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The aerial parts of Achillea fragrantissima (Forssk.) Sch. Bip., wildly grown in Egypt, yielded 0.8 and 
1.5% (v/w) of essential oils prepared by hydrodistillation (HD), or by conventional volatile solvent 
extraction method (preparation of the “absolute”, SE), respectively.  The volatile components of this 
essential oil were determined by GC–MS analyses. Twenty eight compounds were identified in the HD 
sample, among which caryophyllene oxide (23.50%), 1-terpinen-4-Ol (11.15%), viridiflorol and guaienol 
(9.84%) were the main components. Meanwhile, 21 compounds were detected in the SE sample; 1-
terpinen-4-Ol (30.90%), p-cymen-3-Ol (21.22%) were the main components. The anticancer activity of the 
prepared oils was evaluated against human breast cancer cell line (MCF-7) and colon cancer cell line 
(HCT116). The oil prepared by hydrodistillation revealed an IC50 0.51 µg/ml for MCF-7 and 0.62 µg /ml for 
HCT116, while that prepared by volatile solvent extraction had a value of 0.80 µg/ml for MCF-7 and 0.91 
µg /ml for HCT116. 
 
Key words: Achillea fragrantissima, cytotoxic and terpinen-4-ol. 

 
 
INTRODUCTION 
 
Essential oils exhibit a very interesting chemotherapeutic 
potential;  several essential oil constituents have been 
described as cytotoxic agents comprising  β-
caryophyllene, β-elemene, δ-elemene, α-humulene, etc. 
(Wang et al., 2005; Sylvestre et al., 2006; Hou et al.,  
2006; Tao et al.,  2006; Xiao et al.,  2006). 

Achillea fragrantissima (Forssk.) Sch. Bip. (Compositae 
or Asteraceae) is a broadly spread medicinal plant all 
over the world and has been used since early time.

 
The 

genus Achillea (Asteraceae) is represented by about 115 
species in the temperate regions of the Northern 
hemisphere, mainly in North Africa, Southeast Europe 
and Southwest Asia (Boulos 2002). Among this genus, A. 
fragrantissima (known by its Arabic name Qaysoom) and 
Achillea  santolina (known locally by Beatheran) are 
represented in Egypt (Tackholm 1974). They are strongly 
fragrant perennial herbs and have been used by 
Bedouins as stomachic and anthelmintic
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(Boulos, 1983; El-Shazly et al., 2004). Common 
indications for the numerous species of this genus 
comprise treatment of inflammation, spasms, pains, 
flatulence, headache, bleedings, dyspepsia and wounds. 
Phytochemical research of Achillea species have shown 
that many ingredients from this genus are highly bioactive 
(Saeidnia et al., 2011). There are various reports on the 
declared folk and traditional uses. A. 
fragrantissima (Forssk.) Sch. Bip.is used traditionally to 
treat fever (viral) and patients with chronic diseases such 
as arthritis and diabetes. Nevertheless, its anticancer 
activity has not been entirely studied yet. 

Previous reports were conducted on the chemical 
composition of A. fragrantissima (Shalaby et al., 1964), 
antimicrobial activity of its essential oil was also reported 
(Barel et al., 1991). Comparison between the essential 
oils and extracts of Achillea fragrantissima (Forssk.) Sch. 
Bip. as well as A. santolina L. (Asteraceae) for studying 
their antimicrobial activity was also reported (el-Shazly et 
al., 2004). 

Selection of the suitable method for preparation of 
essential oils is a tedious process and relies on several 
factors. Hydrodistillation is the most common and the 
cheapest method for isolation of essential oil from plant 
material, but it is well known that this process may affect 
the composition of the oils by isomerization, 
saponification or polymerization of the more labile 
constituents (Koedam et al., 1979). 

In the present study, two different techniques were 
adopted for the extraction of the essential oil from the 
flowering aerial parts of A. fragrantissima. Furthermore, a 
comparative investigation of the prepared samples was 
performed to highlight that the preparation techniques 
have an impact on both the chemical composition and 
cytotoxic efficacy against human breast cancer cell line 
(MCF-7) and colon cancer cell line (HCT116). 

 
 
MATERIALS AND METHODS 

 
Plant material  

 
Fresh aerial parts of A. fragrantissima (Forssk.) Sch. Bip. 
(Asteraceae) were collected from North coast of Alexandria, Egypt, 
throughout spring 2008. The plant was authenticated by the 
Department of Botany, Faculty of Science, Cairo University, Giza, 
Egypt. The voucher specimen (AF-2008-51) is stored at the 
museum of the Pharmacognosy Department, Faculty of Pharmacy, 
Cairo University, Cairo, Egypt. 

