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Abstract: Marine molluscs from the family Muricidae hold great potential for development 

as a source of therapeutically useful compounds. Traditionally known for the production of 

the ancient dye Tyrian purple, these molluscs also form the basis of some rare traditional 

medicines that have been used for thousands of years. Whilst these traditional and alternative 

medicines have not been chemically analysed or tested for efficacy in controlled clinical 

trials, a significant amount of independent research has documented the biological activity 

of extracts and compounds from these snails. In particular, Muricidae produce a suite of 

brominated indoles with anti-inflammatory, anti-cancer and steroidogenic activity, as well 
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as choline esters with muscle-relaxing and pain relieving properties. These compounds could 

explain some of the traditional uses in wound healing, stomach pain and menstrual problems. 

However, the principle source of bioactive compounds is from the hypobranchial gland, 

whilst the shell and operculum are the main source used in most traditional remedies.  

Thus further research is required to understand this discrepancy and to optimise a quality 

controlled natural medicine from Muricidae. 

Keywords: ethnomedicine; marine natural products; whelk; indoles; choline esters 

 

1. Introduction 

Although most natural medicines are derived from plants, marine invertebrate phyla, including the 

Mollusca, are of increasing interest as a source of novel bioactive compounds [1–6]. Marine molluscs 

are currently used for a range of therapeutic applications, with purified or synthesised bioactive 

compounds developed as pharmaceuticals and crude or semi-purified extracts as nutraceuticals [4,7,8]. 

A number of marine molluscs are also used in traditional Chinese, Indian, South African and Middle 

Eastern medicines [3,9–15], as well as in homeopathic remedies [16]. Molluscs used directly as a food 

source may also contribute to the prevention of disease by providing essential nutrients, as well as 

immuno-stimulatory compounds and other secondary metabolites with direct biological activity [3]. 

The nutraceutical and functional food industry is currently growing in popularity throughout the 

world, as an alternative to the pharmaceutical industry [17,18]. However, there is a general lack of 

scientific data regarding the mechanisms of action of such “complementary and alternative medicines” 

(CAMs) [19]. Consumers are often under the impression that they must be safe for human consumption 

simply because they are from a natural source [20]. In most CAMs derived from marine molluscs, the 

active ingredients are currently unknown and the products have not been tested for efficacy or safety in 

clinical trials. More information on the toxicology, pharmacology and pharmacokinetics of marine 

molluscs currently used in CAMs would be highly beneficial. In some cases, independent research on 

the natural products chemistry and bioactivity of source species may be available. This then provides an 

opportunity to establish whether the current medicinal uses can be refuted, substantiated, and/or possibly 

improved on. 

This paper reviews the bioactive properties of extracts and secondary metabolites from the Muricidae 

family of marine gastropods. Muricidae, commonly known as murex or rock whelks, have a long history 

of pharmacological use, being listed in the Materia Medica by Dioscorides in 1st Century AD, reported 

by Arabic scholars in 9th Century, and sold in medieval Jewish pharmacies from 11th–14th Century  

AD [13,21]. A number of Muricidae species are also used in traditional chinese medicine (TCM) [22,23], 

which has been in use for over 3500 years. The purple secretion from muricids also forms the basis of a 

homeopathic remedy that has been in clinical use for over 150 years [16,24]. These Muricidae medicines 

are used to treat a wide variety of disorders, with some re-occurring themes including treatment of 

menstrual problems, wounds, ulcers and pain relief. However, at least to our knowledge, there are no 

scientifically rigorous studies testing the efficacy or safety of these CAMs. On the other hand, a 

substantial body of independent research has been undertaken on the bioactive secondary metabolites 



Mar. Drugs 2015, 13 5239 

 

 

and haemocyanins from certain Muricidae species [25,26] and some of these compounds may contribute 

to the traditional medicinal applications. Here we provide an in depth review of the bioactivity associated 

with muricid natural products, then outline the current biomedical applications of muricid CAMs and 

provide an assessment of whether the current CAM applications are potentially substantiated by the 

presence of pharmacological compounds. This review provides insight into some of the limitations in 

associating CAMs with bioactive compounds from the source species and highlights the potential for 

future development of a new scientifically-based nutraceutical from Muricidae molluscs. 

2. Traditional Muricidae Bioresources 

The Muricidae family of marine Mollusca comprises a diverse group of predatory snails, with over 

2000 species found across all continents [27]. This cosmopolitan family of marine molluscs is 

commercially fished for high protein meat throughout Asia, Europe, Central and South America [28–31]. 

Many species are highly regarded for their ornate shells (e.g., Figure 1a–d) and operculum (Figure 1i), 

which is used as an ingredient in incense and some ancient homemade medicines [21,32,33]. They are 

also highly valued for their purple secretions (Figure 1e,j, Figure 2a), which contain the well-known 

ancient dye Tyrian Purple [25,34–37]. 

 

Figure 1. Examples of Muricidae resources: Shell diversity (a) Chicoreus ramosus (Linnaeus, 

1758); (b) Chicoreus virgineus (Röding, 1798); (c) Dicathais orbita (Gmelin, 1791);  

(d) Murex pecten (Lightfoot, 1786); Harvested Murex (e) on sale at a seafood market in 

Vietnam, and (f) processed for the seashell industry in India; Tyrian purple in the egg 

capsules of (g) D. orbita and (h) Phycothais reticulata (Quoy and Gaimard, 1833);  

(i) Operculum from D. orbita; (j) Tyrian purple; (k) indole, indirubin and isatin pigments; 

(l) Murex homeopathic remedy. 
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Figure 2. Muricidae chemistry (a) showing the proposed formation of Tyrian purple from 

tryptophan in the hypobranchial glands; (b) indoxyl prochromogens; (c) choline esters;  

(d) bromoimidazoles and (e) bromoquinolines and quinoxoline. 

A basic awareness of the chemical properties of Muricidae dates back to ancient times [38,39].  

The Neolithic Cretans (5000 BC), the Minoans (1600 BC) and ancient Phoenicians and Canaanites, are 

all thought to have discovered the art of crushing the shells of Muricidae to produce a vibrant purple dye 

for colouring cloth [38,40,41]. Evidence for a particularly large Muricidae industry is found near Tyre 

in Lebanon, where there are mounds of broken purple shells [36,40,42]. Numerous civilizations 

subsequently adopted the ancient industry of purple dye extraction from Muricidae, including the  

pre-industrial inhabitants of Britain and Norway, people of the West Indies and the Japanese [34,39,41] 

as well as in Central America, where is it still used by artisans in Mexico and Peru [35,37,43].  

More recently, Muricidae have been rediscovered as the original source of tekhelet, an elusive sky blue 

dye mentioned throughout the Hebrew bible Tanakh [44]. The historical importance of these molluscan 

purple and blue dyes has attracted ongoing interest in the chemistry of Muricidae secretions [25,34,37,45]. 

