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ABSTRACT

Objective: Determination of biological activities of marine algae collected from the Visakhapatnam coastal region.

Methods: Antibacterial activity of algal extracts determined by the well diffusion method, antioxidant activity was determined by reducing power 
(RP) method and 1, 1-diphenyl-2-picryl-hydrazil (DPPH) radical scavenging method finally anti-inflammatory activity was determined by human red 
blood cell stabilization method and egg albumin method.

Results: Methanolic extracts of three algae have potential inhibition activity against Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa, and 
Staphylococcus aureus. Green alga Enteromorpha compressa has better antioxidant activity compared to the Gracilaria arcuata and Ulva fasciata when 
tested in RP and DPPH method. U. fasciata found good anti-inflammatory activity among the selected three algae.

Conclusion: The three tested algae exhibited significant antibacterial and antioxidant activity compared to anti-inflammatory activity. These bioactive 
compounds containing macroalgae may find their commercial potential in medicine, food, and cosmetic industry.

Keywords: Visakhapatnam coast, Anti-inflammatory, Antioxidant, Antibacterial, 1, 1-diphenyl-2-picryl-hydrazil, Egg albumin.

INTRODUCTION

Marine algae are the good and the alternative source with many 
pharmacological and biological activities to provide health benefits 
to the public. Macroalgae are the most important group to derive 
nutraceuticals, which may be used in the treatment of chronic diseases 
such as gastric ulcer, rheumatoid arthritis, cancer, hypertension, and 
asthma. The antioxidant activity of macroalgae has been proposed to 
play roles in various pharmacological activities, especially for anti-
aging and anti-inflammatory effects [1].

Marine macroalgae are gaining importance in present days because of 
their vast applications in medicine with antimicrobial [2], antiviral [3], 
anti-allergic [4], anticoagulant [5], anticancer [6], antifouling [7], and 
antioxidant activities [8]. Metabolites of macroalgae have been used in 
pharmaceutical industries - alginates and carrageenan as gelling agents, 
carotene, chlorophyll as pigments and glycerol as a solvent [9,10].

Intertidal areas are more favorable for seaweed growth in the Indian 
waters. Macroalgae availability is more wherever the rocks and corals 
distribution is high. The substrata provide good support for attachment 
of algae for proper utilization of sunlight for photosynthesis and to 
absorb nutrients from water resources [11].

Macroalgae are the alternative source which provides several bioactive 
components used in the treatment of different diseases and disorders. 
Hence, in the present investigation to study the biological activities 
such as antibacterial, antioxidant, and anti-inflammatory activity three 
marine macroalgae were collected from Tenneti Park and Yarada beach, 
Visakhapatnam region in the month of January 2017.

METHODS

Collection of marine algae
For screening of biological activity of marine algae, the study area 
considered was the coast around Visakhapatnam, Andhra Pradesh. 

Visakhapatnam is the large commercial and industrial area, and it is 
located on the Coromandel Coast of Bay of Bengal. Live and healthy 
marine algae were collected from the coast of Yarada and Tenneti park 
in sterile and spacious bottles containing half of the amount of seawater. 
Immediately these algal samples were sent to Botany Department of 
Andhra University for their identification. Three algae were identified 
as Enteromorpha compressa, Gracilaria arcuata, and U. fasciata by 
Dr.  G.  Mohan Narasimha Rao, Professor of Botany Department, and 
Andhra University, to whom the authors are very indebted.

Preparation of extracts
The samples were cleaned several times with water to remove 
sand, mud, and attached fauna and then dried in room temperature 
(28°C-30°C, low humidity) for 3 weeks. The dried algae materials were 
homogenized to a fine powder and extracted using 3 times of its weight 
with methanol and 4  times of its weight with chloroform for 72  hrs 
at room temperature and mixed at regular intervals. After 72 hrs the 
sample dissolved in each solvent was filtered using Whatman filter 
paper to separate the filtrate. The filtrate was concentrated by rotary 
evaporation at 45-50°C and kept at 4°C until further use.

Determination of biological activities of algal extracts
Antibacterial activity
Pure cultures of Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus aureus, and Bacillus subtilis were used as test organisms 
for checking the antibacterial activity.

