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ABSTRACT

Objective: This study was to determine the presence of biochemicals and prediction of bioactivities in the chloroform extract of Halymenia dilatata 
Zanardini (Red algae) collected from Mandapam, Tamil Nadu, India.

Methods: The active biological components in the chloroform extract of H. dilatata Zanardini were studied using gas chromatography mass 
spectroscopy (GC-MS), and the biological activities were predicted by prediction activity spectra for substances technique.

Results: The analysis revealed the two bioactive components such as N-Hexadecanoic acid (5.384%) and 1,2-Benzenedicarboxylic acid, Mono(2-
Ethylhexyl) Ester (94.616%). In 1,2-Benzenedicarboxylic acid, Mono(2-Ethylhexyl) Ester, 1933 biological activities were predicted. Among the 
biological activities, 74 were highly active and their Pa score is above 70%. In Pa>0.7, there a 15 different activities are predicated including antitumor 
(91.5%) followed by anti-inflammatory (89.7%), antimicrobial (84.7%), anti-inflammatory (74.5%), etc.

Conclusion: The present study provided the bioactive components present in the chloroform extract of H. dilatata Zanardini by GC-MS analysis and 
the prediction of biological studies by prediction of activity spectra for substances.
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INTRODUCTION

The marine ecosystem is the largest of earth’s aquatic ecosystems 
and is distinguished by waters that have a high salt content. For 80% 
of the world’s animal and plant species mostly depend on the marine 
ecosystem [1]. Nowadays, attention is on finding drugs from natural 
sources rather than the synthetic produced chemicals [2]. Marine algae 
becomes a most valuable and viable exposed material because the 
algal species posses different minerals, iodine, proteins, vitamins, fats, 
bromine, bioactive substances making them as a good source of good 
and medicine [3]. Marine algae are one of the valuable natural resources 
for producing varieties of bioactive secondary metabolites that have 
the potential to be used in the development of new pharmaceutical 
and industrial agents [4]. Algae have long been used in traditional 
medicine and also some algae have bactericidal, antifungal, antiviral, 
and antitumor activity; they have been extensively studied by several 
researchers [5].

Macro-algae are classified into three taxonomic groups depend on the 
pigmentation, green algae, red algae, and brown algae [6]. Red algae 
have developed long-  and short-term habitual strategies for survival 
under a variety of seasonal variation, involving changes in the thallus 
morphology, differences in chloroplast morphology and photosynthetic 
membrane composition and functionality at the molecular level (short-
term habitual strategies). The red algal genus Halymenia includes 63 
accepted species and infraspecific names among these most of the 
species are reported from cold temperature but the highest diversity 
from the warm climate and tropical regions [7,8]. The organic 
substances could be attained in both primary and secondary metabolic 
process; they also provide a source of medicine since the earliest time. 
Marine algae are one of the prevalent and auspicious sources of various 
bioactive secondary metabolites. Their revelation has intensified 
in the past few decades [9]. Numerous halogenated compounds 

have already been broadcast from red algal species [10]. Halymenia 
dilatata revealed some of the chemically active compounds that help 
for medicinal purposes and benefit the fishes in their growth and 
survival [11]. Therefore, the bioinformatics tool prediction of activity 
spectra for substances (PASS), one of the premising ways to predict the 
biological activity, has been selected to predict the bioactivities. PASS 
predictions are based on a structure activity relationship (SAR). More 
than 64 million PASS predictions for nearly 250,000 compounds were 
available on the web from open NCI database including more than 
4700 biologically active compounds [11]. The purpose of this study 
is to determine the phytochemicals present in the chloroform extract 
of H. dilatata Zanardini with the aid of gas chromatography mass 
spectroscopy (GC-MS) technique to predict the biological activity of the 
chemical compounds.

METHODS

Collection of sample
The red algal species, H. dilatata Zanardini were collected from 
Mandapam coastal line (Lat. 9° 16’ 48.00” N Longitude: 79° 07’ 12.00” 
E), Ramanathapuram district in the south east coast of Tamil Nadu, India. 
The collected algal species was authenticated and deposited in Xavier’s 
College Herbarium, Centre for Biodiversity and Biotechnology, St. 
Xavier’s College (Autonomous), Palayamkottai-627002, and the Voucher 
number (XCH20506) was also given for the red algal species. Samples 
were collected by hand picking during low wave and flushed with 
marine water to remove debris and epiphytes. The entire epiphytes were 
expelled using soft brush. In the laboratory, the samples are once again 
washed in freshwater and stored in refrigerator for further analysis [12].