Historically the Muricidae whelks were probably fished for food, in addition to their use as a dye 

source. Hutchinson (1962) found evidence that the Neolithic Cretans and the Minoans not only used the 

purple dye for colouring textiles, but also consumed species such as Bolinus (Murex) brandaris and 
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Hexaplex trunculus. The ancient Chinese also exploited Muricidae as a source of purple dye and research 

has indicated that the Chinese cooked and consumed these snails as part of their diet [40]. The opercula 

(Figure 1b), used as ingredients in perfume by ancient Mediterranean and Middle Eastern cultures [32,46] 

may have originally been obtained as a by-product from the fishing and dye industry. The excavation of 

Bronze Age cargo (dated back to 1300 BC) from the Uluburun shipwreck off the coast of Turkey 

recovered thousands of Muricidae opercula, thus indicating the development of a significant trade in 

these unusual muricid resources [47]. From, the eight century onwards, opercula were also exported 

from Badi near the Red Sea in Sudan [33]. Today whelks from the family Muricidae are still fished all 

over the world as a food source and/or shell resource, but are less commonly used as a source of purple 

dye due to the availability of cheap synthetic dyes. 

3. Muricidae Chemistry 

3.1. Brominated Indoles and Related Compounds 

In the early part of the twentieth century, chemical analysis confirmed the structure of the main 

pigment of Tyrian purple as 6,6′-dibromoindigo (7, Figure 2a) [48]. This uniquely marine metabolite is 

the brominated derivative of the blue dye indigo, which is also produced by plants in the genus Isatis 

and a range of bacteria [49,50]. Tyrian purple is thought to be synthesised from dietary-derived 

tryptophan (1, Figure 2a) in the hypobranchial glands of Muricidae [25,51]. Baker and Sutherland (1968) 

isolated the ultimate precursor to Tyrian purple from the hypobranchial glands of the Australian muricid 

Dicathais orbita and identified this as a salt of tyrindoxyl sulfate (2, Figure 2a). Four prochromogens 

including brominated and nonbrominated indoxyl sulfates (Figure 2b) have been identified in other 

Muricidae [52], and these generate a mixture of purple (6,6 dibromoindigo) and blue pigments, including 

indigo and monobromoindigo [34]. Baker and Duke (1973) subsequently isolated the intermediate 

precursors tyrindoxyl and tyrindoleninone (6-bromo-2-methylthio-3H-indol-3-one, 5, Figure 2a), which 

dimerise to produce tyriverdin (6, Figure 2a Christophersen et al. 1978), which is photolytically cleaved 

to produce 6,6′ dibromoindigo (7, Figure 2a). A range of nonbrominated indole intermediary precursors 

have also been identified from the Muricidae extracts [53–56], as well as oxidative artefacts, including 

yellow isatins (4, Figure 2a) and red indirubins (Figure 1k) [34,45,57]. 

Whilst the final dye pigments of Tyrian purple are not actually found in the live adult molluscs, 

chemical studies on the spawn of Muricidae have revealed the presence of Tyrian purple in egg capsules 

that are hatched or close to hatching (Figure 1g,h) [58–60]. The intermediate brominated indole precursors 

are found in the reproductive organs [61] and egg capsules at earlier stages of embryonic development, 

suggesting a form of chemical ripening [58]. Over 20 biologically active indole derivatives [62], as well 

as brominated imidazoles (Figure 2d) [63], brominated quinolines, quinoxalines (Figure 2e) and several 

unidentified brominated compounds [25], have been identified from the egg masses of various Muricidae 

species. Studies on the hypobranchial gland and milked glandular extracts of three Plicopurpura spp, 

from Mexico have also revealed seventeen unidentified brominated compounds [37]. Further adding to 

the chemical diversity in the Muricidae, 6 bromo hydroxyindoles [64] and indolequinones [65] have 

been isolated from the mid gut of Drupella fragum. Indole derivatives are known to have a broad range 

of pharmacological activities [66,67]. 
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The indole precursors of Tyrian purple can be extracted from the hypobranchial glands, reproductive 

organs and egg masses using a range of organic solvents, including ethanol, chloroform, dichloromethane, 

dimethyl formamide (DMF) and dimethylsulfoxide (DMSO) [34,58,61,62]. However, as the intermediate 

precursors are unstable in oxygen and sunlight, they need to be purified under dark, inert atmospheric 

conditions (e.g., nitrogen gas). The colourful indole compounds can be separated away from other 

lipophilic compounds (e.g., fatty acids and sterols) on the basis of their polarity [25] using silica 

chromatography [58,68,69]. More recently, the intermediate brominated indole precursors have been 

effectively recovered using CO2 supercritical fluid extraction, with partial separation achieved by 

altering the CO2 pressure [70]. The dimeric pigments, such as 6,6′ dibromoindigo, are much more 

difficult to extract from the molluscan tissue, being insoluble in most solvents, but can be partially 

recovered by heating in DMSO or DMF [34,61]. The organic extract composition of these Muricidae 

extracts can be effectively analysed using high performance liquid chromatography (HPLC) or gas 

chromatography (GC) couple with mass spectrometry (MS) [35,58,61]. Mass spectrometry imaging 

(MSI) has also been used to investigate the in situ distribution of Tyrian purple and precursors in the 

mollusc tissue [71,72]. These methods will be particularly useful for future biodistribution and 

pharmacokinetic studies on the bioactive indoles from preclinical in vivo animal trials. 

3.2. Choline Esters 

In addition to the indole derivatives, several bioactive choline esters (Figure 2c) have been isolated 

from polar extracts of the hypobranchial glands of Muricidae molluscs [25,73,74]. In 1976, Baker and 

Duke discovered the relationship between the choline esters and indoles in the Muricidae by 

demonstrating that tyrindoxyl sulfate is stored as a choline ester salt [54] and must be hydrolysed by an 

arylsulfatase enzyme to generate Tyrian purple [57]. These relatively polar choline esters can be easily 

separated from the lipophylic indoles at the initial extraction phase using polar vs. organic solvents or 

supercritical fluid [70,72]. 

The most extensively studied choline ester found in the hypobranchial glands of many Muricidae and 

other neogastropod species, is murexine (3, Figure 2a), otherwise known as urocanylcholine or β 

imidazolyl-4(5)acrylcholine [74]. After the discovery of murexine [75], a number of other choline esters 

were detected in muricid hypobranchial glands, including dihydromurexine, N-methylmurexine, 

senecioylcholine and the isomer tigloylcholine [74,76,77]. Detection of muricid choline esters mainly 

involves thin layer chromatography (TLC), with some additional structural elucidation using mass 

spectrometry and nuclear magnetic resonance [54,72,74,76–78]. These choline esters have drug-like 

properties suitable for oral delivery [25] and have been tested in a number of preclinical and clinical 

trials for muscle relaxation and toxicity [74]. 

4. Bioactivity of Muricidae Extracts and Compounds 

4.1. Antimicrobial and Antiviral Activity 

Extracts from a number of Muricidae species have been tested for antimicrobial activity against a 

range of human and marine pathogens, as well as marine bacteria isolated from biofilms (Table 1). 

Ramasamy and Murugan (2005) undertook a major screening project with a wide range of molluscan 
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extracts against 40 biofilm-forming bacteria isolated from Indian marine substrates. Included in this 

screening program were whole body extracts from eight Muricidae species, as well as egg mass extracts 

from four species, digestive gland extracts from two and the operculum from one Muricidae (Table 1). 