Antibacterial activity was assayed using diffusion method of making 
wells. 20 mL of the sterilized media was inoculated with 18 hrs culture 
of test organism at 40°C and poured into a sterilized Petri dish and 
allowed to solidify at room temperature. Similarly, inoculation and 
pouring were done separately for each test microorganism on the NA 
plates and left for a few minutes to allow complete solidification of the 
media. In each of these plates, 5 mm diameter wells were made at the 
center using an appropriate size sterilized cork borer. Different algal 
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extracts (1000 µg/mL) were added to the respective wells on the NA 
plates and allowed to diffuse at room temperature for 30  minutes. 
Only the solvents were added as a control to check their effect on test 
organisms. Then, these plates were kept in incubation at 37°C for 24 hrs. 
After incubation, a clear zone was observed around the well, which was 
the evidence of the presence of antibacterial active compounds in the 
algal extracts. The diameters of the zone of inhibition were measured 
in millimeters (including the diameter of the well). Algae extracts are 
further used for determination of antioxidant and anti-inflammatory 
activities.

Determination of antioxidant activity
Reducing power method (RP)
An increase in the absorbance of this method indicates an increase in 
the antioxidant activity of the algal extract. In this method, antioxidant 
compound forms a colored complex with potassium ferricyanide, 
trichloroacetic acid and ferric chloride, which is measured at 700 nm. 
Increase in absorbance of the reaction mixture indicates the RP of the 
samples [12]. In the method described by Oyaizu [13] 2.5 mL of 0.2 M 
phosphate buffer (pH  6.6) and 2.5  mL of K3Fe (CN)6 (1%  w/v) are 
added to 1.0 mL (1000 µg) of sample dissolved in distilled water. The 
resulting mixture is incubated at 50°C for 20 minutes, followed by the 
addition of 2.5 mL of trichloroacetic acid (10% w/v). The upper layer 
of the solution (2.5 mL) is collected by centrifugation at 3000 rpm for 
10  minutes, mixed with distilled water (2.5 mL) and 0.5  mL of FeCl3 
(0.1%, w/v). Against a blank sample, the absorbance of the reaction 
mixture was measured at 700  nm. Algae extract showing significant 
RP activity was used for determination of antioxidant activity by the 1, 
1-diphenyl-2-picryl-hydrazil (DPPH) radical scavenging method.

DPPH radical scavenging method
The free radical scavenging activity of algal extracts showing highest 
RP activity was determined by the method of Zhang et  al. [14] using 
DPPH. DPPH 0.1 mM concentration was prepared in ethanol. This 
solution (1 mL) was added to 3 mL of different compounds in methanol 
at different concentration (200, 100, 50, 25, and 12.5  µg/ml). All the 
contents were shaken vigorously and kept for incubation at room 
temperature for 30 minutes. The color change was measured at 517 nm 
using a spectrophotometer. Ascorbic acid was used as reference 
standard sample, and the experiment was done for 3 times. The lower 
absorbance of the reaction mixture indicated higher free radical 
activity. The percent DPPH scavenging effect was calculated using the 
following equation.

DPPH scavenging effect (%) or percent inhibition = A0-A1/A0×100

Where A0 was the absorbance of control reaction and A1 was the 
absorbance in the presence of test or standard sample.

Determination of anti-inflammatory activity
Human red blood cell (HRBC) stabilization method
The HRBC membrane stabilization method was used to study the in 
vitro anti-inflammatory activity of algae extract. Blood was collected 
from six healthy human volunteers. It was mixed with the same volume 
of sterilized alsever solution containing 2% dextrose, 0.8% sodium 
citrate, 0.5% citric acid, and 0.42% sodium chloride in water. The blood 
was then centrifuged at 3000  rpm for 20  minutes, and packed cells 
were separated. The packed cells were washed with isosaline (0.85%, 
pH  7.2) and a 10%  v/v suspension was made with isosaline. This 
HRBC suspension was used for the estimation of anti-inflammatory 
property. 1 ml of different algal extracts and diclofenac sodium were 
separately mixed with 1mL of phosphate buffer (0.15 M, pH  7.4), 
2  mL of hypo saline (0.36%), and 0.5  mL of HRBC suspension. 2  mL 
distilled water was used as the control instead of hyposaline. All the 
assay mixture was incubated at 37°C for 30 minutes and centrifuged at 
3000 rpm for 20 minutes. The supernatant liquid was decanted, and the 
hemoglobin content in the supernatant solution was estimated using 
spectrophotometer at 560 nm [15].

The percentage hemolysis was calculated using the following formula:

% Hemolysis = OD of test/OD of control ×100

The following formula was used for calculation of the percentage of 
HRBC membrane stabilization or protection:

% Protection = 100 -OD of test/OD of control ×100

Egg albumin method
The reaction mixture was prepared by adding 0.2 mL of egg albumin, 
which was collected from fresh hen’s egg, 2.5 mL of phosphate buffered 
saline (PBS, pH 6.4), and 2 mL of algal extract (containing 1000 µg/mL). 
Double-distilled water served as control. Then, the mixtures were 
incubated at (37±2)°C in a BOD incubator (Elite Company) for 15 minutes 
and then heated at 70°C for 5 minutes. After cooling, their absorbance 
was measured at 660 nm using ultraviolet-visible spectrophotometer 
using the vehicle as blank. 78.125, 156.25, 312.5, 625, and 1000 µg/mL 
concentration of diclofenac sodium was used as reference drug and 
treated similarly for determination of absorbance [16]. The following 
formula was used for calculation of percentage inhibition of protein 
denaturation:

% inhibition = 100× (Vt/Vc-1)

Where, Vt = Absorbance of test sample, Vc = Absorbance of control.