 
 
Preparation of the essential oils 

 
Fresh flowering aerial parts of A. fragrantissima were distilled in a 
modified Clevenger apparatus using distilled water for 
approximately 3 h. Another aliquot was prepared by the 
conventional volatile solvent extraction method (preparation of the 
floral absolute) (SE) (1 kg for each). The oil prepared in each case 
passed over anhydrous sodium sulfate to be dried and was stored 
at −20°C until further analysis. 

 
 
 
 
Analysis of the obtained oils   
 
The oils were subjected to GC mass analysis using an Agilent GC-
MS system, model 6890, equipped with an Agilent mass 
spectroscopic detector (MSD), model 5937. Analysis was 
performed on a 30 m long, cross-linked 5% phenyl polysiloxane 
(HP-5MS, Hewlett Packard, USA) fused-silica column (i.d. 0.25 mm, 
film thickness 0.25 μm) and the gas chromotograph was operated 
under the following conditions: The initial temperature was 80°C, 
and kept isothermal for 3 min, then increased to 260°C at 8°C/min. 
The end temperature also kept isothermal for 15 min. The ion 
source temperature and the quadrupole temperature was 230 and 
150°C, respectively. Helium gas was adjusted at a flow rate of 0.1 
ml/min. The HP quadrupole mass spectrometer was operated in the 
electron ionization mode at 70 eV, and scan range from 40 to 500 
m/z at 3.62/scan. Volatile components were built on a Wiley MS 
Databases Library (6th ed), the components of oil were identified; 
using AMDIS software (www.amdis.net); by their retention indices 
relative to Adams (2004) and mass spectra matching to 
Environmental Protection Agency/National Institutes of Health 
(EPA/NIH). Authentic standards when available with data reported 
in the published literature were also used for additional 
identification. 
 
 
Cytotoxicity assay 
 
The potential cytotoxicity of the prepared essential oils by the two 
methods of the aerial parts of Achillea fragrantissima (Forssk.) Sch. 
– Bip. (Family: Compositae) were tested using the method 
discussed by Skehan et al. (1990) on two human cell lines 
(HCT116): colon cancer cell line and MCF-7 (breast cancer cell 
line). The cells were plated in 96-multiwell plate (104 cells/well) for 
24 h before treatment with the samples to let attachment of cells to 
the wall of the plate. Sample under test with different concentrations 
(0, 1, 2.5, 5 and 10 μg/ml in DMSO) were added to the cell 
monolayer. Triplicate wells were arranged for each individual dose. 
The sample under test was incubated with monolayer cells for 48 h 
at 37°C, in an atmosphere of 5% CO2. After 48 h, cells were fixed, 
washed and stained with sulphorhodamine B stain.  Attached stain 
was recovered with Tris EDTA buffer while, excess stain was 
washed with acetic acid. An ELISA reader was used to measure 
color intensity. The relation between surviving fraction and the 
extract concentration is plotted to get the survival curve of each 
tumor cell line after the specified sample. The relation between 
surviving fraction and drug concentration is plotted to get the 
survival curve of each tumor cell line after the specified sample. 
Similarly, the IC50 (dose of the extract which reduces survival to 
50%) and IC10 (dose of the extract which reduces survival to 10%) 
for each extract were calculated using GraphPad Prism software, 
unpaired t test was used for testing the significance, and presented 
in Table 2. 
 
 

RESULTS AND DISCUSSION 
 
The method of preparation of the essential oil affect the 
yield of the oil as 0.8 and 1.5% (v/w) of essential oil was 
obtained from hydrodistillation (HD) and volatile solvent 
extraction (SE) samples, respectively, also the color 
(yellow, and dark yellow, respectively) and specific 
gravity of the samples had also been affected (0.8501, 
and 0.8641 of HD and SE samples, respectively). 
Qualitative and quantitative differences were noticed as 
regards the method of extraction applied as represented 
by the results shown in Table 1. Results of GC-MS
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Table 1. Composition of the essential oil of the aerial parts of A. fragrantissima (Forssk.) Sch. Bip prepared by hydrodistillation (HD) and 
volatile solvent extraction (SE) 
 