With the exception of digestive gland extracts, all showed inhibitory activity against some of the marine 

bacterial isolates in at least one of the solvent fractions [79]. The egg mass extracts were the most 

effective, inhibiting all 40 of the test bacteria (Table 1). The nonpolar solvent extracts used in this study 

are likely to contain significant amounts of fatty acids and sterol that could contribute to the observed 

bioactivity. In particular, the whole body extracts from a number of Muricidae appear to be dominated 

by polyunsaturated fatty acids [80,81], with known antibacterial activity. Conversely, no antibacterial 

activity was found in a mixture of saturated fatty acids and sterol modelled on the lipid extract 

composition from the egg mass of several Muricidae species [82]. Benkendorff et al., used semi-purified 

chloroform extracts that concentrated the intermediate Tyrian purple precursors (4–6) from the egg 

masses of six Muricidae species (Table 1) in a screening program [83] and examined their ability to 

inhibit the growth of human pathogenic Gram positive (Staphylococcus aureus) and two Gram negative 

bacteria (Escherichia coli and Pseudomonas aeruginosa). In all cases, mild inhibitory activity was 

observed in the chloroform extracts (1–10 mg/mL), whereas no activity was observed in the polar 

methanol/water fraction (>50 mg/mL) that was dominated by tyrindoxy sulfate (2) [83,84]. Several egg 

mass extracts were also tested against the yeast Candida albicans, with similar results [84]. 

Table 1. Antimicrobial and antiviral activity of extracts and compounds isolated from 

Muricidae. Antibacterial activity tested against human pathogenic bacteria (Staphylococcus 

aureus, Escherichia coli, Pseudomonas aeruginosa), aquatic pathogenic bacteria (Vibrio 

anguillarum, Vibrio harveyi, Vibrio alginolyticus, Enterococcus sericolicida) or marine 

biofilm bacteria (panel of 40 isolated strains); Antifungal activity against the yeast Candida 

albicans and antiviral activity against Herpes simplex virus HSV-1. 

Source species 1 Source Tissue 
Extract or 

Compound 
Activity Profile 

Dicathais orbita 

[58,83,84] 
egg mass 

CHCl3 
Inhibits Gram +ve and Gram -ve human and marine pathogenic 

bacteria and C. albicans in the range of 0.1–1 mg/mL 

Diethyl ether Inhibits Gram +ve and Gram -ve human pathogens at 10 mg/mL 

EtOH Inhibits Gram +ve and Gram -ve human pathogens at 0.1 mg/mL 

Tyriverdin 
Inhibits human Gram +ve and Gram -ve pathogens at 0.0005 mg/mL, 

active against C. albicans and marine pathogens at 0.001 mg/mL 

Tyrindoleninone
Inhibits human pathogens at 0.5–1 mg/mL, C. albicans and marine 

pathogens at 0.1 mg/mL 

6 Bromoisatin 

Inhibits Gram +ve and Gram -ve human pathogenic bacteria in the 

range of 0.1–1 mg/mL, but >1 mg/mL for C. albicans and marine 

pathogens 

Agnewia tritoniformis 

[83,84] 
egg mass CHCl3 Inhibits human pathogens at 10 mg/mL 

Bedeva paivae (Trophon 

hanleyi) [83,84] 
egg mass CHCl3 Inhibits human pathogens at 10 mg/mL 
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Table 1. Cont. 

Source species 1 Source Tissue 
Extract or 

Compound 
Activity Profile 

Ocenebra (Ceratostoma) 

erinaceus [63,84] 
egg mass 

CHCl3 Inhibits human pathogens at 1 mg/mL 

2,4,5-Tribromo-

1H-imidazole 
Inhibits human pathogens at 0.1 mg/mL 

Chicoreus ramosus [79] 

whole body MeOH Inhibited 58% of the marine biofilm bacteria tested 

digestive gland 
MeOH, H2O, 

DCM, Acetone
No activity against biofilm bacteria 

egg mass MeOH Inhibited 100% of the marine biofilm bacteria tested 

Chicoreus virgineus [79] 

whole body MeOH Inhibited 50% of the marine biofilm bacteria tested 

digestive gland 
H2O, DCM or 

Acetone 
No activity against biofilm bacteria 

operculum MeOH Inhibited 50% of the marine biofilm bacteria tested 

egg mass MeOH Inhibited 50% of the marine biofilm bacteria tested 

Drupella (Cronia) 

margariticola [79] 

whole body MeOH/DCM Inhibited 63% of the marine biofilm bacteria tested 

egg mass MeOH Inhibited 70% of the marine biofilm bacteria tested 

Phycothais (Lepsiella) 

reticulata [83,84] 
egg mass CHCl3 Inhibits human pathogens at 10 mg/mL 

Tenguella (Morula) 

marginalba [83,84] 
egg mass CHCl3 Inhibits human pathogens at 10 mg/mL 

Murex tribulus [79] whole body Acetone Inhibited 60% of the marine biofilm bacteria tested 

Rapana rapiformis [79] whole body Acetone Inhibited 23% of the marine biofilm bacteria tested 

Rapana venosa [85] haemolymph 
Proline rich 

peptides 
Inhibited Gram +ve (S. aureus) and Gram -ve (Klebsiella pneumoniae)

Rapana venosa [86,87] haemolymph Haemocyanin 
Inhibits the replication of Epstein-Barr virus at 1 μg/mL and 

Herpes simplex virus type 1 at 200 μg/mL 

Stramonita (Thais) 

biserialis [79] 
whole body MeOH Inhibited 35% of the marine biofilm bacteria tested 

Purpura (Thais) bufo [79] whole body MeOH Inhibited 25% of the marine biofilm bacteria tested 

Semiricinula (Thais) 

tissoti [79] 
whole body MeOH Inhibited 18% the marine biofilm bacteria tested 

Hexaplex trunculus 

[63,84] 
egg mass 

CHCl3 Inhibits S. aureus at 1 mg/mL and E. coli at 10 mg/mL 

2,4,5-Tribromo-

1H-imidazole 
Inhibits human pathogens at 0.1 mg/mL 

1 Accepted species names according to the World Register of Marine Species [88] with previously published genera in brackets. 

Bioassay guided fractionation of the egg masses from D. orbita has revealed that the brominated 

indole precursors of Tyrian purple are most likely responsible for the observed antibacterial activity [58]. 

The fluorescein diacetate (FDA) hydrolysis assay was used to identify the main antibacterial compound 

as tyriverdin (6, Figure 2a), which inhibited the growth of a range of bacteria at 0.5–5 μg/mL. However, 

the broth dilution assay revealed that this compound is only bacteriostatic and does not lyse the bacterial 

cells. Mild antibacterial activity (0.1–1 mg/mL) was observed for tyrindoleninone (5, Figure 2a) and  

6-bromoisatin (4, Figure 2a) in the FDA assay, and the broth dilution assay confirmed that these 

compounds were bacteriolytic [58]. These brominated indoles were also found in egg mass extracts from 
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at least three other Australian and two Mediterranean Muricidae species [62], along with a suite of other 

non-brominated indoles, which could contribute towards the observed antibacterial activities. The active 

factors in the Indian species are yet to be identified, however the hypobranchial gland secretions and egg 

capsules of some of these species, such as Chicoreus ramosus undergo colour reactions suggestive of 

Tyrian purple (KB personal observation), thus implying they also contain the same bioactive indole 

precursors. Two species of Mediterranean Muricidae, along with Trophon geversianus from Chile, were 

found to contain 2,4,5-tribromoimidazole (Figure 2d) in their egg mass extracts and this compound was 

also found to inhibit the growth of human pathogenic bacteria at 0.1 mg/mL. The indolequinones from 

the midgut of Drupella fragnum were found to inhibit the growth of Bacillus subtilis, S. aureus, E. coli 

and P. aeruginosa, in the range of 7.5 to 50 μg/mL, thus adding to the diversity of antibacterial 

compounds in Muricidae [65]. 

