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ABSTRACT 
The present study investigates the zoo-chemical profiling, anti-inflammatory, and radical 

scavenging activities of Luffariella herdmani marine sponge extract. The sponge crude extract 

(SCE) was prepared by methanol/dichloromethane extraction, followed by rotary evaporation. 

The percentage yield was calculated, and the zoo-chemicals were investigated by standard 

methods, while anti-inflammatory activity was tested by protein denaturation assay. Radical 

scavenging activity of the SCE was tested against 2, 2-diphenyl-1-picrylhydrazy (DPPH), 

nitric oxide (NO) and peroxide radicals, while in vivo toxicity was evaluated by the Artemia 

salina lethality assay. The results indicated the presence of terpenoids, alkaloids, 

anthraquinones, unsaturated sterols, sterols, and saponins in the SCE while flavanoids, 

quinones, tannins, and phenols were absent. In vitro anti-inflammatory activity against 

protein denaturation with IC50 of 58.54 µg/ml was evidenced while radical scavenging activity 

was not reported. The SCE was toxic to A. salina larvae with LC50 of 14.34 µg/ml. In 

conclusion, L. herdmani sponge extract possesses in vitro anti-inflammatory, in vivo toxic 

properties, yet radical scavenging activity was absent. The presence of terpenoids, alkaloids, 

anthraquinones, unsaturated sterols, sterols, and saponins with reported anti-inflammatory 

properties is suggestive of the use of L. herdmani sponge extract as an anti-inflammatory drug 

lead.  

 

 

 

 

 

 

 

 INTRODUCTION 

Marine drug discovery has gained much attention in the past few decades, resulting a 

vast array of bioactive compounds with therapeutic potential [1]. Sponges (Phylum 

Porifera) are particularly amongst the most abundant and ancient donors of novel 

natural products with unique biological properties, which can be used as drug 

candidates [2]. As a result, novel drug leads with antibacterial, antiviral, antifungal, 

antimalarial, antitumor, immunosuppressive properties, as well as cardiovascular and 

anticancer activities are reported from marine sponges [3].  

The production of bioactive compounds by marine sponges is quite fascinating. Being 

the oldest metazoan, sponges are exclusively aquatic animals that dominate many 

benthic habitats [4]. Each individual contributes on average 3–5 chemical compounds, 

regardless of their order [5], as a result of their evolutionary adaptations to repel 

predators, parasites, microbial pathogens, biofouling, and overgrowth by other sessile 

organisms [5]. These compounds are toxic at very high concentrations, yet display 

numerous biological activities at low concentrations, enabling scientists to utilize them 

as potential drugs.  

Sponges of the genus Luffariella are rich sources of bioactive metabolites [5], most 

commonly cytotoxic compounds. For example, luffariolides A-E and neomanoalides 

with potent cytotoxicity against murine lymphoma L1210 cells were reported from 

Luffariella sp. [6]. Further, L. variabilis has shown cytotoxicity against murine and 

human cell lines in various instances, as they contained manoalide, variabines A and 
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furanosesterterpenoides [7, 8, 9, 10]. Some Luffariella sp. with luffariolides H and J are 

reported with cytotoxicity against murine lymphoma L1210 and Epidermoid carcinoma 

KB cells while indicating antimicrobial activity against Staphylococcus aureus, Bacillus 

subtilis and Mycrococcus luteus [11]. However, a large number of Luffariella sp. still 

remain understudied, creating a knowledge gap. 

L. herdmani was originally reported from Sri Lankan waters in 1905 by Dendy [12], yet 

its distribution around the Sri Lankan coast was not clearly documented elsewhere. As 

a result of the long slumber of 115 years since its discovery, this species was not 

investigated for its taxonomy or related bioactive properties. However, this species was 

reported in two regions of the South Arabian coast during the 1933-1934 John Murray 

expedition [13] and recently from Kadmat Island, Agatti Island and Kavaratti Island in 

west coast of India [14].  

