cage as compared

to CR animals (Figure 2; df=15.2, F=7.913, p<0.005).This
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Figure 1. Effect of S. swartzii and S. marginatum extract
treatment on locomotor activity in a novel environment was
assessed using open field test. Rats were placed at the center
of the field and numbers of squares crossed were scored. Data
represent as mean + SD (n=6). **p<0.05 is considered as
significantly different from controls.
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Figure 2. Effect of S. swartzii and S. marginatum extract
treatment on stimulant activity in a familiar environment was
assessed using activity cage test. Rats were placed in a
transparent box with sawdust covered floor and numbers of
cage crossings were noted. Data represent as mean + SD
(n=6). **p<0.05 is considered as significantly different from
controls.

indicates that SSET and SMET treatment significantly
increased stimulatory activity both in novel and familiar
environments.

Following stimulatory activity, rats were tested for
anxiety like effects in dark and light box. Current study
showed that S. swartzii and S. marginatum extracts when
given to rats for four weeks produce significant anxiolytic
effects (Figure 3) exhibited by the increase in time spent
in light region (df=15.2, F=18.945, p<0.001) and number
of transitions between light/dark compartments by SSET
and SMET rats as compared to controls (df=15.2,
F=15.51, p<0.001).

Neurochemical results

After scoring behavioral activities rats were decapitated
and brain samples were taken out for estimation of NE.
The present study showed that long term treatment with
S. swartzii and S. marginatum significantly increase brain
NE levels as compared to control rats. Results of the
behavioral trials correlate with the increase in brain NE in
SSET and SMET rats as compared to CR (Figure 4;
df=15.2, F=10.989, p<0.001). However, the exact
mechanism behind the increase in NE warrants further
experimentation.

DISCUSSION

The present study reported an increase in brain NE levels
in SSET and SMET rats as compared to CR. The role of
NE in alteration of various behaviors have been reported
from decades, while the importance of NE as a potential
target for the treatment of various psychological
conditions has gain interest recently (Morilak et al.,
2005). Many behavioral states are controlled by brain NE
modulation which include but not limited to vigilance,
arousal, anxiety and inhibition of depressive symptoms.
The NE neurons have acquired the important cellular
position in the brainstem nuclei, while its receptors are
projected in almost every part of the brain (Smythies,
2005). The increase in brain NE concentration is
modulated either by NE synthesis or its degradation
(Bonisch and Bruss, 2006). Other mechanisms involve in
increasing brain NE are either inhibition of enzymes
monoamine oxidase or catechol-o-methyl transferase
(Huotari et al., 2002). The production of NE in brain also
varies notably by means of its precursor L-tyrosine and
significantly increases by tyrosine modulation (Brodnik et
al., 2012). Free tyrosine levels are controlled by tissue
flux through fat metabolism while its entry in the brain
increases after competition with other amino acids for a
common transport system (Fernstrom, 1990). It was
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Figure 3. Effect ofS. swartzii and S. marginatum extract
treatment on brain NE was assessed using HPLC-ECD. The
brain samples were drawn from the cranial cavity of the rats
after decapitation following behavioral tests. Data represent the
concentration (ng/g) as mean * SD (n=6). **p<0.05 is
considered as significantly different from controls.

reported in a study that obese mice getting treatment of
lipolytic caffeine showed significant reduction in body fat
along with increase in brain norepinephrine (Chen at al.,
1994). It is also very much recognized that brown
seaweeds are a potent inhibitor of lipid accumulation
(Park et al., 2011). Thus it could be deduced that
increase in brain NE levels of SSET and SMET (oral
administration of extracts for four weeks) rats might be
due to the lipolytic activity of seaweeds. The increase in
lipid metabolism could have increased free tyrosine
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Figure 4. Light-dark exploration. Rats treated with 60 mg/kg
extracts of S. swartzii and S. marginatum spent more time in
brightly lit open area and made significant transition between
the two compartments then the vehicle treated rats. Data
represent as mean + SD (n=6). **p<0.05 is considered as
significantly different from controls.

concentration in plasma which in turns increased brain
tyrosine levels by competing with other amino acids. This
increase in the brain tyrosine, precursor of NE, is
subsequently involved in increasing brain NE in SSET
and SMET rats. However, the exact mechanism behind
the increase in NE levels in rat brains warrants further
investigations.