The haemolymph of gastropod molluscs contains humoral factors that also provide an important line 

of defense against microbial pathogens [26,85,89]. The dominant protein in gastropod haemolymph is 

the oxygen carrying molecule haemocyanin. A glycosylated functional unit of haemocyanin from 

Rapana venosa inhibits the replication of Epstein-Barr virus [86] and Herpes simplex virus HSV-1 [87]. 

Rapana haemocyanin has stronger antiviral activity than the haemocyanins from several other marine 

species, including the well characterised keyhole limpet (KLH1), Helix vulgaris and the crustacean 

Carcinus aestuarii. Four proline-rich antimicrobial peptides have also been isolated from R. venosa 

haemolymph [85]. These studies highlight the diversity of mildly antimicrobial agents from different 

tissues and species in the Muricidae family. Whilst none of the antimicrobial compounds identified so 

far are active or novel enough to be useful as pharmaceutical drug leads, their broad spectrum of activity 

could contribute to the medicinal properties of traditional remedies or the consumption of these snails as 

functional foods. 

4.2. Wound Healing and Anti-Inflammatory Activity 

Muricidae extracts have demonstrated wound healing properties and anti-inflammatory activity in 

addition to their anti-microbial properties. Lipid extracts from the muricid R. venosa were found to 

significantly improve the healing of induced skin burns in Wistar rats [90]. These lipid extracts contain 

polyunsaturated fatty acids, Vitamin E, sterols and aromatic compounds; however the specific 

compounds responsible for conferring wound healing properties have not been identified. Histological 

analysis revealed that healing time was reduced from 20–22 days in control animals, to just 13–15 days, 

in mice treated with R. venosa lipid extracts [90]. Almost complete regeneration of the skin epidermis, 

dermis and hypodermis occurred, with new epithelium and newly formed blood vessels, collagen fibres 

and basal membrane observed in the provisional fibrin matrix. Amino acid extracts from R. venosa were 

also found to accelerate skin wound healing by enhancing dermal and epidermal neoformation in Wistar 

rats [91]. Healing occurred at least 10 days faster in rats treated with the amino acid extracts compared 

to untreated controls. 

Evidence for the anti-inflammatory activity associated with the lipid extract was supported by normal 

blood cell counts in experimental rats treated with R. venosa extracts, compared to increasing quantities 

of leucocytes, lymphocytes, eosinophils and monocytes in the control rats [90]. The wounds treated  

with amino acid extracts from R. venosa also contained fewer inflammatory cells than the untreated 
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control and the extracts appear to stimulate the proliferation of differentiating keratinocytes [91].  

The haemocyanin from Rapana thomasiana and Concholepas concholepas have been investigated for 

non-specific immunostimulatory and specific immunomodulatory activity [92,93], with potential 

adjuvant use in anti-viral vaccination and anticancer therapy. A heparin binding factor with mitogenic 

growth stimulating activity in T3 fibroblasts has also been isolated from the South American Muricidae 

C. concholepas [94]. Mitogenic heparin binding can promote angiogenesis and increase the rate of 

dermal repair necessary for wound healing. 

Few of the brominated indoles and none of the choline esters isolated from Muricidae have been 

specifically tested for wound healing or anti-inflammatory activity in vitro. However, the 

bromohydroxyindoles from Drupella fragum were found to have anti-oxidant activity in the traditional 

peroxide value assay [64]. Furthermore, indirubin, a minor pigment in Tyrian purple, blocks the effects 

of extracellular ATP on macrophages. This prevents the increase in reactive oxygen species  

(ROS), causing attenuation of phagocytosis and induction of cell death in the presence of ATP [95].  

The anti-inflammatory activity of indirubin derivatives have been demonstrated in mouse leukemic 

monocyte macrophage RAW 264.7 cells [96] and in rat brain microglia [97]. In RAW 264.7 cells 

stimulated with lipopolysaccharide (LPS), indirubin derivatives inhibited the release of  

pro-inflammatory cytokines interleukin (IL)-1β and IL-6 [96]. Furthermore, isatin has been found to 

inhibit inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and tumor necrosis factor 

(TNF-α), which results in reduced prostaglandin E2 (PGE2) and nitric oxide (NO) levels in mouse 

macrophages stimulated with LPS and interferon gamma [98]. These isatins, along with some indole 

derivatives, have been patented for the treatment of inflammation [99–101]. Indole derivatives have also 

been patented for the treatment of osteoporosis [102]. 

Yazbeck et al., [103] recently tested extracts from D. orbita (containing tyrindoleninone and  

6-bromoisatin) in an in vivo rodent model for mucositis (inflammation of the gut). Rats were 

administered the extract or an oil control by oral gavage for three days, then injected with the 

chemotherapeutic agent 5-fluorouracil or a saline control and monitored for a further three days.  

Results from a sugar breath test, histology and myeloperoxidase activity in the small intestine, all 

indicate that the Dicathais extracts alone do not cause inflammation [103]. On the other hand,  

5-fluorouracil did cause significant inflammation, but there was no evidence for any gastroprotective 

effects of the D. orbita extracts in rats administered the chemotherapeutic combination. 

4.3. Anticancer and Kinase Receptor Binding Activity 

The extracts and brominated indoles from Muricidae, as well as a number of synthetic derivatives, 

show promising anti-cancer activity in a range of in vitro and in vivo models (Table 2). The chloroform 

extracts from the egg masses and hypobranchial glands of D. orbita inhibit the proliferation of a  

range of lymphoma and adherent cell lines from solid reproductive and colon tumurs (Figure 3).  

Bioassay-guided fractionation has identified tyrindoleninone and 6-bromoisatin as the main active 

constituents inhibiting these cancer cells (Figure 3) [68,69,104,105]. Specificity towards cancer cell 

lines, relative to the primary derived healthy cells has been observed using these brominated indoles. 

For example, tyrindoleninone (5, Figure 2a) significantly reduced cell viability after just 4 h exposure, 

in three reproductive cancer cell lines (LC50 0.01 mg/mL KGN and JAr and 0.04 mg/mL OVCAR-3), 
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without significantly affecting primary granulosa cells (LC50 0.9 mg/mL) [69]. Similarly,  

Benkendorff et al. [104] have shown that semi-purified tyrindoleninone inhibited cancer cells 

(lymphoma cell line U937) at lower concentrations than primary human mononuclear cells (MNC) 

(Figure 3). This specificity towards cancer cells is a major benefit for any potential application as an 

anti-cancer drug therapy. 