Preparation of extract
The plant specimens were washed with distilled water and placed 
on blotting paper and spread out at room temperature in the shade 
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condition for drying. The shade dried samples were grounded to fine 
powder using a tissue blender. The fine powdered samples were then 
stored in the refrigerator for further analysis. 30 g of the fine powdered 
samples were packed in the Soxhlet apparatus and extracted with 
chloroform for 8 h separately [13].

GC-MS analysis
GC-MS analysis was performed on a Perkin Elmer Turbo Mass 
Spectrophotometer (Norwalk, CTO6859, and USA) using a Perkin 
Elmer Auto sampler XLGC. The column used was Perkin Elmer Elite - 5 
capillary column measuring 30 m × 0.25 mm with a film thickness of 
0.25 mm composed of 95% Dimethyl polysiloxane. Helium was used as 
a carrier gas at a flow rate of 1.0 ml/min. 1 µl sample injection volume 
was utilized. The equipment was fixed to an initial temperature of 60°C 
and continuously maintained at this temperature for 2 min, and at the 
final time period the oven temperature was raised up to 300°C, at the 
rate of an increase of 10°C/min and maintained for 6 min. Injection port 
was maintained as 250°C in temperature. Total run time was 90 min. 
Mass spectra was evaluated using electron impact ionization at 70 eV 
with ion source temperature of 240°C, and the interface temperature 
was maintained at 240°C and the data were analyzed using total ion 
count to identify the compound and quantification. The scanning range 
was 50–600 mass units. The chemical constituents were identified by 
GC-MS.

Interpretation of mass spectrum of GC-MS was conducted using the 
database of the National Institute Standard and Technology (NIST) 
having more than 62,000 patterns. The spectrum of the components was 
compared to the database of the spectrum of the known components 
stored in the NIST library. Measurement and data processing of peak 
areas were carried out by Turbo-Mass OCPTVS-Demo SPL software. The 
Biological activities of the particular compound are exploited by using 
online PASS software [14].

Biological activity
Prediction of the biological activity based on structural formula of a 
chemical compound to reveal novel biological activities of selected 
compounds, its mechanism and related side effects using software. The 
biological activity spectra of those phytoconstituents were evaluated 
by PASS version (version  9.1, http://195.178.207.233/PASS). PASS 
software product attains more than 64 million predictions of over 500 
different biological activities. Several research reports are available 
about this approach to predicting the various functional of natural 
products [15]. Biological activities based on structural formula of 
a chemical compound predict the (i) Pa (probability “to be active”) 
evaluates the possibility that the predicted compound belongs to the 
category of active compounds. (ii) Pi (probability “to be inactive”) 
evaluates the possibility that the predicted compound belongs to the 
category of inactive compounds [16]. Being probabilities, the Pa and 
Pi esteems fluctuate from 0.000 to 1.000 and its addition is not equal 
to zero that is Pa+Pi≠1, since these probabilities are determined 
independently. The PASS prediction were deciphered and utilized in an 
adaptable way. (i) only activities with Pa>Pi are considered as workable 

for a specific compound; (ii) if Pa>0.7, the opportunity to find the 
activity experimentally is high; (iii) if 0.5<Pa<0.7, the chance to discover 
the action tentatively is less, however the compound is probably not so 
similar to known drug specialists; (iv) if Pa<0.5, the chance to find the 
activity experimentally is less, yet the chance to find a structurally new 
compound, that is, new chemical entries is more [17].

RESULTS AND DISCUSSION

GC-MS analysis
GC-MS analysis of H. dilatata Zanardini shows the two major peaks 
which show the presence two compounds in chloroform extract (Fig. 1). 
The expecting compounds in chloroform extracts were N-Hexadecanoic 
acid (5.384%) and 1,2-Benzenedicarboxylic acid, Mono(2-Ethylhexyl) 
Ester (94.616%). The spectrum profile of GC-MS confirmed the 
presence of two components with retention time (RT) 20.565 and 
22.326. The identified compounds with their RT, molecular formula, 
molecular weight (MW), percentage composition, and structure are 
presented in Table 1.

The chemical nature of the identified compounds were found to be 
from the Palmitic acid, Phthalic acid ester and reported to possess 
antimicrobial, antioxidant, nematicide, pesticide, antiandrogenic, and 
antifouling (Table  2). The antifouling, antibacterial and antifungal 
property of palmitic acid were also identified and reported [18,19]. The 
antitumor, anti-inflammatory, antimicrobial properties, antileukemic, 
and antimutagenic properties of phthalic acid were also identified and 
reported [20,21].