The effects of long term SSET and SSET on
psychostimulant and anxiolytic activity in a rat model
were also observed. Present study showed that
exploratory behavior tested in a novel environment using
open field test and in a familiar environment using home
cage paradigm is significantly increased in SSET and
SSET rats as compared to CR. It was reported earlier
that NE is a; receptor agonist in the brain which are
widely distributed in CNS and are known to regulate
motor activity, attention and vigilance (Aston-Jones et al.,
1994). It was shown in a study that administration of NE
injections has significantly increased stimulant activity via
ameliorating functions of a1 receptors (Plazik et al.,
1985). Furthermore the inactivation of NE decreases
spontaneous locomotor activity in a novel and familiar
environment (Mitchell et al., 2006). Thus, it could be
inferred from the evidences above that the CNS stimulant
activity is associated with the increase in brain NE levels
(Rothman et al., 2001), while destruction of NE terminals
subsequently exhibit marked reduction in stimulant
activity (Nishi et al., 1991).

Therefore, the hypermatility in test rats as compared to
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CR lead to the postulation that SSET and SMET have
influenced the NE levels which is known to be involved in
the mediation of locomotor activity and stimulant activity.

Anxiolytic behavior in SSET, SMET and CR rats was
evaluated using light/dark test. Rats when placed in the
light/dark box spent more time in the lit compartment as
an index of anxiolytic behavior (Crawley and Goodwin,
1980). Studies also validated that administration of
anxiolytics significantly increased locomotion and time
spent in light region in light/dark box test (Imaizumi et al.,
1994). Typically, anxiety is associated with the increase
in brain NE level (Mathew et al., 2008). It was confirmed
that NE neurotransmitter system activated by stress has
a specific role in ameliorating anxiety (Tanaka et al.,
2000). Conversely, it was reported that NE
microinjections in brain dorsal periaqueductal gray area
produces anxiolytic effects (Pelosi et al., 2009). It was
further endorsed in a study that increase in NE activity is
not only attributed to anxiety like behavior of stress, but
also activation of NE contributes to the anxiolytic effect.
The dual nature of this increase in NE is due to the
difference in neurotransmission regulation (Ordway et al.,
2007). Evidences suggest that NE system undergoes
modification according to the response associated with
condition of stress (Rodrigues et al, 2009). The
pathological anxiety is attributed with time dependent
phasic modulation within the NE system (Schulz et al.,
2002). Hence, the treatment response in consequence of
pharmacological modulation of NE is critical. In a report, it
was revealed that pharmacological interventions targeting
to increase NE system resulted in anxiolytic rather than
anxiogenic response (Goddard et al., 2010). This was
further authenticated by testing clonidine, a a2 adrenergic
agonist which significantly stimulates the release of
growth hormone (GH) in healthy individuals (Devesa et
al., 1991). A more detailed study account was reported in
a study comprising healthy individuals and anxiety
patients. It was reported that patients with anxiety when
administered with clonidine exhibit low levels of GH.
Contemporaneously healthy subjects tested for response
with clonidine exhibit an increase in GH levels, thus
concluded that anxiety is associated with hyporeactivity
of NE receptors (Cameron et al., 2004). Further from
another point of view, it should be noted that NE neurons
co expressed the neuropeptide galanin besides NE.
Though, the release of galanin occurs from the same
neuronal system its release does not affect brain NE
levels, thus over expressed galanin springs into action by
over expressed NE (Ordway et al., 2007). It was stated
that the administration of galanin in rats induced
anxiolytic like behavior (Bing et al., 1993).