Table 2. Anti-cancer and steroidogenic properties of Muricidae extracts. Summary of the 

(a) in vitro assays and (b) in vivo animal models used to investigate the activity of Muricidae 

extracts and compounds.  

(a) In Vitro Assays 

Source Species/Compounds Cell Line or Purified Protein Assays 1 and Effects Examined 

Dicathais orbita (Chloroform 

extracts, purified tyrindoleninone 

& 6 Bromoisatin) [51,68,69,104] 

A range of female reproductive, colon and 

breast tumurs and lymphomas (Figure 3) 

MTS/MTT cell viability; Crystal violet; Caspase 

3/7 activity for apoptosis; Lactate dehydrogenase 

for necrosis; Tunnel staining for apoptosis; Flow 

cytometry for apoptosis, necrosis and cell cycle 

analysis 

Dicathais orbita (extracts and 

compounds) [69,106] 
JAr and human granulosa cells 

Radioimmunoassays (RIA); Steroidogenesis 

assays: estradiol (E2) and progesterone  

(P4) synthesis 

Hexaplex trunculus (purified 

bromoindirubins) [107,108] 

Recombinant or naturally purified protein 

kinases 

CDK1/Cyclin B, CDK5/p25, GSK-3 and other 

protein receptor kinase assays 

Rapana venosa (Ethanol 

extracts) [109] 

Human leukemia HL-60 and human lung 

cancer A-549 

MTT cell viability and liquid-scintillation 

radioassay for cell proliferation (3H-TdR) 

Thais clavigera (Ethanol 

extracts) [109] 

Human leukemia HL-60 and human lung 

cancer A-549 

MTT cell viability and liquid-scintillation 

radioassay for cell proliferation (3H-TdR) 

Rapana thomasiana (Purified 

haemocyanin) [110] 

SiHa-cervical squamous cell carcinoma, 

CaOV-ovarian adenocarcinoma,  

MIA PaCa-pancreatic carcinoma,  

RD 64-rhabdomyosarcoma,  

EJ-urinary bladder carcinoma and  

Lep-nontumor human lung cell line. 

Cell proliferation assay and apoptosis indicated 

by DNA degradation and caspase-3 activation 

Rapana venosa 

(Haemocyanins) [111] 
647-V, T-24 and CAL_29 bladder cancer cells

MTT AND WST-1 cell viability assays, apoptosis 

with acridine orange/propidium iodine staining 

and gene expression profiles for 168 inflammatory 

cytokines and signal transduction pathways. 

Synthetic isatin derivatives 

[105,112] 

The human leukemic (U937, monocyte and 

Jurkat, T cell), breast (MDA-MB-231 and 

MCF-7), prostate (PC-3), and colorectal 

(HCT-116) 

MTS cell viability, caspase 3/7 for apoptosis, 

CDK2 inhibition 

Synthetic indirubin derivatives 

[107,108,113–116] 

Recombinant or naturally purified  

protein kinases 

CDK1/Cyclin B, CDK5/p25, GSK-3 and other 

protein receptor kinase assays; affinity 

chromatography; crystallography and in silico 

modelling; rt PCR on Xenopus embryos 
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Table 2. Cont. 

Source Species/Compounds Cell Line or Purified Protein Assays and Effects Examined 

Synthetic indirubin derivatives 

[117,118] 

Human neuroblastoma and breast cancer  

cell lines 
Apoptosis induction pathways 

Synthetic indirubin derivatives 

[119,120] 

Human melanoma andmyeloid leukemia  

cell lines 
Jak/Stat 3 phosphorylation, FLT3 inhibition 

Synthetic isatin and indirubin 

derivatives [69,106,121] 

JAr and human granulosa cells for female 

hormones and H294 adrenal cells for male 

RAI; ELISA for E2 and P4; E-screen  

(xeno-oestrogenic potential) for E2 receptor 

binding; H294 adrenal cells for cortisol, testosterone, 

androgen, and didehydroepiandrosterone  

Synthetic indole derivatives [122] JAr and human granulosa cells RAI 

(b) In Vivo Models 

Source Species/Compounds Cancer Type Animal Model 

Dicathais orbita (Chloroform 

extracts) [123],  

(purified tyrindoleninone,  

6 bromoisatin) [124] 

Colon cancer prevention 

Apoptotic response to genotoxic damage by 

azoxymethane (AOM) in mice. Compounds 

delivered by oral gavage two weeks prior to AOM 

Concholepas concholepas 

(haemocyanin subunits CCHA 

& CCHB) [92] 

Bladder carcinoma treatment 
MBT-2 heterotopic murine bladder  

carcinoma model 

Synthetic 6-bromoistain [112] Colon cancer prevention 

Apoptotic response to genotoxic damage by 

AOM in mice. Compound delivered by oral 

gavage two weeks prior to AOM 

Synthetic 6-bromoindirubin 

derivatives [119] 
Human melanoma treatment 

Xenograph model in BALC/c mice,  

14 day treatment 

Synthetic indirubin  

derivatives [125] 
Renal, prostate, lung and colon cancer treatment Xenograph model in BALC/c mice 

1 MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt), MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene 

disulfonate) are tetrazolium reduction assays for cell viability. 

Another promising feature of the Muricidae brominated indoles is that they appear to induce cell 

death by apoptosis rather than necrosis. KGN, JAr and OVCAR-3 cells incubated with tyrindoleninone 

were found to undergo morphological changes associated predominately with apoptosis [69].  

The up-regulation of caspase-3/7 activity in KGN granulosa cancer cells suggest that both 

tyrindoleninone and 6-bromoisatin induce cell death by apoptosis at low concentrations [69].  

TUNEL staining of the fragmented and condensed nuclei of KGN cells further confirmed activation of 

apoptosis in the presence of these compounds. Semi-purified 6-bromoisatin (4, Figure 2a) also 

consistently induced caspase-3/7 activity, indicating apoptosis in human colorectal HT29 and Caco-2 

cancer cells, while tyrindoleninone tended to induce more necrosis in these cell lines as indicated by 

LDH release [68]. Flow cytometry using annexin staining confirmed apoptosis in HT29 cells after 

treatment with ~100 µM of 6-bromoistain, and many of the cells appeared to be arrested in the G2/M 

phase of the cell cycle [68]. Surprisingly, synthetic 6-bromoistain was not effective in upregulating 

caspase activity in HT29 colon cancer cells, although the initiation of apoptosis was confirmed by 

morphological changes in the cells observed under the microscope [112]. 
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Figure 3. The inhibitory concentration of Dicathais orbita crude extract and purified 

compounds required to reduce cell viability by 50% (IC50 mg/mL on a log scale) in a range 

of cell lines using tetrazolium salt (MTT or MTS) cell proliferation assays; female 

reproductive cancer cells JAr, OVCAR-3 and KGN, as well as primary derived (healthy) 

granulosa cells after 4 h exposure [69]; colon cancer HT29 and Caco-2 cells after 12 h 

exposure [68]; lymphoma U937 and freshly isolated human mononuclear cells after 4 h 

exposure [51,105]. For freshly isolated human mononuclear cells (MNC), the IC50 exceeded 

the maximum test concentration (1000 µg/mL) for the crude extract and semi-purified 

fractions after 4 h exposure [104], therefore results are presented for MNC viability after 60 

min exposure using Trypan blue staining [126]. 