S/N Rt The compound 
The distilled 

sample 

The sample prepared 
by volatile solvent 

extraction 
M

+ 
Base peak 

1  8.78 Sabinene  - 2.81 136 93 

2  9.17 β-Myrecene - 1.74 136 93 

3  9.36 
2,5,5-Trimethyl-3,6-heptadien-2-Ol 
(Yomogi alcohol) 

6.43 - 154 59 

4  9.71 α-Terpinene - 1.02 136 121 

5  9.89 O-Cymene - 0.36 136 93 

6  9.96 dl-Limonene  - 1.11 136 93 

7  10.14 2-Methyl-4,6-octadien-2-Ol 1.81 - 154 59 

8  10.58 γ-Terpinene 1.22 3.71 136 93 

9  10.80 Cis-β-Terpineol - 1.41 136 121 

10  11.10 Artemesia alcohol 2.08 - 154 85 

11  11.19 α-Terpinolene - 1.21 154 71 

12  11.42 Linalol 1.81 1.31 154 71 

13  11.54 α-Thujone 3.72 - 154 59 

14  11.88 3-Terpinen-1-Ol - 1.35 154 139 

15  12.24 Terpinen-1-Ol 1.56 1.02 154 92 

16  12.94 1-Terpinen-4-Ol 11.15 30.90 154 71 

17  13.21 α-Terpineol 0.82 1.26 154 59 

18  13.57 1,1-dioxy-tetrahydro-Thiophene - 0.90 120 56 

19  15.01 p-Cymen-3-Ol 8.21 21.22 150 135 

20  15.19 p-Cymen-2-Ol - 1.55 150 135 

21  15.57 Myrteny acetate 0.61 - 175 91 

22  16.53 Clovene 3.22 - 204 189 

23  17.10 β-Caryophyllene 1.29 - 204 93 

24  18.16 α-Bisabolene 1.26 - 204 93 

25  18.44 β-Bisabolene 6.88 1.07 204 69 

26  19.23 ∆8-Dehydro-Bisablen-12-Ol 0.80 - 220 79 

27  19.28 Dendrolasin 1.28 - 218 69 

28  19.72 Caryophyllene oxide 23.50 0.52 207 79 

29  20.08 Methyl Davanafuran 1.42 - 220 109 

30  20.41 Caryophylla-4(12),8(13)-dien-5-β-Ol 0.37 - 220 136 

31  20.46 Guaiol 0.37 - 222 59 

32  20.58 Germacrene-D-4-Ol 0.95 - 222 81 

33  20.65 Veridiflorol 9.84 1.31 222 109 

34  20.70 Guaienol 9.84 - 220 55 

35  20.292 
2-Isopentyl oxy,5-methoxy-p-

cymene 
2.44 - 248 179 

36  22.25 2-Pentyl decanone-6,10,14-trimethyl 0.83 - 250 58 

37  22.43 Isophytol 5.29 6.9 296 71 

38  22.60 Phytol 1.01 - 296 71 

39  26.97 trans-Caryophyllene - 8.67   

 
 
 
analysis of the essential oils prepared from the aerial 
parts of A. fragrantissima samples was recorded (Table 
1), 28 compounds were identified constituting 98.34% of 
the sample prepared by HD, while 21 compounds were 
identified in the sample prepared by SE method, 

constituting 91.04 %. The major components in the 
sample prepared by HD were caryophyllene oxide 
(23.50%) and 1-terpinen-4-Ol (11.15), while the major 
components in the sample prepared by SE were 1-
terpinen-4-Ol (30.90), p-cymen-3-Ol (21.22%). The
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Table 2. In vitro cytotoxicity of the essential oils of A. fragrantissima (Forssk.) Sch. Bip. 
 

The extract 
IC 50 (µg)

a 

Breast cancer cell line (MCF-7) Colon cancer cell line (HCT116) 

The oil prepared by distillation 0.51 0.62 

The oil prepared by volatile solvent extraction 0.80* 0.91* 
 

*Significantly different at P < 0.05; 
a 
S.E. is less than 0.1. 

 
 
 
percentage of oxygenated monoterpenes (Table 1) was 
higher in the sample prepared by SE (61.23%) than in the 
sample prepared by HD (38.83%). Nevertheless, the 
percentage of oxygenated sesquiterpene was higher in 
the sample prepared by HD than that in the sample 
prepared by SE (44.30 and 2.42%, respectively). On the 
other hand, the percentage of sequiterpene hydrocarbons 
was higher in the HD sample than in the sample prepared 
by SE (13.02 and 9.74 %, respectively), while the 
monoterpene hydrocarbons was higher in the sample 
prepared by SE (10.75 %) than that in the sample 
prepared by HD (1.22%). 