Despite the availability of plethora of synthetic as well as natural drugs, inflammation 

still remains as a global health dilemma, resulting social and economic burden to many 

nations [15]. The inflammatory response is a defense mechanism that allows infections, 

damaged cells, toxic substances, irradiation, and other harmful conditions to be 

removed from the body while allowing injured cells to repair [16]. A large number of 

humoral and cellular mediators known as anti-inflammatory agents, in which if 

disrupted, leads to inflammatory diseases [17]. Non -steroidal anti-inflammatory drugs 

(NSAIDs), suppress the symptoms associated with the inflammation. However, most of 

these drugs are associated with adverse side effects such as gastric ulceration [15]. 

Other than NSAIDs, glucocorticoids too, are used in the treatment of inflammation [18] 

to inhibit leukocyte function. The importance of novel therapeutic entities which can 

successfully constrain inflammation by both these mechanisms is equally important. As 

such, the drug discovery with novel mechanisms for the successful management of 

inflammation is emphasized.  

Despite the large number of sponges derived-bioactive compounds discovered to-date, 

only handful have been successfully developed into commercially viable drugs. One of 

the major reasons for this delay may be the ethical issues of using live animals in the 

early stages of drug discovery pipeline [19]. The use of higher animals such as rodents, 

as a model regardless of their innate tendencies, is now being highly criticized [19]. 

Most of the in vivo experiment procedures to evaluate anti-inflammatory activities of 

extracts; carrageenan induced paw edema, cotton pellet induced granuloma and 

leukocyte migration cause pain and discomfort to model organisms, thus affect the end 

result of the experiment.  These are extremely time consuming and require technical 

skills such as anesthetics and surgical procedures [20]. Further, the repetition of the 

experiments is not possible in most of the circumstances. Therefore, alternative 

methods in drug screening are highly recommended. Alternative in vitro 

methods/models which are simple, low cost, repeatable, and easy to perform are being 

developed to be employed in the early phases of the drug development process. 

Marine sponge extracts are usually endorsed with inherent cytotoxic properties. The 

evaluation of the toxicity prior assessing any other bioactivity is thus highly 

recommended. The lethality assay on Artemia salina is rapid and requires minimal 

resources, thus widely accepted as a convenient animal model to test toxicity [46]. 

Being one of the world’s richest biological hotspots, Sri Lanka abundantly harbours a 

plethora of diverse marine sponge fauna, yet scarcely explored with respect to their 

biodiversity, bioactivities and zoo-chemical constituents. A few bioactivities of Sri 

Lankan marine sponge extracts were reported such as immunomodulatory activity [1, 

21] but a vast number is still remained overlooked creating research gap.  
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The order Dictyoceratida is considered as the highest producer of bioactive compounds 

among all Poriferan orders, which is responsible for more than 20% of all discovered 

bioactive compounds [5]. To date, no reports are available in Sri Lanka on 

Dictyoceratida sponges and their bioactive properties. We anticipate that the present 

study will serve as a model in the discovery for new anti-inflammatory drug lead from 

L. herdmani marine sponge species. The study will further provide some baseline data 

with respect to the L. herdmani marine sponge extract with radical scavenging activity 

and toxicity while identifying it zoo-chemical profile, which may be responsible for 

these bioactivities. 

 

MATERIALS AND METHODS 

Chemicals 

Ferric chloride, sodium dihydrogen orthophosphate, potassium hydroxide, sodium 

chloride, sodium hydroxide, sodium monohydrogen orthophosphate, and sodium 

nitroprusside were obtained from Research-lab fine chem industries (Mumbai, India); 

sulfuric acid, absolute ethanol, hydrochloric acid, mercuric chloride, and glacial acetic 

acid were obtained from Breckland scientific suppliers (Norfolk, UK); and 

dichloromethane 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and Griess from Sigma 

Chemical Company Ltd. (Aldrich, USA). The standard anti-inflammatory drug, 

dichlofenac sodium (Voltaren® 50, Switzerland) and the standard drug, ascorbic acid 

for radical scavenging activities were obtained from Glorchem Enterprise, Colombo, Sri 

Lanka. The sponge crude extract (SCE) was obtained by vacuum rotary evaporation 

(BUCHI TYPE, India), and the absorbances were measured using a UV visible 

spectrophotometer (Jenway 6305, UK) and a micro plate reader (s/n MR05405, USA). 