Haemocyanin isolated from Rapana venosa and R. thomasiana have also been found to induce 

apoptosis in a range of cancer cell lines in vitro [110,111]. Gene expression profiling in bladder cancer 

cells exposed to the haemocyanin revealed significant up-regulation of genes involved in apoptosis, 

down regulation of some genes involved associated with proliferation and metastatic potential, as well 

as the activation of inflammatory cytokines [111]. This supports the previously reported immunogenic 

effects of molluscan haemocyanins, as well as highlighting their potential as chemotherapeutic agents. 

The crude extracts and brominated indoles from D. orbita have been tested for efficacy in vivo in a 

rodent model for the prevention of colon cancer (Table 2). After 2 weeks of daily administration, the 

crude extract, at a dose of 1 mg/g, significantly increased the apoptotic response of DNA damaged cells 

in the distal colon of mice [123]. Using the same rodent model, we reported that synthetic 6-bromoisatin 

significantly enhanced the acute apoptotic response to the genotoxic carcinogen azoxymethane, at a dose 

of 0.05 mg/mL [112], suggesting this compound is likely to be the principle anticancer compound in  

D. orbita extracts. 

Cytotoxic and apoptotic effects for a range of other natural and synthetic isatin derivatives have been 

demonstrated against a range of cancer cell lines [67,105,127,128]. Of particular note, the minor pigment 

of Tyrian purple 6, 6-dibromoindirubin was found to be a potent inhibitor of glycogen synthase kinase-3 

(GSK-3) [113]. Indirubin has been chemically synthesized and modified to produce a range of synthetic 
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derivatives with anti-proliferative properties [107,108,129]. These indirubin derivatives induce apoptosis 

in lung, stomach, colon, abdominal and leukaemia cancer cell lines (Table 2). The synthetic derivatives 

also have improved solubility and biological selectivity [107,115,130,131], inspiring interest as 

pharmaceutical agents for the treatment of cancer and leading to several patents over the last  

decade [132–136]. In vivo studies on the isatin derivative AGM011 indicate that this compound can 

suppress solid tumurs in rats by 80% [133]. A number of indirubin derivatives are currently used for 

treating leukaemia, lung and prostate cancer [114,130,131]. 

4.4. Steroidogenic Effects of Muricidae Extracts and Analogue Compounds 

The ongoing use of Muricidae traditional medicines to treat Women’s problems (detailed in Section 5 

below) implies possible effects on steroidogenesis. Steroid hormone production is critical for maintaining 

the menstrual cycle, for development and production of mature oocytes, and for establishing and 

maintaining pregnancy [137]. In women, the steroidogenic pathway is expressed within the granulosa 

cells of the ovary, and in uterine and placental cells. The human JAr chorioplacental cancer cell line and 

primary-derived granulosa cells from healthy women, express functional steroidogenic pathways  

in vitro. They respond to human chorionic gonadotrophin (hCG) in vitro by upregulating steroidogenesis 

and increasing the levels of progesterone and estradiol secreted into the cell culture medium [106,138]. 

Edwards et al., tested the effects of D. orbita extracts, containing tyrindoleninone and 6-bromoisatin, 

on cytotoxicity, progesterone (P4) synthesis and hCG responsiveness in the JAr cell line [106].  

The D. orbita extract significantly decreased JAr cell viability, with the IC50 affected by incubation time, 

but not hCG. Using a radio-immunoassay, this brominated indole-containing extract was found to inhibit 

hCG-stimulated P4 production at low concentrations (0.005 mg/mL), but stimulated P4 at the highest 

concentrations (0.5 mg/mL), after taking into consideration the cytotoxic effects [106]. Further testing 

using two synthetic indirubins and 5-bromoisatin revealed similar responses in the JAr cancer cell line; 

with a hormetic n-shaped response, in which low doses stimulated but high doses had no effect on 

constitutive progesterone synthesis [138]. Hormesis or a low-dose enhancement, with a dual or biphasic 

effect, has been previously observed for the effects of natural products on steroidogenesis. For example, 

imidazoles induce a biphasic response on adrenal hormone synthesis [139]. Typically steroidogenesis is 

stimulated at low doses and inhibited at high doses. In contrast, D. orbita extracts appear to cause an 

unusual inverse hormetic response on P4 synthesis (i.e., inhibition at low doses and stimulation at high 

doses over a narrow dose range) [106]. 

Edwards et al., have also tested the effects of D. orbita extracts and compounds on the production of 

progesterone and estradiol in granulosa cells, with and without hCG [138] (Table 3). In addition, several 

synthetic isatin and indirubin compounds were tested for effects on basal progesterone production in 

granulosa and JAr cells (Table 3). Cytotoxicity affects steroidogenesis and secretion, therefore only  

non-cytotoxic doses of Muricidae compounds are considered in Table 3. The comparison of  

semi-purified compounds with crude D. orbita extracts suggests a specific and targeted activity for 

certain brominated indole derivatives (Table 3). It appears that tyrindoleninone either has no effect, or 

is inhibitory towards basal and hCG-stimulated progesterone synthesis, but elicits an n-shaped dose 

response curve with respect to basal and hCG-stimulated estrogen synthesis. Low, but not high 

concentrations of tyrindoleninone stimulated estrogen synthesis, but did not affect progesterone 
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synthesis. This suggests that tyrindoleninone may act on targets in the estrogen biosynthetic pathway 

subsequent to progesterone production. The granulosa cells responded to indirubin and 5-bromoisatin 

differently from the JAr cells [138], although the dose-dependent stimulation caused by 5-bromoisatin 

may have been equivalent to the stimulatory phase of the JAr cell n-shaped dose response. The effects 

of 6-bromoisatin on granulosa cell steroidogenesis were variable, and more data are required to 

characterise the steroidogenic effects of this compound (Table 3). Nevertheless, it is clear from these 

preliminary studies that Muricidae extracts and compounds do have the potential to moderate or interfere  

with steroidogenesis. 

Table 3. Effect of Muricidae extracts and synthetic analogue compounds on basal and 

gonadotrophin-stimulated progesterone and estrogen synthesis in vitro. Only the effects of 

non-cytotoxic concentrations of compounds are summarised in this table. 