From the above results, it can be concluded that the 
method of preparation of volatile oil can affect both the 
percentage of the oil and also the percentages of the 
constituents and chemical classes.  

Recently, natural products aided to run a base for many 
of the pharmaceutical agents used in cancer treatment 
(Pietras and Weinberg, 2005). Chemotherapeutic drugs 
develop day by day, dangers of life threatening host 
toxicity. Researches, hence, proceed to progress drugs, 
which selectively destroy only tumor cells. Therefore, 
cytotoxic activity of the two prepared samples was tested 
on two human cancer cell lines: colon cancer cell line 
(HCT116), and breast cancer cell line (MCF7) (Table 2). 
The two samples showed cytotoxic activity but the HD 
sample was more potent than the SE sample as it 
showed the lowest IC50 values (0.51 and 0.62 µg/ml) 
against the breast, and colon cancer cell line, 
respectively by using GraphPad Prism software, unpaired 
t test and P values <0.05 were considered significant. 
This evidence is probably attributed to the high content of 
β-caryophyllene oxide present in the HD sample which 
has been proven to possess potent cytotoxic activity 
against HepG2, AGS, HeLa, SNU-1 and SNU-16 cells 
(Neung et al., 2011). Meanwhile, iso-caryophyllene 
cytotoxicity was induced by lipid peroxidation, membrane 
permeabilization in L-929 cells and cell shrinking. Lipid 
oxidation could be initiated by oxidized iso-caryophyllene 
derivatives (Jean et al., 2013). 

Caryophyllene oxide was previously reported to inhibit 
mitochondrial electron transport chain through direct 
complex I inhibition (Monzote et al., 2009). Similarly, it is 
possible that iso-caryophyllene blocks mitochondrial 
electron transport chain generating ROS such as 
superoxide anion and hydrogen peroxide (Fariss et al., 
2005).  

Antioxidants and anticancer properties of A. alexandri-
regis herbal extracts have been studied before. The 
chloroform and ethyl acetate extracts exhibited a strong 
anticancer effect against both HeLa and K562 cancer cell 
lines, with an IC50 value of 25.92 ± 4.96 μg/ml for HeLa 
cancer cells and lower cytotoxicity effect against K562 
leukemia cells, 48.59 ± 18.31 μg/ml. 

Meanwhile, the methanol extract was found to possess 
a moderate cytotoxic in vitro activity against HeLa and 
K562 cells (Kundakovic et al., 2005). Anti-proliferative 
activity of the aqueous and hydro-alcoholic extracts of A. 
fragrantissima was previously investigated using the MTT 
assay. The cytotoxic activity using an extract in a 
concentration up to 200 μg/ml, did not retain activity 
against the MCF-7 cells (Hana et al., 2014). 

Exclusively, the anti-proliferative potential effect of A. 
fragrantissima extracts has not been studied yet. A recent 
study described cytotoxic effect of A. fragrantissima 
aqueous extract on HepG2 human hepatocellular 
carcinoma cells (Thoppil et al., 2013). 
 
 
Conclusion 
 
The cytotoxic activity of Achillea essential oil may be 
ascribed to the synergistic effect of all the constituents. 
The results of the present study indicate the potent 
cytotoxic activity of the essential oil prepared either by 
HD or SE from the aerial parts of A. fragrantissima and its 
major components: caryophyllene oxide, 1-terpinene-4-
Ol, veridiflorol and guaienol against breast cancer cells 
(MCF7) and colon (HCT116). Although, the actual 
mechanism by which they displayed antitumor activity is 
not known, it may be due to their interference with cell 
growth. This will be the issue of upcoming researches. 
The results of this study may lead to the improvement of 
the convention of this plant in a substitute cytotoxic 
treatment.  
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The leaf extracts of Phyllanthus amarus Schum and Thonn. a common Western Nigerian weed, was 
investigated for phytochemical constituents and antimicrobial activities. Hexane extracts demonstrated 
the highest extraction of 59% followed by Acetone (57%) and water (48%). Saponins, tannins, alkaloid 
flavonoids, balsam, anthraquinones and phenols were extracted in an acidic medium. Twelve 
microorganisms (8 bacterial species and 4 fungal species) were investigated for antimicrobial activities. 
Generally, the fungal species showed lower minimum inhibitory concentration (MIC) than the bacterial 
species. The test organisms showed close susceptibility to the leaf extracts when compared with 
Bacitracin and Erythromycin. Generally, the combination of the leaf extract with either bacitracin or 
erythromycin alone demonstrated synergistic effect thus showing the potential benefit of combining 
these standard antibiotics with the leaf extracts of P. amarus for combating infections. 
 