RESULTS AND DISCUSSION

Collection and processing of algae
Three marine algae samples were collected (Figs. 1-3) and processed 
to get extracts. These extracts were used for the determination of 
biological activities.

Determination of biological activities
Antibacterial activity
The increase of microbial resistance to the most commonly used 
antibiotics isolated from different microorganisms led to testing many 
other natural resources like algae as an alternative; therefore, it has 
become an essential to do more screening on some available seaweeds 
that have a wide distribution on the sea coast. Inhibition zone produced 
by different algal extracts in well diffusion method was measured and 
tabulated in Table 1 and shown in Figs. 4 and 5.

From Table  1 methanolic extracts of three marine algae showing 
better antibacterial activity against E. coli, B. subtilis, P. aeruginosa, 
and S. aureus compared to chloroform extracts and control. G. arcuata 
showing good antibacterial activity against E. coli, B. subtilis, and 
P.  aeruginosa except on S. aureus. The methanol extract of seaweeds 

Fig. 1: Enteromorpha compressa
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exhibits antimicrobial activity because of the phenolic, alkaloid, and 
amino acid content [17-19]. Methanolic extract of U. fasciata isolated 
from Visakhapatnam coast has been tested for antibacterial activity 
against some oral bacteria [20].

Determination of antioxidant activity
RP method (RP)
From Table  2 and Fig.  6, observed that the methanolic extract of 
E. compressa showing significant RP activity. Different concentrations 
of methanolic extract of E. compressa antioxidant property were further 
determined by DPPH free radical scavenging activity. The reducing 
capacity of a compound is a measure of potential antioxidant activity. 
For the estimation of the reduced ability, we investigated the Fe3+ to 
Fe2+ transformation using the method of Oyaizu, where the change in 
the optical density of the final mixture is measured at 700 nm. Increase 

in optical density indicates a higher reductive ability [21]. Methanolic 
extract of Hypnea musciformis red algae isolated from the Rameswaram 
area reported good significant activity [22]. The reducing capability of 
the methanolic extract of E. compressa was more significant than the 
remaining algal extracts.

DPPH radical scavenging activity
The radical scavenging activity of different concentrations of 
methanolic extract of E. compressa was tested by its ability to decolorize 
the stable DPPH radical. The principle involved in the present method 
is the reduction of the alcoholic DPPH solution in the presence of a 
hydrogen donating antioxidant (AH) due to the formation of nonradical 
form DPPH – H by the reaction DPPH+AH→DPPH –H +A. The remaining 

Fig. 2: Ulva fasciata

Fig. 3: Gracilaria arcuata

Fig. 4: Antibacterial activity of algae extracts against 
Escherichia coli

Fig. 5: Antibacterial activity of algae extracts against 
Bacillus subtilis

Table 1: Antibacterial activity of algal extracts against selected test organisms

Marine algae E. coli (IZD in mm) S. aureus (IZD in mm) B. subtilis (IZD in mm) P. aeruginosa (IZD in mm)

M C M C M C M C
E. compressa 25 12 19 ‑ 24 ‑ 12 ‑
U. fasciata 22 14 18 ‑ 17 ‑ 17 ‑
G. arcuata 25 18 ‑ ‑ 20 ‑ 15 ‑
Control 14 12 ‑ ‑ ‑ 17 14 ‑
M: Methanol, C: Chloroform, ‑: No activity, IZD: Inhibition zone diameter, E. compressa: Enteromorpha compressa, U. fasciata: Ulva fasciata, G. arcuata: Gracilaria arcuata, 
E. coli: Escherichia coli, S. aureus: Staphylococcus aureus, B. subtilis: Bacillus subtilis, P. aeruginosa: Pseudomonas aeruginosa
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DPPH measured after a certain time corresponds inversely to the radical 
scavenging activity of the antioxidant. The sensitivity of the method 
is determined by the strong absorption of DPPH [23]. Methanolic 
extract of E. compressa showed a very good antiradical activity in 
scavenging DPPH radical with a maximum inhibition of about 30.86% 
at a concentration of 200  µg/mL. Results for the ascorbic acid and 
sample were tabulated in Table 3 and showed in Figs. 7-9. The standard 
ascorbic acid showed 86% inhibition at 200  µg/mL concentration 
and 33.8% inhibition at 12.5  µg/mL concentration. Whereas the test 
sample showed 30.86% inhibition at 200  µg/mL concentration and 
3.35% inhibition at 12.5 µg/mL concentration. Antioxidant activity of 

U. lactuca and E. intestinalis determined using DPPH radical scavenging 
method collected from Adriatic coast of Montenegro [24]. Ethyl acetate 
extracts of E. compressa isolated from Abu Qir bay at Alexandria 
(Mediterranean Sea) reported 36% of the marked antioxidant activity 
compared to the remaining extracts [25].