Source Compound 
Cell 

Type 
Hormone Dose Response 

Synthetic 

compounds 0, 

0.00001, 0.0001, 

0.001, 0.01,  

0.1 mg/mL 

6,6′ dibromoindirubin 

JAr 

Basal P4 
N-shaped 1, low doses stimulated, 0 and high 

doses N/E, 4 h, 6 h, 8 h, 10 h 

indirubin Basal P4 
N-shaped, Low doses stimulated, 0 and high 

doses N/E, 24 h 

5-bromoisatin Basal P4 
N-shaped, low doses stimulated, 0 and high 

doses N/E, 24 h 

indirubin 
GC 

Basal P4 U-shaped 2, 48 h, 72 h 

5-bromoisatin Basal P4 Dose-dependent stimulation, 48 h  

Hypobranchial 

gland extract 0, 

0.005, 0.01, 0.05, 

0.1, 0.5, 1 mg/mL 

mixture of  

6-bromoisatin, 

tyrindolinone, 

tyrindoleninone, 

tyrindoxyl sulphate 

GC 

Basal P4 N/E 

hCG P4 N/E 

Basal E2 0.05 mg/mL stimulated, 24 h 

hCG E2 U-shaped, 4 h, 24 h, 48 h 

tyrindoleninone GC 

Basal P4 N/E 

hCG P4 N/E 

Basal E2 N-shaped, 24, 48 h  

hCG E2 N-shaped, 24, inhibition—48 h 

6-bromoisatin GC 

Basal P4 U-shaped 4 h, N/E 24 h, 48 h 

hCG P4 N/E 

Basal E2 U-shaped 4 h, N/E 24 h, 48 h 

hCG E2 Dose-dependent inhibition 4 h, 48 h 

Egg mass extract 

0, 0.005, 0.05,  

0.5 mg/mL 

mixture of  

6-bromoisatin, 

tyrindolinone, 

tyrindoleninone, 

tyriverdin 

GC 

Basal P4 N/E 

hCG P4 Dose-dependent stimulation, 48 h 

Basal E2 N/E 

hCG E2 Dose-dependent stimulation, 48 h 

tyrindoleninone GC 

Basal P4 N/E 

hCG P4 Dose-dependent inhibition 

Basal E2 N-shaped 24, 48 h 

hCG E2 Stimulation 4, 24 h, n-shaped 48 h 
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Table 3. Cont. 

Source Compound Cell Type Hormone Dose Response 

Egg mass extract 

0, 0.005, 0.05,  

0.5 mg/mL 

6-bromoisatin GC 

Basal P4 Lowest dose cytotoxic 

hCG P4 Dose-dependent inhibition, 48 h 

Basal E2 Lowest dose cytotoxic 

hCG E2 Dose-dependent stimulation, 48 h 

JAr—human chorioplacental cancer cell line, GC—human primary-derived granulosa cells, P4—progesterone, E2—

estradiol 17 beta, basal—constitutive hormone synthesis, hCG—exposed to human chorionic gonadotrophin in vitro, N/E—

no effect and the same as control, stimulation—steroid hormone synthesis stimulated to be significantly higher than 

controls, inhibition—steroid hormone synthesis significantly lower than controls, h—hours of exposure in vitro [106,136].1 

N shaped curve = typical hormetic response with low dose stimulation and high dose inhibition; 2 U shaped response = 

inverse hormesis with low dose inhibition and high dose stimulation. 

4.5. Muscle Relaxing and Nicotinic Activity of Choline Esters 

Hypobranchial gland extracts from a number of muricid species have shown potent muscle relaxing 

properties with nicotinic action, of which choline esters are the major contributors [74,140,141]  

(Table 4a). The choline esters are found in the polar fraction of organic solvent extracts and are soluble 

in ethanol, methanol, acetone and to some extent water [72,74]. Some muricid species are known to 

contain multiple choline esters (Figure 2c), predominantly from the hypobranchial gland [74]. 

Similarities in the pharmacological properties of the gland extracts and choline esters have been 

demonstrated in vitro using the frog rectus assay (Table 4a) [74]. These compounds elicit neuromuscular 

blocking action, but do not bind to muscarinic acetylcholine receptors, correlating with affinity to 

nicotinic cholinergic ligand-gated ion channels [141]. Keyl and Whittaker (1958) were able to measure 

depolarization on the endplate region of rat gracilis muscle at concentrations of 3 mg/kg, whereby 

murexine may be binding to nicotinic acetylcholine receptors. The concentration dependent effect of 

murexine on twitch reduction has also been tested in vitro on cat, dog and rabbit gastro-cnemius [140] 

(Table 4a). In vivo studies using murexine, dihydromurexine and senecioylcholine support the 

neuromuscular blocking activity seen in vitro in the frog rectus assays (Table 4a). All three choline esters 

produced head drop in rabbits and paralysis of the back legs in dogs [140]. Clinical trials on 160 human 

patients after intravenous (i.v.) administration of murexine demonstrated paralysis lasting for 3–6 min 

after a single dose of 1 mg/kg, whereas longer lasting muscular relaxation was achieved using slow i.v. 

infusion of a 1/1000 solution of murexine in physiological saline [140]. 
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Table 4. Neuromuscular and pain signalling effects of Muricidae extracts and compounds; (a) Choline ester and hypobranchial gland (HG) 

muscle relaxing and nicotinic activity; (b) Isatin derivative neurotransmitters, analgesics and sedative properties of the Muricidae extracts and 

compounds. 

(a) 

Source Compound a Conc. Assay/in Vivo Model Observed Effects 

HG Extract/Synthetic   

Neuromuscular block  

Paralysis of the skeletal musculature after 

intravenous (i.v.) administration. Murexine 

stimulates nicotinic acetylcholine receptors 

opening the monovalent cation channel for 

depolarization of the motor endplate. Mild 

or no muscarine like activity was detected 

in guinea-pig and rabbit intestine, rabbit 

atrium and isolated frog heart assays. 

M, MCH, DHM, SCH various Frog rectus abdominis muscle assay [74,76,140] 

M, MCH 0.75 mg/assay Neuromuscular block in rat diaphragm assay [140] 

M, MCH 100–2000 μg/kg 
% Twitch reduction assays on cat, dog and rabbit gastro-cnemius were used to 

calculate concentration effect [75] 

M, MCH 0.65 mg/kg 
50% rabbit head drop after i.v. injection [74] 

DHM 0.52 mg/kg 

M, MCH 0.35 mg/kg 
50% dog paralyzing dose after i.v. injection [140] 

DHM 0.022 mg/kg 

M, MCH 1.0–1.2 mg/kg 
Relaxing effect in human preliminary clinical trial on 160 patients after a single  

i.v. injection [140] 

HG Extract/Synthetic   Nicotinic activity  

Murexine i.v. at high dose is likely to have 

nicotinic effects on sympathetic ganglia 

and adrenal medulla 

M 
60 μg/kg/min  

(no effect) 
Nicotinic effects of murexine showed a dose dependant rise in blood pressure whilst 

inducing neuromuscular block in anaesthetised cats and dogs [74,140,141] 
M 300 μ/kg 
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Table 4. Cont. 

(b) 

Compound Conc. 
Assay/in Vivo Model and 

Effects Observed 

Method 

Admin. 

Mode of Action/Pathways 

Identified 
Overall Effects 

2,3 dioxoindoline 

15–20 mg/kg 

Mice and rats showed 

anxiogenic behaviour in the 

open-field and elevated plus 

maze test and the social 

interaction test [142]  

i.p. 

Monoamine oxidase B 

inhibition as a contribution to 

stress related tribulin activity. 

Anxiogenic at low dose 

<50 mg/kg 
Mice showed immobility in the 

forced swim test [143] 
i.p. 

Inhibits monoamine oxidase 

affecting monoamine levels.  
Sedative at high dose 

indole-2,3-dione 

20 mg/kg 

Isatin administered after 

pentylenetetrazole (PTZ) and  

3-mercaptopropionic acid 

(3MPA) induced seizures in  

rats [143] 

i.p. 