Key words: Phyllanthus amarus, leaf extracts, phytochemicals, antimicrobial property antibiotic. 

 
 
INTRODUCTION 
 
Phyllanthus amarus belongs to the family Euphorbiaceae. 
It occurs as a weed throughout the Southern and 
Western part of Nigeria. It is called “Eyin-Olobe” or 
“yoloba” among the Yoruba speaking populations of 
Western Nigeria. According to folklore medical research, 
it is used widely by the local people for the treatment of 
gonorrhea, genito-urinary diseases, asthma, diabetes, 
typhoid fever, jaundice, stomach ache, dysentery, 
hypertension and ringworm (Odugbemi, 2008). Other 
reports claim the use of the plant juice extracted from the 
stem for ophthalmic condition (Idika and Niemogha, 
2008). 

Foo and Wong (1992) have reported the presence of 
tannin, phyllanthusin D in the plant. Similar reports have 
reported the occurrence of hypophyllanthin (Mahidol et 

al., 1994), lignans (Singh et al., 2009) and alkaloids 
(Houhgton et al., 1996). 

Venkateswaran et al. (1987) have shown that the leaf 
extract of the plant possess the ability to inhibit hepatitis 
viruses A and B. The plant extract was equally shown to 
inhibit the replication of a variety of RT inhibitor resistant 
Human Immunodeficiency Virus-I (HIV-I) strains. It has 
been reported to inhibit chemically induced liver tumor in 
rats (Joy and Khuttan, 1988), increase the life span of 
rats with hepatocellular carcinoma (Rajeshkumar and 
Kuttan, 2000); exert protective effect on gentamicin and 
acetaminophen induced nephrotoxic rats (Adeneye and 
Berebo, 2008). It exhibits gastro-intestinal potentials in 
human subjects (Odetola and Akojenu, 2000) and 
possess some antimalarial activity (Tona et al., 1999).
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The essential oil and fractional samples have also been 
demonstrated by Ogunlesi et al. (2009) to possess 
antimicrobial activity. 

In Nigeria, the Federal Governmet has established the 
National Agency for Food and Drug Administration 
Control (NAFDAC) with the purpose of screening and 
monitoring the production of orthodox drugs among 
others. Within the last five years, several traditional 
health practitioners have submitted many plant-based 
natural medications to the regulatory body for 
assessment and approval. Accordingly, some of them 
have been approved and have since been patented for 
the use by the general population. However, the agency 
does not have the essential equipments, required 
personnel, funds and political will to conduct a thorough 
evaluation of the various herbs submitted to it. 

Thus they have no basis to accept or reject the claims 
of these traditional medical practitioners concerning the 
composition and efficacy of these herbs. As a result, 
NAFDAC usually writes on each of these approved drugs 
the inscription. “These claims have not been evaluated by 
NAFDAC”. Since folklore medicine is already widely used 
by the people largely due to poverty and accessibility to 
these orthodox medicines by the rural populace, it does 
not seem wise to discourage this practice by NAFDAC 
which at least ensure that the herbal drugs are 
wholesome (Kuti, 1997). However, it will seem rather 
sensible to embark on an aggressive scientific 
investigation into the efficacy toxicity and contra 
indications of these herbs so as to give a meaningful 
scientific direction to the use of herbs. This is the basis of 
the present effort on P. amarus. 

Similarly, many of the reports of the antimicrobial 
activities of the plants have either utilized the oil extract 
alone (Ogunlesi et al., 2009) or used plants collected 
from Asia (Joy and Khutta, 1988; Tona et al., 1999). 
There is the need to carry out these tests with plants 
obtainable from our locality. This is because ecotypes 
often have different concentrations of the active 
substances across regions of the world. 
 
 
MATERIALS AND METHODS 

 
Plant material and preparation  

 
The leaves of Phyllanthus amarus were collected from Ijebu-Ode in 
Ogun State. This plant was authenticated at El-kaf Herbarium, 
Olabisi Onabanjo University. The leaves were dried in an oven at 
45°C for fourteen days. The dried leaves were powdered and 
stored in a sterile bottle at room temperature. Water, acetone, and 
hexane extraction were carried out by using soxhlet extractor 
(Quickefit U.K). Powdered dried leaves (50 g) were extracted with 
250 ml of each solvent (Akinyemi et al., 2005). 