 

Collection, identification and preparation of the sponge crude extract (SCE) 

The sponge material (500 g approximately) was collected from Unawatuna, Sri Lanka (6° 

00ʹ 13.3ʺ N, 80° 14ʹ 46.9ʺ E), 1-1.5 km offshore via commercial scuba diving at a depth of 

9-20 m (Department of Wildlife, Sri Lanka, permission number: WL/3/2/64/17). The 

specimen was carefully observed for external morphology, ectosome and choanosme 

structure, internal fiber arrangement and identified as L. herdmani [22, 23]. The 

identification was further confirmed by Dr. Marco Bertolino of Department of Earth, 

Environment and Life (DISTAV), University of Genova, Italy. A type specimen 

(Specimen No. 23/12/19/001) was deposited at the museum of the Department of 

Zoology, Faculty of Applied Sciences, and University of Sri Jayewardenepura. To 

prepare the SCE, sponge material was weighed, diced and incubated in a mixture of 

methanol/dichloromethane (1:1 v/v) for 72 hours. The resulted extract was filtered 

through Grade 1 filter paper, followed by rotary evaporation (BUCHI TYPE, India) at 

40 °C [21]. Once the solvents are completely evaporated, the percentage yield was 

calculated, by dividing the weight of the SCE by the wet weight.  

 

Qualitative zoo-chemical analysis 

Exactly, 20 mg of SCE was dissolved in 10 ml of 5% (v/v) ethanol to obtain ethanolic 

SCE, which was used for zoo-chemical analysis [24]. 
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Test for alkaloids  

Approximately 1 ml of ethanolic SCE was mixed with a few drops of 50% HCl and a 

few milliliters of Mayer’s reagent and observed for the formation of a yellow-coloured 

precipitate. 

 

Test for anthraquinones 

Approximately 1 ml of ethanolic SCE was mixed with a few drops of 10% KOH (v/v). 

After agitation, the solution was observed for a red colour appearance. 

 

Test for flavonoids 

Approximately 2 ml of ethanolic SCE was mixed with 2 ml of Conc. HCl and a few 

small, cleaned magnesium stripes were added. The solution was observed for an 

orange to red colour appearance.  

 

Test for quinones 

For approximately 1 ml of ethanolic SCE, 10% (v/v) NaOH was added and observed for 

a yellow, red or purple colour appearance.  

 

Test for saponins 

Approximately 1 ml of ethanolic extract SCE was placed in a glass vial and shaken 

vigorously. The solution was observed for the formation and persistence of the froth for 

more than 10 minutes.  

 

Test for sterols 

Approximately 1 ml of acetic anhydride and 1 ml of Conc. H2SO4 were added into 1 ml 

of ethanolic SCE successively and observed for a colour change from red brown to 

purplish-brown.  

 

Test for tannins 

Approximately 1 ml of ethanolic SCE was mixed with a few drops of 1% (v/v) FeCl3 and 

observed for a blue black colour appearance which characterizes the presence of gallic 

tannins and a greenish brown colour appearance, which characterizes the presence of 

tannins.  

 

Test for terpenoids 

Approximately 1 ml of ethanolic SCE was mixed with 2 ml of Conc. H2SO4 and heated 

in a water bath at 40 0C for 2 minutes. The solution was observed for a brown to red 

colour appearance.  
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Test for unsaturated sterols 

A few drops of Conc. H2SO4 were added drop wise along the wall into 1 ml of ethanolic 

SCE and observed for the formation of a red colour ring at the interface.  