Therefore, it could be deduced that SSET and SMET
might have stimulated galanin form NE neurons besides
NE and have produced an anxiolytic response. However,
this needs to be evaluated further.

In the current study, brown seaweeds S. swartzii and S.
marginatum were screened for psychotherapeutic profile.
It has been suggested that seaweeds possess significant
psychostimulant and anxiolytic activity by ameliorating
brain norepinephrine levels. The present study
emphasized the potential application of seaweeds as
future pharmaceutical candidates for treatment of
psychiatric disorders. However, the work can be further
extended to evaluate the underlying mechanism behind
the active principles in seaweeds for eliciting such a
response and the exact causes of NE increase in brain
after seaweeds administration.

Conflict of interests

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENT

The authors are indebted to Dr. Sabira Naqvi from HEJ
Research Institute of Chemistry, International Center for
Chemical and Biological Science, Karachi, Pakistan for
her assistance in HPLC-ECD. Financial support to AK by
the Center of Excellence in Marine Biology, University of
Karachi and to NU by HEC under its IPFP program is
thankfully acknowledged.

REFERENCES

Abbas G, Naqvi S, Erum S, Ahmed S, Rahman A, Dar A (2013).
Potential Antidepressant Activity of Areca catechu Nut via Elevation
of Serotonin and Noradrenaline in the Hippocampus of rats.
Phytother. Res.27(1):39-45.

Abercrombie ED, Jacobs BL (1987). Single-unit response of noradre-
nergic neurons in the locus coeruleus of freely moving cats. I.Acutely
presented stressful and nonstressful stimuli. J. Neurosci. 7(9):2837-
2843.

Aston-Jones G, Rajkowski J, Kubiak P, Alexinsky T (1994). Locus
coeruleus neurons in monkey are selectively activated by attended
cues in a vigilance task. J. Neurosci.14(7):4467-4480.

Bayne K (1996). Revised guide for the care and use of laboratory
animals available American Physiological Society. Physiologist
39:208-211.

Bing O, Mdller C, Engel JA, Sdderpalm B, Heilig M (1993). Anxiolytic-
like action of centrally administered galanin. Neurosci. Lett. 164(1-
2):17-20.

Bonisch H, Bruss M (2006). The norepinephrine transporter in
physiology and disease. Handb. Exp. Pharmacol. 175:485-524.

Brodnik Z, Bongiovanni R, Double M, Jaskiw GE (2012). Increased
tyrosine availability increases brain regional DOPA levels in vivo.
Neurochem. Int. 61:1001-1006.

Bushra R, Rahila N, Igbal A, Somia G (2012). Neuropharmacological
screening of lyengaria stellata revealed its memory boosting,
anxiolytic and antidepressant effects. Int. Res. J. Pharm. 3(10)89-94.

Cameron OG, Abelson JL, Young EA (2004). Anxious and depressive
disorders and their comorbidity: effect on central nervous system
noradrenergic function. Biol. Psychiatry 56(11):875-883.

Chen MD, Lin WH, Song YM, Lin PY, Ho LT (1994). Effect of caffeine
on the levels of brain serotonin and catecholamine in the genetically


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bing%20O%5BAuthor%5D&cauthor=true&cauthor_uid=7512244
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B6ller%20C%5BAuthor%5D&cauthor=true&cauthor_uid=7512244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Engel%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7512244
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B6derpalm%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7512244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heilig%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7512244
http://www.ncbi.nlm.nih.gov/pubmed/7512244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=8039038
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=8039038
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=8039038
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20PY%5BAuthor%5D&cauthor=true&cauthor_uid=8039038
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ho%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=8039038

obese mice. Zhonghua Yi Xue Za Zhi. 53(5):257-261.

Crawley JN, Goodwin FK (1980). Preliminary report of a simple animal
behavior for the anxiolytic effects of benzodiazepines. Pharmacol.
Biochem. Behav.13(2):167-170.