 
 
Test organisms 

 
The bacteria used were Neisseria gonorrhea, Salmonella typhi, 
Pseudomonas aeruginosa, Proteus vulgaris, Stapylococcus aureus, 
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Escherichia coli, Streptococcus pneumonia, Bacillus subtillis, while 
the fungi were Aspergillus niger, Aspergillus tamari, Candida 
albicans and Fusarium oxysporium. 

The standard strains were from stocks of culture collections 
maintained in the Microbiology Department of International Institute 
of Agriculture Research and Technology IAR&T, Jericho, Ibadan, 
Oyo State. Bacteria were maintained on nutrient agar slants and 
fungi on sabouraud Dextrose agar at 4°C and sub cultured monthly.  
 
 
 Preliminary photochemical studies 
 
The extract was subjected to various phytochemical tests to 
determine the active constituents present in the crude aqueous, 
acetone, and hexane extracts. The slightly modified methods of 
Sofowora et al. (1982) and Trease and Evans (1989) were used. 
 
 
Determination of pH value 
  
The pH was measured using a pH meter of a glass electrode. The 
glass electrode was immersed in water for several hours before 
use. The measurement started about 5 min after the equipment 
was switched on and the detecting unit was rinsed well with water 
and cleaned with a piece of filter paper. The pH meter was adjusted 
at one pH value and the temperature compensation dial was 
rotated to set the temperature of the pH standard solution. The 
detecting unit was then immersed in the pH standard solution and 
measurement taken about 2 min when the pH meter is set to the pH 
of the standard solution. 

The detecting unit was removed from the standard solution, 
washed well with water and gently blotted with a piece of filter 
paper to remove water. It was then immersed in the sample 
solution, and the pH value measured. The temperature of the 
sample solution and that of the pH standard solution was the same. 
 
 
Antimicrobial activity leaf extract 
 
Disc diffusion method  
 
The powdered leaf was dissolved in water, acetone and hexane. 
Discs of about 6 mm diameter were made from Whatman’s No.1 
filter paper using a paper puncher. Batches of 100 discs were 
transferred into Bijou bottles and sterilized in the oven at 121°C for 
15 min. The sterilized discs were soaked with 2 drops of the extract 
using a sterile Pasteur pipette and allowed to dry at room 
temperature.  
 
 
Standardization of inoculum: 
 
The inocula were prepared from the stock cultures which were 
maintained in nutrient agar slant at 4°C and subculture in nutrient 
broth using a sterilized wire loop. The density of suspension 
inoculated unto the media for test was determined by comparison 
with 0.5 McFarland standard of Barium sulphate solution 
(Cheesbrough, 2002). Spore suspension for fungal bioassay was 
prepared according to the procedure of Murugan et al. (2007). 

A sterile cotton swab was then used to spread the resulting 
suspension uniformly on the surface of the oven-dried Isosensitive 
Agar (oxoid) and sabouraud dextrose agar plates (Sterillin) for 
bacteria and fungi, respectively. Sterile forceps were used to place 
each of the discs on the agar plates aseptically and the inoculated 
plates were then incubated at 37°C for 24 h for bacteria strains and 
at 25°C for 72 h for the fungal strains. Antimicrobial activity was 
evaluated by noting the zone of inhibition against the test 
organisms.  
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Table 1. Phytochemical constituents of the leaf extract of Phyllanthus amarus. 
 

Parameters determined  WE ACE HEX 

pH 4.40 5.20 5.70 

% Extraction 48 57 59 

Saponins - + + 

Tannins + + + 

Alkaloids - - TRACE 

Flavonoids - + + 

Balsams - - + 

Anthraquinones - - + 

Phenol + + + 
 

+ = Present; - = absent. 
 
 

Table 2. The minimum inhibitory concentration (MIC) of the different extracts on the test organisms. 
 