 

Test for phenols 

Approximately 3 drops of 10% (v/v) FeCl3 were added to 3 ml of ethanolic SCE and 

observed for the appearance of a blue-violet or greenish colouration. 

 

Evaluation of in vitro anti-inflammatory activity 

Effect of SCE on inhibition of protein denaturation 

The anti-inflammatory activity of SCE was evaluated by egg albumin denaturation 

assay, followed the previously described method with minor modifications [25]. Briefly, 

5 ml reaction mixture containing 2 ml of different concentrations of SCE (100, 50, 25, 

12.5, and 6.25 µg/ml) or standard drug diclofenac sodium (2500, 1250, 625, 312.5, and 

156.25 µg/ml), 2.8 ml of phosphate buffered saline (PBS) (pH 6.4) and 0.2 ml of egg 

albumin (from fresh hen’s egg) was incubated at 27+2 °C for 15 minutes. Followed by 

incubation, the reaction mixture was further incubated at 70 °C in a water bath for 5 

minutes to induce the protein denaturation.  

After cooling the reaction mixtures to room temperature, the absorbance was measured 

at 660 nm, by UV visible spectrophotometer (Jenway 6305, UK) using PBS as a blank 

and 5% ethanol as the negative control. The test was triplicated and the percentage of 

inhibition of protein denaturation was calculated as follows. 

Percentage inhibition of protein = [(Ac - As)/ Ac] ×100 

Where Ac = absorbance of control, and As = absorbance of sample. 

The IC50 values were calculated using the graph generated by Excel 2013.  

 

Evaluation of radical scavenging activity  

Effect of SCE on 2, 2-diphenyl-1-picryl-hydrazil (DPPH) scavenging activity 

A reaction mixture of 100 µl of DPPH solution (125 µM in ethanol) with 100 µl of 

different concentrations of SCE (400, 200, 100, 50, 25, 12.5 and 6.25 µg/ml) or standard 

ascorbic acid (500, 250, 125, 62.5 and 31.25 µg/ml) was incubated for 30 minutes at room 

temperature and the absorbance was measured at 517 nm using a microplate reader 

(s/n MR05405, USA). The test was triplicated, and the percentage inhibition was 

calculated as below [26]. 

Percentage inhibition of DPPH = [(Ac - As)/ Ac] ×100 

Where Ac = absorbance of control, and As = absorbance of sample. 

The IC50 values were calculated using the graph generated by Excel 2013. 

 

Effect of SCE on Nitric oxide (NO) scavenging activity 

Accurately, 30 µl of a serial diluted SCE (400, 200, 100, 50, 25, 12.5 and 6.25 µg/ml) or 

Ascorbic acid (500, 250, 125, 62.5 and 31.25 µg/ml) and 30 µl of 10 mM sodium 

nitroprusside in PBS (pH 7.4) were added into a 96 well plate. The plate was incubated 
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at room temperature for 150 minutes. After incubation, an equal volume of Griess 

reagent was added to each well in order to measure nitrite content.  

After chromophore was formed at room temperature in 10 minutes, the absorbance at 

546 nm was measured in a microplate reader. The test was triplicated, and the 

percentage inhibition was calculated as below [27]. 

Percentage inhibition of NO = [(Ac - As)/ Ac] ×100 

Where Ac = absorbance of control, and As = absorbance of sample. 

The IC50 values were calculated using the graph generated by Excel 2013.  

 

Effect of SCE on hydrogen peroxide scavenging activity 

Approximately, 150 µl of 4 mM hydrogen peroxide in PBS (pH 7.4) and 850 µl of 

various concentrations of SCE (400, 200, 100, 50, 25, 12.5 and 6.25 µg/ml) or ascorbic 

acid (500, 250, 125, 62.5 and 31.25 µg/ml) were mixed, followed by 10 minutes 

incubation period. The absorbance was measured at 230 nm. 5% ethanol was taken as 

the negative control. The percentage inhibition was calculated as below [28]. 