Dar A, Baig HS, Saifullah SM, Ahmad VU, Yasmeen S, Nizamuddin M
(2007). Effect of seasonal variation on the anti-inflammatory activity
of Sargassum wightii growing on the N. Arabian Sea coast of
Pakistan. J. Exp. Mar. Biol. Ecol. 351(1-2):1-9.

Devesa J, Diaz MJ, Tresguerres JA, Arce V, Lima L (1991).Evidence
that alpha 2-adrenergic pathways play a major role in growth
hormone (GH) neuroregulation: alpha 2-adrenergic agonism
counteracts the in-hibitory effect of muscarinic cholinergic receptor
blockade on the GH response to GH-releasing hormone, while alpha
2-adrenergic blockade diminishes the potentiating effect of increased
cholinergic tone on such stimulation in normal men. J. Clin.
Endocrinol. Metab. 73(2):251-256.

Dhargalkar VK, Pereira N (2005). Seaweed: Promising plant of the
millennium. Sci. Cult. 71:60-66.

Elkins G, Rajab MH, Marcus J (2005). Complementary and alternative
medicine use by psychiatric inpatients. Psychol. Rep. 96(1):163-166.

Fernstrom JD (1990). Aromatic amino acids and monoamine synthesis
in the central nervous system: influence of the diet. J. Nurt. Biochem.
1:508-517.

Goddard AW, Ball SG, Martinez J, Robinson MJ, Yang CR, Russell JM,
Shkhar A (2010). Current perspectives of the roles of the central
norepinephrine system in anxiety and depression. Depress. Anxiet.
27(4):339-350.

Hameed S, Ahmed M, Shameel M (2000). Distribution of commonly
occurring seaweeds with their tidal heights on the rocky bench of
Pacha near Karachi, Pakistan. Pak. J. Mar. Biol. 6:101-112.

Heinrich M, Barnes J, Gibbons S, Williamson E (2004). Fundamentals
of Pharmacognosy and Phytotherapy. Churchill Livingstone, London.
Hong DD, Hien HM, Son PN (2007). Seaweeds from Vietnam used for
functional food, medicine and biofertilizer. J. Appl. Phycol. 19(6):817-

826.

Huotari M, Gogos JA, Karayiorgou M, Koponen O, Forsberg M,
Raasmaja A, HyttinenJ, Mannisto PT (2002). Brain catecholamine
metabolism in catechol-O-methyltransferase (COMT)-deficient mice.
Eur. J. Neurosci. 15(2):246-256.

Imaizumi M, Miyazaki S, Onodera K (1994). Effects of xanthine
derivatives in a light/dark test in mice and contribution of adenosine
receptors. Methods Find. Exp. Clin. Pharmacol. 16(9):639-644.

Jiao G, Yu G, Zhang J, Ewart H (2011). Chemical structures and
bioactivities of sulfated polysaccharides from marine algae. Marine
Drugs 9(2):196-223.

Jordan SA, Cunningham DG, Marles RJ (2010). Assessment of herbal
medicinal products: challenges, and opportunities to increase the
knowledge base for safety assessment. Toxicol. Appl. Pharmacol.
243(2):198-216.

Kennett GA, Dickinson SL, Curzon G (1985). Central serotonergic
responses and behavioral adaptation to repeated immobilization: the
effect of the corticosterone synthesis inhibitor metyrapone. Eur. J.
Pharmacol. 119(3):143-52.

Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE (2005).
Prevalence, severity, and comorbidity of 12-month DSM-IV disorders
in the National Comorbidity Survey Replication. Arch. Gen. Psychiatr.
62(6):617-627.

Kessler RC, Soukup J, Davis RB, Foster DF, Wilkey SA, Van Rompay
MI, Eisenberg DM (2001). The use of complementary and alternative
therapies to treat anxiety and depression in the United States. Am. J.
Psychiatry 158(2):289-294.