Organisms WE ACE ETH HEX METH Bacitracin (30 μg) 

Neisseria gonorrhea 1300 1200 1000 1000 950 800 

Salmonella typhi 1200 1100 1000 900 900 800 

Pseudomonas aureginosa 1300 1200 1100 950 850 600 

Proteus vulganicus 1200 1100 950 900 800 1000 

Staphylococcus aureus 1200 1100 1000 950 1000 800 

Eschericia coli 1100 1000 900 850 900 800 

Streptococcus pneumonia 1000 900 800 750 800 700 

Bacillus subtilis 1000 900 800 800 900 600 

Aspergillus niger 600 500 400 350 400 500 

Aspergillus tamari 500 400 350 300 400 400 

Candida albicans 600 500 450 400 500 300 

Fusarium oxysporum 400 300 250 200 300 300 
 

WE = Water extract; ACE = acetone extract; ETH = ethanol extract; HEX = hexane extract; METH = methanol extract. 
 
 
 

Minimum inhibitory concentration (MIC) 
 
The estimation of MIC of the crude extracts was carried out using 
the method of Akinpelu and Kolawole (2004). Two-fold dilutions of 
the crude extract was prepared and 2 ml aliquots of different 
concentrations of the solution were added to 18 ml of pre-sterilized 
molten nutrient agar and SDA for bacteria and fungi respectively at 
40°C to give final concentration regimes of 0.050 and 10 mg/ml. 

The medium was then poured into sterile Petri dishes and 
allowed to set. The surface of the medium was allowed to dry under 
laminar flow before streaking with 18 h old bacterial and fungal 
cultures. 

The plates were later incubated at 37°C for 24 h and at 25°C for 
up to 72 h for bacteria and fungi respectively, after which they were 
examined for the presence or absence of growth. The MIC was 
taken as the lowest concentration that prevented the growth of the 
test microorganisms. 

 
 

RESULTS 
 

Table 1 shows the results of the phytochemical 
constituents of the leaf extracts of P. amarus. Hexane 
demonstrated the highest percentage (59%) extraction 
followed by Acetone (57%) and water (48%) respectively. 

Thus saponins, tannins, alkaloids, flavonoids, balsam, 
anthraquinones and phenols were all extracted by 
hexane. Acetone extracts did not contain alkaloids, 
balsams and authraguinones while the water extract only 
contained phenols and tannins. All the extracts were 
acidic. 

Table 2 shows the minimum inhibitory concentration of 
the different extracts on the test organisms. Generally, 
the methanol extract had the highest activity against all 
the test organisms used. This was followed by hexane, 
ethanol, acetone and water extracts respectively. The 
fungal species used demonstrated lower MIC generally 
when compared to the bacterial species thus indicating 
their increased susceptibility to the extract. The hexane 
extract has a lower MIC (850) than the methanol extract 
(900). This trend is also observable for all the four fungal 
species. F. oxysporium emerged as the most susceptible 
micro-organisms to all the extracts as compared to all the 
other strains. S. aureus showed a higher MIC (1000) for 
methanol extract than hexane (950). This was also 
observed for S. pneumoniae (850 against 900), E. coli 
(900 versus 850) and all the fungal species. The gram
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Table 3. Synergistic effect of the combination of the extracts with erythromycin and bacitracin. 
 

Organisms 
Zone of inhibition (mm) 

E B EB E ER EER 

N. gonorrhea 8 10 12 8 11 14 

S. typhi 8 11 13 8 12 15 

P. aureginosa 9 12 14 9 14 16 

P. vulgaricus 10 13 15 10 14 16 

S. aureus 11 10 12 12 11 13 

E. coli 12 10 13 11 12 15 

S. pneumoniae 10 11 12 11 13 15 

B. subtillis 9 8 10 8 9 12 

A. niger 6 5 7 7 6 9 

A. tamari 6 7 8 6 8 9 

C. albicans 6 7 8 6 8 10 

F. oxysporium 4 6 5 4 5 9 
 

E = Extracts only, B = bacitracin, EB = extracts/bacitracin, ER = erythromycin, EER = extracts/erythromycin. 

 
 
 
positive species of S. pneumoniae and S. aureus both 
showed lower MIC for hexane than methanol extract. The 
gram negative species of N. gonorrhea, S. typhi, P. 
aureiginosa and P. vulgaricus had lower MIC for 
methanol extract as compared with the hexane extract. 
For all the test organisms, the water extract had the 
highest MIC when compared with all the other extracts. 

Table 3 shows the effects of the standard antibiotics 
erythromycin and bacitracin on the test organisms 
separately as well as their effect when combined with the 
extract. It also shows the effect of the extract alone on 
the test organisms. From the table, it is observed that the 
zone of inhibition of the extract alone was less than either 
bacitracin or erythromycin alone in the case of N. 
gonorrhea, S. typhi, P.euruginosa, P. vulgaricus, and S. 
pneumoniae. However, from the bacteria group both B. 
subtillis and S. aureus had slightly higher zone of 
inhibition in the extract alone than both bacitracin and 
erythromycin alone. 