Percentage inhibition of hydrogen peroxide = [(Ac - As)/ Ac] ×100 

Where Ac = absorbance of control, and As = absorbance of sample. 

The IC50 values were calculated using the graph generated by Excel 2013. The test was 

triplicated. 

 

Assessment of in vivo toxicity  

Effect of SCE on Artemia salina nauplii lethality 

A. salina cysts were allowed to hatch in sterile artificial seawater (after incubation for 24 

hours under illumination) at 27±2°C temperature. Ten nauplii were delivered to each 5 

ml crude extract at different concentrations (25, 20, 15, 12.5, 6.25 µg/ml). The test was 

done in triplicates. The positive control was 10% (v/v) Dimethyl sulfoxide (DMSO) 

while the negative control was 5% (v/v) ethanol.  

The number of the dead and alive nauplii was observed under a compound microscope 

after 24 hours. The percent mortality of the brine shrimp’s larvae in each SCE 

concentration and the LC50 value of SCE were calculated using the graph generated by 

Excel 2013 [29].  

Percentage mortality of A. salina nauplii = (N0-N1/N0) ×100  

Where, N0= the total number of nauplii taken; N1= the number of nauplii alive   

 

Statistical analysis  

Results represented as the mean ± SEM (standard error mean). The intergroup 

comparison was performed using the Minitab (version 17.1.0) through one sample t-test. 

Pearson’s product – moment correlation was run to assess the nature and magnitude of 

the relationship between given variables. P-value (<0.05) was considered statistically 

significant. The LC50 and IC50 values of the crude extract and drug control were 

calculated from the dose response curves using Excel 2013. 
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RESULTS 

Percentage yield and qualitative zoo-chemical analysis of SCE 

The extraction resulted a yield of 4.10% of SCE. The qualitative zoo-chemical analysis 

revealed the presence of secondary metabolites; terpenoids, saponins, anthraquinones, 

sterols, unsaturated sterols, and alkaloids. However, flavonoids, quinones, tannins, and 

phenols were absent (Table 1). 

Table 1. Results of qualitative zoo-chemical analysis of the SCE. 

Zoo-chemical SCE 

Alkaloids + 

Anthraquinones + 

Flavonoids - 

Saponins ++ 

Quinones - 

Sterols + 

Unsaturated sterols + 

Tannins - 

Phenols - 

Terpenoids +++ 

Tested zoo-chemical present in considerable amount/positive within 5 minutes (+++); present in moderate 

amount/positive within 5-10 minutes (++); present in trace amount/ positive within 10-15 minutes (+) and 

completely absent (-). 

 

Effect of SCE on in vitro protein denaturation  

The inhibitory effect on thermally induced egg albumin denaturation by different 

concentrations of the standard drug diclofenac sodium and SCE are given in Figure 1. 

The inhibitory effect increased with increasing concentration in both diclofenac sodium 

and SCE and had strong positive linear relationships with concentration (Pearson, r = 

0.973, p = 0.005 and r = 0.985, p = 0.002, respectively). The IC50 values of diclofenac 

sodium and SCE for inhibiting 50% of egg albumin denaturation were 45.47 µg/ml  and 

58.54 µg/ml, respectively. According to IC50 values, diclofenac sodium required lower 

concentration to inhibit 50% of egg albumin denaturation than SCE. Further, the SCE 

reported a strong percentage inhibition at 100 µg/ml (70.42%), which was lower than 

the percentage inhibition of the standard drug at 1250 µg/ml (71.98%). 