Kim S, Wijesekara | (2010). Development and biological activities of
marine-derived bioactive peptides: A review. J. Funct. Foods 2(1):1-
9.

Li Z (2009). Advances in marine microbial symbionts in the China sea
and related pharmaceutical metabolites. Marine Drugs 7(2):113-129.
Liu L, Heinrich M, Myers S, Dworjanyn SA (2012). Towards a better

understanding of medicinal uses of the brown seaweed Sargassum in

Khan et al. 17

Traditional Chinese Medicine: a phytochemical and pharmacological
review. J. Ethnopharmacol. 142(3):591-619.

Mathew SJ, Manji HK, Charney DS (2008). Novel drugs and therapeutic
targets for severe mood disorders. Neuropsychology 33(9):2080-
2092.

Mills PJ, Ziegler MG, Patterson T, Dimsdale JE, Hauger R, Irwin M,
Grant | (1997). Plasma catecholamine and lymphocyte beta 2-
adrenergic receptor alterations in elderly Alzheimer caregivers under
stress. Psychosom. Med. 59(3):251-256

Mitchell HA, Ahern TH, Liles LC, Javors MA. Weinshenker D (2006).
The effects of norepinephrine transporter inactivation on locomotor
activity in mice. Biol. Psychiatry 60(10):1046-52.

Moon S. Kim J (1999). lodine content of human milk and dietary iodine
intake of korean lactating mothers. Int. J. Food Sci. Nutr. 50(3):165-
171.

Morilak DA, Barrera G, Echevarria DJ, Garcia AS, Hernandez A, Ma
S, Petre CO (2005). Role of brain norepinephrine in the behavioral
response to stress. Progr. Neuropsycopharmacol. Biol. Psychiatry
29(8):1214-1224.

Najam R, Ahmed SP, Azhar | (2010). Pharmacological activities of
Hypnea musciformis. Afr. J. Biomed. Res. 13:69-74

Nishi K, Kondo T, Narabayashi H (1991). Destruction of norepinephrine
terminals in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-
treated mice reduces locomotor activity induced by L-DOPA. Neuro.
Lett. 123(2):244-247.

Ordway GA, Schwartz MA, Frazer A (2007). Brain Norepinephrine:
Neurobiolgy and therapeutics. Cambridge University Press;
Cambridge; Newyork.

Pangestuti R, Kim S (2011). Neuroprotective Effects of Marine Algae.
Mar. Drugs 9(5):803-818.

Park M, Jung U, Roh C (2011). Fucoidan from marine brown algae
inhibits lipid accumulation. Mar. Drugs 9(8):1359-1367.

Paula JC, Vallim MA, Teixeira VL (2011). What are and where are the
bioactive terpenoids metabolites from Dictyotaceae (Phaeophyceae).
Rev. Bra. Farmacogn.21(2):216-228.

Pelosi GG, Resstel LL, Soares VP, Zangrossi H, Guimaraes FS, Corréa
FM (2009). Anxiolytic-like effect of noradrenaline microinjection into
the dorsal periaqueductal gray of rats. Behav. Pharmacol. 20(3):252-
259.

Pengelly A (1997). The Constituents of Medicinal Plants. Fast Books,
Glebe, NSW.

Ptaznik A, Danysz W, Kostowski W (1985). A stimulatory effect of
intraaccumbens injections of noradrenaline on the behavior of rats in
the forced swim test. Psychopharmacology (Berl). 87(1):119-23.

Pujol CA, Ray S, Ray B, Damonte EB (2012). Antiviral activity against
dengue virus of diverse classes of algal sulfated polysaccharides. Int.
J. Biol. Macromol. 51(4):412-416.

Ressler KJ, Nemeroff CB (1999). Role of norepinephrine in the
pathophysiology and treatment of mood disorders. Biological
psychiatry. 46(9):1219-33.