Among the fungi species used, A. niger showed a 
higher MIC when bacitracin or erythromycin is applied 
alone. However, the other three fungal species of A. 
tamari, C. albicans and F. oxysporium showed slightly 
lower MIC for the extract alone as compared with either 
bacitracin or erythromycin alone. 

The situation, however, is consistent when the 
synergistic effect of the combination of the extract with 
either bacitracin or erythromycin is considered. In all 
cases, the combination showed a higher zone of 
inhibition than any of them when applied separately. 
 
 
DISCUSSION  
 
All the extracts were acidic (pH 4.40 - 5.70) with the 
water extract showing the highest acidity. The acidity of 

the extract alone could have contributed to the overall 
antibiotic properties of the plants. This is because 
bacteria have been known to be generally sensitive to 
acidic environment. 

The fungi species demonstrated higher sensitivity to 
the extract than the bacterial species. This is a welcome 
development because most antibiotics are active against 
bacteria than fungi. The study indicates the potential of 
the leaf extracts of P. amarus as an antimicrobial agent. 

Specifically, the most sensitive organism of all the test 
organisms is F. oxysporium which demonstrated the 
lowest MIC for all the extract types used as well as the 
lowest MIC for hexane extract as compared with all the 
other extracts. The result is consistent with that of 
Ogunlesi et al. (2009) who tested the oil extracts of the 
leaf and seeds of P. amarus for antimicrobial activity. 
However, the results obtained by them indicated that 
there was no activity against P. aeruginosa. The result 
obtained in this study indicated that P. aeruginosa is 
sensitive to the crude hexane extracts used. The 
difference may be explained by the fact that the active 
ingredients to which P. aeruginosa was sensitive might 
have been presented in the crude extract used but not in 
the oil extract used previously. This may suggest the 
preference of the crude extract for further analysis as 
compared to the oil extract alone. 

The gram negative and gram positive species used did 
not show any significant difference in their susceptibility 
to the extract. This suggests the use of P. amarus extract 
as a broad-spectrum antibiotic herb for most common 
human infections. 

It is suggested that for all purposes the hexane extract 
should be used when testing the efficacy of the plant 
because it extracted more of the classes of 
phytoconstituents than the water and acetone extracts. 
The phytoconstituents are bioactive and they  are  known 
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to be bactericidal, pesticidal or fungicidal in nature (El-
astal et al., 2005; Senjobi et al., 2011). 

Most of the test organisms used in this study are 
associated with various human and animal infections. P. 
vulgaricus causes wound infections and urinary tract 
infections (Parekh, 2007). Similarly, E. coli is a chief 
cause of septicemia (Black, 1996). 

The extract when combined with either bacitracin or 
erythromycin showed synergistic effect than when any of 
them was used alone. This shows the potential of the leaf 
extract with other standard antibiotics for either 
increasing their potency or making them broader. 
Furthermore the fact that the plant is abundant and grows 
extensively as a weed makes it cheap to access and 
therefore less expensive than the classical antibiotics. 
Since there has been no reported case of side effect, it is 
believed that the plant can be used by the local populace 
pending the outcome of further studies on the toxicity of 
the plant extract. 
 
 
Conclusion 
 
The leaf extract of P. amarus in this study showed a 
broad-spectrum activity against gram negative and gram 
positive bacteria as well as fungal species. This could be 
probably due to the phytoconstituents identified from the 
extract. The results also confirm the use of the plant in 
traditional medicine. It is suggested that the extract 
should be purified, concentrated and individually tested 
so as to identify the specific bioactive element(s) 
responsible for the antimicrobial activity. 
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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. 
 
Key words: Brown seaweeds, norepinephrine, psychostimulant activity, anxiety. 

 
 
INTRODUCTION  
 
Anxiety, depression and mood disturbance are 
widespread psychiatric disorders that are being treated 
with medicines of the natural closet from time immemorial 

(Kessler et al., 2005). A study comprising interviews of  
2055 people suffering from psychological disorders, 
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 
β-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 × 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 29×26×2 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 × 26 × 26 cm), with a door (12 × 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 chromatography-electrochemical 
detection (HPLC-ECD) 
 

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 µ 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. 

 
 
 

 
  

 

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 



 
 
 
 
 
 

 
 

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 α1 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 α1 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 hypermotility 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 α2 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. 
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