 

Effect of SCE on DPPH radical scavenging activity 

The radical scavenging activity of standard drug ascorbic acid and SCE against DPPH 

free radicals is given in Figure 2. The DPPH scavenging activity was increased with 

increasing concentration of ascorbic acid with a strong positive linear relationship 

(Pearson, r = 0.888, p = 0.044), yet decreased with increasing concentration of SCE which 

had a strong negative linear relationship (Pearson, r = -0.915, p = 0.004). The IC50 values 

of ascorbic acid and SCE were 47.82 µg/ml and -169.41 µg/ml, respectively. 
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Figure 1. Effect of different concentrations of (A) standard drug diclofenac sodium and (B) SCE on egg 

albumin denaturation (Pearson, r = 0.973, p = 0.005 and r = 0.985, p = 0.002, respectively). Data are presented 

as mean ± SEM (n=3). 

 

 

 

Figure 2. Effect of different concentrations of (A) standard drug ascorbic acid and (B) SCE on DPPH 

scavenging activity (Pearson, r = 0.888, p = 0.044, r = -0.915, p = 0.004, respectively). Data are presented as 

mean ± SEM (n=3). 

 

Effect of SCE on NO radical scavenging activity 

The NO scavenging activity of different concentrations of standard drug ascorbic acid 

and the SCE is shown in Figure 3. The NO scavenging activity of ascorbic acid was dose 

dependently increased with increasing concentration and had a strong positive linear 

relationship (Pearson, r = 0.898, p = 0.039). The NO scavenging activity of SCE 

decreased with increasing concentration and had a strong negative linear relationship 

(Pearson, r = -0.981, p = 0.000). The IC50 values of ascorbic acid and SCE were 115.77 

µg/ml and -288.38 µg/ml, respectively. 

 

Effect of SCE on Peroxide scavenging activity 

The hydrogen peroxide scavenging activity at various concentrations of standard drug 

ascorbic acid and SCE is given in Figure 4. The standard drug ascorbic acid showed 

increasing peroxide scavenging activity in a concentration-dependent manner and had 

a strong positive linear relationship (Pearson, r = 0.918, p = 0.028). The peroxide 
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scavenging activity decreased with increasing concentration in SCE and had a strong 

negative linear relationship (Pearson, r = -0.993, p = 0.000). IC50 values of ascorbic acid 

and SCE were 261.92 µg/ml and -9.52 µg/ml, respectively. 

 

 

Figure 3. Effect of different concentrations of (A) standard drug ascorbic acid and (B) SCE on NO scavenging 

activity (Pearson, r = 0.898, p = 0.039 and r = -0.981, p = 0.000, respectively). Data are presented as mean ± SEM 

(n=3). 

 

 

 

Figure 4. Effect of different concentrations of (A) standard drug ascorbic acid and (B) SCE on peroxide 

scavenging activity (Pearson, r = 0.918, p = 0.028 and r = -0.993, p = 0.000, respectively). Data are presented as 

mean ± SEM (n=3). 

 

Effect of SCE on the mortality of Artemia salina larvae 

Strong larvicidal activity was reported by the SCE with LC50 of 14.34 µg/ml (Figure 5). 

Hundred percent mortality was observed after 1 hour exposure of A. salina larvae to 25 

µg/ml concentration of SCE while no mortalities in positive control. The number of 

mortalities was significantly higher compared to negative control except in 6.25 µg/ml 

concentration (p = 0.423) of SCE. The number of mortalities was significantly low in 

lower concentrations (20, 15, 12.5 and 6.25 µg/ml) in SCE compared to positive control 

(1-sample t test, p < 0.05). The percentage mortalities of A. salina larvae in SCE increased 

with increasing concentration and had a strong positive linear relationship (Pearson, r = 

0.986, p = 0.002).  
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Figure 5. Correlation of percentage mortality of A. salina larvae after exposing to different concentrations of 

SCE (Pearson, r = 0.986, p = 0.002). Data are presented as mean ± SEM (n=3). 

 

DISCUSSION 

The attention to marine pharmacognosy has reached its spire during the past few 

decades, resulting in several hundred novel marine compounds in the clinical pipeline. 