Rodrigues SM, LeDoux JE, Sapolsky RM (2009). The influence of
stress hormones on fear circuitry. Annu. Rev. Neurosci. 32:289-313.
Rothman RB, Baumann MH, Dersch CM, Romero DV, Rice KC, Carroll

Fl, Partilla JS (2001). Amphetamine-type central nervous system
stimulants release norepinephrine more potently than they release
dopamine and serotonin. Synapse. 39(1):32-41.

Sabina H, Tasneem S, Samreen, Kauser Y, Choudhary MI, Aliya R
(2005). Antileishmanial activity in the crude extract of various
seaweed from the coast of Karachi, Pakistan. Pak. J. Bot. 37(1):163-
168.

Schulz B, Fendt M, Schnitzler HU (2002). Clonidine injections into the
lateral nucleus of the amygdala block acquisition and expression of
fear-potentiated startle. Eur. J. Neurosci. 15(1):151-157.

Shaikh W, Shameel M, Hayee-Memon A, Usmanghani K, Bano S,
Ahmad VU (1990). Isolation and characterization of chemical
constituents of  Stoechospermum  marginatum  (Dictyotales,
Phaeophyta) and their antimicrobial activity. Pak. J. Pharm. Sci.
3(2):1-9.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22683660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heinrich%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22683660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Myers%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22683660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dworjanyn%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=22683660
http://www.ncbi.nlm.nih.gov/pubmed/22683660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=16893531
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahern%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=16893531
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liles%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=16893531
http://www.ncbi.nlm.nih.gov/pubmed/?term=Javors%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16893531
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weinshenker%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16893531
http://www.sciencedirect.com/science/article/pii/S0278584605002708
http://www.sciencedirect.com/science/article/pii/S0278584605002708
http://www.sciencedirect.com/science/article/pii/S0278584605002708
http://www.sciencedirect.com/science/article/pii/S0278584605002708
http://www.sciencedirect.com/science/article/pii/S0278584605002708
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pelosi%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Resstel%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soares%20VP%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zangrossi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guimar%C3%A3es%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corr%C3%AAa%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corr%C3%AAa%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19407657
http://www.ncbi.nlm.nih.gov/pubmed/19407657
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C5%82a%C5%BAnik%20A%5BAuthor%5D&cauthor=true&cauthor_uid=2997825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Danysz%20W%5BAuthor%5D&cauthor=true&cauthor_uid=2997825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kostowski%20W%5BAuthor%5D&cauthor=true&cauthor_uid=2997825
http://www.ncbi.nlm.nih.gov/pubmed/2997825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pujol%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=22652218
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ray%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22652218
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ray%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22652218
http://www.ncbi.nlm.nih.gov/pubmed/?term=Damonte%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=22652218
http://www.ncbi.nlm.nih.gov/pubmed/22652218
http://www.ncbi.nlm.nih.gov/pubmed/22652218
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shaikh%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shameel%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hayee-Memon%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Usmanghani%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bano%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahmad%20VU%22%5BAuthor%5D
../../../../../../../../../thesis/PHARM%20EFF/constituen%20of%20s,marg.htm

18 J. Pharmacognosy Phytother.

Smythies J (2005). Section lll. The norepinephrine system. Int. Rev.
Neurobiol. 64:173-211.

Spinella M (2001). The Psychopharmacology of Herbal Medicine: Plant
Drugs That Alter Mind, Brain and Behavior (Paperback). MIT Press,
Cambridge.

Sved AF, Cano G, Card JP (2001). Neuroanatomical specificity of the
circuits controlling sympathetic outflow to different targets. Clin. Exp.
Pharmacol. Physiol. 28(1-2):115-119.

Tanaka M, Yoshida M, Emoto H, Hideo Ishii (2000).Noradrenaline
systems in the hypothalamus, amygdala and locus coeruleus are
involved in the provocation of anxiety: basic studies. Eur. J.
Pharmacol. 405(1-3):397-406.

Williamson EM (2001). Synergy and other interactions in
phytomedicines. Phytomedicine 8(5):401-409.