Prediction of biological activity spectra and effects
The identifying compounds in chloroform extracts from GC-MS analysis 
were N-Hexadecanoic acid (5.384%) and 1,2-Benzenedicarboxylic acid, 
Mono(2-Ethylhexyl) Ester (94.616%). 1,2-Benzenedicarboxylic acid, 
Mono(2-Ethylhexyl) Ester occupies 94.616 percentage of area, were 
analyzed for biological activity by PASS software. In Pa>0.7, there a 
74 different activities are predicated (Table 3). All the 74 activities are 
fall in the four categories are mechanism of action, metabolic terms, 
pharmacotherapeutic effects, and adverse and toxic effects. There are 
62 different types of mechanism of action including sugar-phosphatase 
inhibitor, lipid metabolism regulator, nitrate reductase (cytochrome) 
inhibitor, and urethanase inhibitor. Two types of metabolic terms 
including CYP2J substrate and CYP2J2 substrate, two types of Adverse 
and toxic effects including eye irritation and skin irritation and 8 
types of pharmacotherapeutic effects including cholesterol antagonist, 
phobic disorders treatment, antiseborrheic, fibrinolytic, antieczematic, 
sclerosant antihypercholesterolemic, and macrophage colony 
stimulating factor agonist (Table 4).

DISCUSSION

Two different compounds namely hexadecanoic acid (5.384%) and 
1,2-benzenedicarboxylic acid, mono(2-ethylhexyl) Ester (94.616%) 
were isolated using GC-MS analysis. 1,2-Benzenedicarboxylic acid, 
Mono(2-Ethylhexyl) Ester occupies 94.616% of area, reveals 74 

Table 1: Active compounds identified in the chloroform extract of H. dilatata Zanardini

Name of the compound RT PA % MW MF Structure
N‑Hexadecanoic acid 20.565 5.384 256 C16H32O2

1,2‑Benzenedicarboxylic acid, Mono (2‑Ethylhexyl) Ester 22.326 94.616 278 C16H22O4

RT: Retention time, PA%: Peak area%, MW: Molecular weight, MF: Molecular formula, H. dilatata: Halymenia dilatata
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activities using PASS software. All the 74 activities are fall in the four 
categories including pharmacotherapeutic effects. Antitumor activity 
is one of the pharmacotherapeutic effects can predicted from the 
targetable compound. Hexadecanoic acid is a saturated fatty acid found 
in the human body and can be provided in the diet or synthesized 
endogenously from other fatty acids, carbohydrates and amino acids. It 
represents 20–30% of total fatty acids in membrane phospholipids and 
adipose triacylglycerols. On average, a 70 kg man is made up of 3.5 kg 

of Hexadecanoic acid. The tight homeostatic control of hexadecanoic 
acid tissue concentration is likely related to its fundamental 
physiological role in several biological functions. Particularly in infants, 
hexadecanoic acid seems to play a crucial role as recently thoroughly 
revised by Innis [22]. The disruption of hexadecanoic acid homeostatic 
balance, implicated in different physiopathological conditions such 
as atherosclerosis, neurodegenerative diseases and cancer, is often 
related to an uncontrolled hexadecanoic acid endogenous biosynthesis, 
irrespective of its dietary contribution. 1,2-benzenedicarboxylic acid, 
mono(2-ethylhexyl) Ester can be used as a precursor to synthesize 
dioctyl phthalate, a widely used plasticizer, via esterification reaction 
with 2-ethylhexanol. Both animal and human epidemiologic data 
support the hypothesis that phthalates lead to reductions in thyroid 
hormone levels [23]. Several studies have also shown a positive 
association between urinary phthalates and serum thyroid-stimulating 
hormone, although the overall strength of this association is weaker 
than that between urinary phthalates and serum thyroid hormone 
levels. As with resorcinol, phthalates are among the many chemicals 
found to be present at higher levels in drinking water consumed in 
areas with higher goiter prevalence [24].