Marine natural products have proven to be a rich source of bio-active compounds with 

therapeutic potential. In particular, marine sponges are considered the most important 

source of biologically active marine natural products that can be used for 

pharmacotherapeutic purposes [1].  Following the first compounds, Ara-C and Ara-A, 

isolated from the marine sponge Tethya crypta [30], various compounds have been 

isolated from marine sponges. As a result, wide array of therapeutic properties ranging 

from anti-infective activities such as antibacterial, antiviral, antifungal, antimalarial, 

anthelminthic to antitumor, anti-inflammatory, immunosuppressive activities are 

recorded from marine sponges worldwide. Due to the unique steriochemical structures 

of the carbon skeleton, these compounds are either toxic to pathogens or have the 

ability to interfere with the disease mechanism in the human body [31]. 

The genus Luffariella of  order Dictyoceratida is well renowned for the abundance of   

bioactive terpenoids and terpenes, particularly sestertepenes [32], which are 

responsible for wide range of bioactivities including cytotoxicity (luffariellolides [33, 6], 

(4E, 6E)-dehydro-25-O-methylmanoalide [9]), antibacterial activities (manoalide, 

secomanoalide, (E)-neomanoalide, (Z)-neomanoalide, luffarins [33]) and anti-

inflammatory activities such as PLA2 irreversible (manoalide [6, 34], luffariellin A [33]) 

and reversible (luffariellolides [33, 35], luffariellin B [33]) inhibitory activities. The 

dominancy of the terpenoids over other secondary metabolites is proven in Luffariella 

herdmani extract as well, highlighting that these metabolites may be responsible for the 

resulted bioactivities.  

The odyssey of sponge biochemistry is strongly coiled with their long evolutionary 

history. The emission of mucus containing toxins is used as a defense mechanism 

against predators, pathogens and epibiomes [5, 36]. Thus, investigating for potential 

toxicity is considered as a first-line assessment to be performed on any natural extract, 

prior screening for its bioactivities. Artemia salina toxicity bioassay is a simple, 

inexpensive, reproducible, short-term method of screening large number of extracts 

such as plant crude extracts [37, 38] and is an indicator of potential antitumor, 

insecticidal, and fungicidal activity [39, 40, 41]. It has also been used to guide the 

isolation of bioactive compounds, testing of water quality, and detection of fungal 

toxins [42].  
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The mode of action causing toxicity is unknown, but the results typically correlate with 

more specific bioactivity tests. In the present study the Artemia salina toxicity assay was 

successfully applied to investigate the toxicity of the L. herdmani crude extract. Further, 

the reported toxicity (LC50 = 14. 34 µg/ml) is relatively high compared to the toxicities 

reported within the same Poriferan genus, L. cf. variabilis lipid extract (LC50 = 50 µg/ml) 

[43] and other genera, Dactylospongia elegans hexane extract, Haliclona sp. 

dichloromethane extract (20-30 µg/ml) [44], Xestospongia testudinaria chloroform extract 

(39.81 µg/ml) [45] etc.  

The toxicity of natural extracts, especially plant extracts expressed as LC50 values is 

commonly validated either by comparison to Meyer’s or to Clarkson’s toxicity index 

[46]. According to Meyer’s toxicity index, extracts with LC50 < 1000 µg/ml are 

considered as toxic while Clarkson’s toxicity index classifies extracts with LC50 of 0 - 100 

µg/ml as highly toxic [46]. According to both toxicity indices, the L. herdmani crude 

extract has shown potent toxicity. Further, the cell cytotoxicity indicates the ability of 

certain compounds or mediator cells to damage or destroy replicating live cells. Thus, 

the assessing of cell cytotoxicity is critical for the development of therapeutic anti-

cancer drugs [47]. Further, the toxic compounds with IC50 value of ≤10 µM (or 4–5 

µg/ml) is considered as possible anti-cancer drug candidates suggestive of developing 

SCE as an anticancer drug lead in future [47]. 