Determination of anti-inflammatory activity
HRBC stabilization method
Hypotonicity induced HRBC membrane lysis was inhibited by increased 
stabilization of HRBC due to the addition of algal extracts having anti-
inflammatory activity. The percentage of membrane stabilization was 
measured for methanolic, chloroform extracts of algae and diclofenac 
sodium at 50, 100, 250, 500, and 1000  µg/mL concentrations. 
Methanolic extract of U. fasciata is effective in inhibiting the heat-
induced hemolysis of human RBC at concentration 1000  µg/mL as 
shown in Table  4 and showed the maximum inhibition 90.19% for 
diclofenac sodium and 36% for U. fasciata. The membrane hemolysis 
is decreased and membrane stabilization, increased by increasing the 
concentration of active compounds. Hence anti-inflammatory activity 
of the extract was concentration dependent. Erythrocyte membrane 
is almost comparable with that of the lysosomal membrane as the 
stabilization of erythrocyte membrane implies that the extract may 
also well stabilize lysosomal membranes so, for estimation of anti-
inflammatory activity in in vitro HRBC method was selected. Release 
of lysosomal constituents is inhibited from activated neutrophils by 
the stabilization of lysosomal membrane which prevents inflammation. 

Fig. 6: Reducing power of algal extracts

Fig. 7: 1, 1-diphenyl-2-picryl-hydrazil radical scavenging activity 
of Enteromorpha compressa

Fig. 8: 1, 1-diphenyl-2-picryl-hydrazil showing purple color before 
incubation

Fig. 9: Decolorization of 1, 1-diphenyl-2-picryl-hydrazil after 
incubation

Table 2: Absorbance values for RP method

Name of the algae (dose 1000 µg/mL) Absorbance (700 nm)
E. compressa 1.098±0.24
U. fasciata 0.466±0.19
G. arcuata 0.879±0.16
Ascorbic acid 1.176±0.24
E. compressa: Enteromorpha compressa, U. fasciata: Ulva fasciata, 
G. arcuata: Gracilaria arcuata

Table 3: Percentage of inhibition of samples at different 
concentrations

Concentration (µg/ml) Inhibition percentages

Ascorbic acid Sample‑1
200 86.62±0.04 30.86±0.14
100 72.12±0.09 26.02±0.09
50 59.48±0.19 17.47±0.09
25 48.7±0.13 8.92±0.13
12.5 33.83±0.05 3.35±0.11
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The results of the present investigation suggest that the methanolic 
extract of the U. fasciata exhibiting good anti-inflammatory activity 
by providing HRBC membrane stabilization when compared to the 
chloroform extracts of the other marine algae.

Egg albumin method
Denaturation of tissue proteins is one of the main causes of inflammation 
and arthritic diseases. Production of autoantigens in certain arthritic 
diseases may be due to denaturation of proteins in vivo [26]. Bioactive 
compounds that can prevent protein denaturation, therefore, would 
be beneficial for the development of anti-inflammatory drugs. When 
compared to the control, there were increments in absorbance of test 
samples indicated the stabilization of protein or inhibition of heat-
induced protein (albumin) denaturation by algae extracts and reference 
drug diclofenac sodium [27]. Methanol extracts of Undaria pinnatifida 
and Ulva linza reported better inflammatory activity [28]. Therefore, 
from the results (Table 5) of the present study, it can be concluded that 
U. fasciata possessed marked in vitro anti-inflammatory effect against 
the denaturation of the protein.

CONCLUSION

Tested algal extracts have a certain level of antibacterial, antioxidant, 
and anti-inflammatory activity. Methanolic extracts of algae have 
remarkable activity compared to chloroform algal extracts. Based 
on the above results the selected macroalgae are the good source 
of bioactive compounds. These bioactive compounds containing 
macroalgae may find their commercial potential in medicine, food, and 
cosmetic industry. Further definitive studies are necessary to ascertain 
the mechanisms and constituents behind its antibacterial, antioxidant, 
and anti-inflammatory actions.
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