In Pa>0.7, there a 15 different activities are predicated including 
antitumor (91.5%) followed by anti-inflammatory (89.7%), 
antimicrobial (84.7%), anti-inflammatory (74.5%), etc. Prediction 
of biological activity with the PASS software, keeping the compound 

Table 2: Chemical nature and biological activity of 
phyto‑components identified in the chloroform extract of 

H. dilatata Zanardini

Name of the compound Chemical 
nature

Biological activity

N‑Hexadecanoic acid Palmitic 
acid

Antifouling, antibacterial 
and antifungal

1,2‑Benzenedicarboxylic 
acid, Mono (2‑Ethylhexyl) 
Ester

Phthalic 
acid ester

Antitumor, anti‑inflammatory, 
antimicrobial properties, 
antileukemic and 
antimutagenic

H. dilatata: Halymenia dilatata

Table 3: The number of biological activities of 
1,2‑benzenedicarboxylic acid, mono (2‑ethylhexyl) Ester 

predicted by the PASS in the chloroform extract of H. dilatata 
Zanardini

Biological spectra 
(categories)

Number of 
activities

Examples

Mechanism of Action 62 Sugar‑phosphatase 
inhibitor, Lipid metabolism 
regulator, Nitrate reductase 
(cytochrome) inhibitor, 
Urethanase inhibitor etc

Metabolic terms 2 CYP2J substrate and CYP2J2 
substrate

Pharmacotherapeutic 
effects

8 Antitumor, 
anti‑inflammatory, 
antimicrobial, antileukemic 
and antimutagenic, 
Cholesterol antagonist, 
phobic disorders treatment, 
antihypercholesterolemic, 
macrophage colony 
stimulating factor agonist

Adverse and toxic effects 2 Eye irritation and Skin 
irritation

PASS: Prediction of activity spectra for substances, H. dilatata: Halymenia 
dilatata

Table 4: Prediction activity spectra for 1,2‑benzenedicarboxylic 
acid, mono (2‑ethylhexyl) ester by PASS system

Structure Active, 
Pa

Inactive 
Pi

Activity Spectra

1,2‑Benzenedicarboxylic 
acid, Mono 
(2‑Ethylhexyl) Ester

0.915 0.005 Antitumor, 
Antineoplastic

0.897 0.005 anti‑inflammatory, 
Antieczematic

0.847 0.005 Antimicrobial, 
Apoptosis agonist

0.792 0.003 Transcription factor 
stimulant

0.792 0.003 antileukemic 
0.799 0.021 antimutagenic
0.763 0.005 Antineoplastic (lung 

cancer)
0.760 0.004 MMP9 expression 

inhibitor
0.745 0.011 Anti‑inflammatory
0.734 0.005 Antipsoriatic
0.734 0.006 Dermatologic
0.722 0.002 NF‑E2‑related factor 2 

stimulant
0.709 0.011 Phosphatase inhibitor
0.746 0.048 CYP2C12 substrate

Fig. 1: Gas chromatography mass spectroscopy chromatogram of the chloroform extract of Halymenia dilatata Zanardini
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identified from the GC-MS analysis. The structure and specific activity 
of the compound also can be predicted. In the PASS software system, 
the prediction of the biological spectra of the new compounds is based 
on the SAR (based on SAR) and the training set contains 117332 known 
biological active substances (drugs, pharmacological probes, leads and 
toxic compounds). The activity spectrum is arranged in descending 
order. In the spectrum of biological activity, the most probable is 
ranked at the first and the less probable is ranked at the lowest. The 
Pa and Pi esteems fluctuate from 0.000 to 1.000. For biological review, 
Pa>0.7 to find the activity experimentally is high. Even though there is a 
computational method, based on the two dimensional structure of the 
molecule PASS is not being able to give an accurate prediction and does 
not calculate the molecular energy levels. For further confirmation of 
the activity, it is necessary to confirm with further in vitro and in vivo 
studies.

CONCLUSION

In the present study, the active biological components in the chloroform 
extract of H. dilatata Zanardini were studied using GC-MS analysis and 
the biological activities were predicted by PASS technique. The analysis 
revealed two bioactive components such as N-Hexadecanoic acid 
(5.384%) and 1,2-Benzenedicarboxylic acid, Mono(2-Ethylhexyl) Ester 
(94.616%). In 1,2-Benzenedicarboxylic acid, Mono(2-Ethylhexyl) Ester, 
1933 biological activities were predicted. Among the biological activities, 
74 were highly active and their Pa score is above 70%. In Pa>0.7, there 
a 15 different activities are predicated including antitumor (91.5%) 
followed by anti-inflammatory (89.7%), antimicrobial (84.7%), anti-
inflammatory (74.5%), etc. The present study has been provided the 
bioactive components present in the chloroform extract of H. dilatata 
Zanardini by GC-MS analysis and the prediction of biological studies by 
PASS. Future strategies are required to validate these predictions.
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