Inflammation is mainly resulted by tissue damage and leads to atherosclerosis, fever 

and heart problems [48]. Protein denaturation is occurred in the inflamed tissue, 

resulting pain and swelling. This is observed in most of the inflammatory diseases such 

as rheumatoid arthritis. During protein denaturation, the secondary and tertiary 

structures of proteins are broken down causing the loss of function [25]. During 

inflammation, the heat increment and the production of auto antigens cause the 

denaturation of tissue proteins [25]. The series of physiological events takes place in an 

inflamed tissue results adverse effects such as excessive accumulation of fluid within 

the cells, cellular rupture, plasma leakage and free radical damage [49]. The excess 

amount of free radicals that accumulated within the cells stimulate NF-κB pathways to 

release pro inflammatory cytokines, which considered as a major reason for 

inflammatory damage. 

The NF-ҡB pathway is the major signaling pathway involved in regulation of genes 

that encode pro-inflammatory cytokines, chemokines, and inducible enzymes (e.g., 

COX2, iNOS). It also regulates cellular apoptosis [50]. The NF-κB family has five related 

transcription factors including p50, p52, RelA (p65), RelB, and c-Rel [51]. Upon 

stimulation by TNF, IL-1 etc., cytoplasmic NK-ҡB RelA–p50 heterodimers are released 

from IҡB and are transported to the nucleus, where they trigger selective gene 

expression [52]. This activation process is regulated by IκB kinase (IKK) [51]. 

Although an IC50 of 58.54 µg/ml was reported for protein denaturation assay during the 

present study, free radical scavenging effect was not reported by L. herdmani extract. 

Thus, the mechanism lying behind the anti-inflammatory activity, may be resulted by 

some other mechanisms, which has to be investigated by further inflammatory models. 

Anti-inflammatory activities of the genus Luffariella was well documented in previous 

studies as well. Both manoalide and seco-manoalide isolated from L. variabilis are 

irreversible inhibitors of the enzyme PLA2, which is a modulator of inflammatory 

process and manoalide is by far the best characterized PLA2 inhibitor from natural 

sources [36].  

Free radical mediated cell damage can be seen in many different diseases and currently, 

a number of sponge crude extracts have shown radical scavenging properties [53]. 
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Various types of radicals have been used in previous radical scavenging experiments, 

where DPPH, NO and peroxide radicals being the most common.  

Many extracts which proven for potent scavenging activities is due to the presence of 

phenolic compounds such as phenolic acids, flavonoids, tannins etc. [54, 55]. The 

antioxidant activities of phenolic compounds is mainly attributed to their redox 

properties, which allow them to act as reducing agents, hydrogen or electron donors. 

The absence of phenolic compounds in the SCE may be the reason the negative results 

reported for of antioxidant properties. 

Although the synergistic effect of the zoo-chemical constituents in the SCE cannot be 

disregarded, bioactivity guided fractionation of the SCE too, is equally important in 

drug discovery.  Therefore, a comprehensive chemical characterization aimed at 

structure elucidation, followed in vivo and ex vivo models are highly recommended.  

 

CONCLUSION 

The potential anti-inflammatory activity of L. herdmani were investigated for the first 

time in the present study. The presence of a considerable amount of terpenoids along 

with a moderate amount of saponins and trace amounts of anthraquinones, sterols and 

unsaturated sterols may be responsible for the resulted activity. These metabolites may 

individually or synergistically be attributed to the resulted anti-inflammatory activity. 

The potent cytotoxicity resulted by the SCE is suggestive to develop this important 

drug lead as an anticancer drug, followed by comprehensive experiments. Future 

studies are underway to investigate the anti-inflammatory activity using different in 

vitro /ex vivo models and bioactive guided fractionation, isolation, and characterization 

of active ingredients in the SCE.  
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