Antagonise natriuretic peptide 

receptor A (NPR-A) and 

NPR-C signalling at low dose 

due to the metabolite  

5-hydroxyisatin. 

Proconvulsant at low dose 

60–80 mg/kg 

Effective against PTZ and 

3MPA induced clonic 

convulsions [144] 

i.p.  Anticonvulsant at high dose 

indole-2,3-dione-3-

oxime or as salt, oxide 

or hydrate derivative 

10 uM 

Intermediate-conductance and 

small-conductance Ca(2+)-

activated potassium channel 

(IKCa and SKCa)activation  

in a 15 ul cell chamber on 

human embryonic kidney 293 

cell line [145] 

immersion 

Ikca and SKca ion channel 

associated conditions 

including respiratory 

conditions, muscle spasms, 

convulsive conditions, mood 

disorders and dementia. 

Ikca and Skca ion channel activation 
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Table 4. Cont. 

Compound Conc. 
Assay/in vivo Model and 

Effects Observed 
Method Admin. 

Mode of Action/Pathways 

Identified 
Overall Effects 

5,7-dinitro-1-methyl-

1H-indole-2,3-dione-3-

(0-methyloxime) 

0.1–10 mg/kg 

Administered to NMRI mice for 

ATPA rigidity, to DAB/2 mice 

for quisqualate seizures, to 

NMRI mice for N-methyl-D-

aspartate (NMDA) seizures and 

to NMRI mice for cocaine 

hypermotility [146] 

i.v. and orally 

(cocaine 

hypermotility) 

Excitatory amino acid 

antagonist blocking glycine 

and glutamate on the 

quisqualate, 2-amino-3-(3-

hydroxy-5-tert-butylisoxazol-

4-yl)propionic acid (ATPA), 

2-amino-3-hydroxy-5-methyl-

4-isoxazole propionic acid 

(AMPA), kainate and  

NMDA receptors. 

Anticonvulsant for ATPA quisqualate, 

NMDA seizures and cocaine hypermotility 

5-bromoisatin 

200 mg/kg 

Phenylquinone test for analgesia 

in mice showing 90% inhibition 

after 30 min [147] 

i.p. 

5-bromoisatin was comparable to 

acetylsalicylic and showed 

analgesia with fewer side effects.

Analgesic 
400 mg/kg 

Randall and Selitto test  

for analgesic comparison in  

rats [147] 

orally 

90 mg/kg 
Overall ED50 after 30 min 

reaction time [147] 
 

a M—murexine, was extracted from Murex trunculus, Murex brandaris and Tritonalia erinacea; MCH—murexine chloride hydrochloride (synthetic); DHM—dihydromurexine; and SCH—

senecioylcholine are from hypobranchial gland extracts of the above species. Administration method includes: i.p.—intraperitoneal and i.v.—intravenous.
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When compared to other muscle relaxants, including decamethonium, suxamethonium, gallamine 

and tubocurarine, the muricid choline esters show greatest similarity in dose and effect to 

suxamethonium, another depolarizing type of neuromuscular blocker [140]. There are a number of 

features of the structure of murexine (3, Figure 2a) and other muricid choline esters that influence the 

potency of their activity as muscle relaxants, including the electron density of the “ether” oxygen atom 

and the quaternary ammonium ion (O(CH2)3N+(CH3)3 group) (Figure 2c), which has similarity to 

acetylcholine [148]. These structural features may explain the nicotinic activity demonstrated by the 

muricid choline esters, as they appear to mimic the action of acetylcholine on nicotinic acetylcholine 

receptors, although this interaction is yet to be confirmed. In vivo nicotinic activity is dose dependent; 

with low doses having little effect on respiration and blood pressure [74], whilst high doses above  

100–200 mg/kg increase blood pressure and respiration in anaesthetized cats and dogs [141], indicating 

sympathetic ganglion stimulation in addition to neuromuscular blocking activity. The consequences of 

the nicotinic activity in humans are side-effects such as nausea and vomiting. This was observed in some 

subjects in the clinical trial using murexine, thus deterring further clinical studies or applications with  

this compound [140]. 

4.6. Neurotransmitters, Analgesic and Sedative Properties of Isatins 

Isatin is an endogenous oxidized indole which has a wide range of effects in mammalian systems, 

including behavioural and metabolic functions [149]. As such, synthetic and naturally derived isatin 

derivatives also exhibit a diverse range of effects, including anxiogenic, anticonvulsant, sedative, 

analgesic activity and ion channel activation (summarized in Table 4b). Endogenous isatins which are 

known to increase during stress have their greatest potency as antagonists of atrial natriuretic peptide 

(ANP) function and nitric oxide (NO) signalling, both of which are potent vasodilators [149].  

When isatin is administered in rat models of Parkinson disease it inhibits monoamine oxidase B and 

improves bradykinesia and striatal dopamine levels [128]. In situ imaging of [3H]isatin in rat brains has 

demonstrated its distribution in the hypothalamic nuclei, cortex, hippocampus and cerebellum [150]. 

Therefore, any exogenous isatin and derivatives based therapeutic agents should be carefully 

administered as they may influence the many endogenous isatin targets, if they are capable of crossing 

the blood brain barrier [151]. 

Synthetic 5-bromoisatin, has demonstrated analgesic effects at high doses [147], similar to synthetic 

isatin [144]. This compound is a structural isomer of 6-bromoisatin found in Muricidae extracts. Further 

investigations of 6-bromoisatin in comparison to synthetic isatins are required to establish any 

interaction with endogenous isatin targets. For example, 6-bromoisatin may show potential as a 

neuromodulator with effects on monoamine oxidase B, ANP function and NO signalling. 

4.7. In Vivo Toxicity 

As choline esters bind to nicotinic acetylcholine receptors, resulting in neuromuscular blocking 

activity, extracts from the hypobranchial glands of muricid molluscs could have a certain level of toxicity 

associated with their administration. Table 5 compares the in vivo toxicity of the various muricid choline 

esters. The lethal effect of muricid choline esters appears to be attributed to the combined neuromuscular 

and nicotinic activity. Tigloylcholine administered i.v. to mice (0.92 mg/kg) produced tonic tremors, 
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convulsion and jumping, symptomatic of nicotinic receptor stimulation [77]. This resulted in death after 

two minutes due to respiratory arrest, possibly from neuromuscular blocking of muscles associated with 

respiration [77]. Tigloylcholine shows a higher potency compared to murexine and dihydromurexine, 

but as tigloylcholine appears to be an isomer of seneciolylcholine [77], differences between these two 

choline esters are difficult to compare without further confirmation of the specific structures used in  

in vivo experiments. Further chemical studies using nuclear magnetic resonance are required to 

distinguish tigloylcholine from seneciolylcholine and other choline esters for use in future 

pharmacological studies [25,77]. 

Recent in vivo studies have also been undertaken to assess the gastrointestinal and hepatotoxicity  

of brominated indoles and lipophylic extracts from D. orbita (Table 5). In a two week toxicity study  

in mice, there was no mortality, clinical toxicity symptoms or weight loss resulting from the 

administration of the semi-purified extract [152]. Similarly no mortality or clinical toxicity was  

observed during two or 15 week colon cancer prevention models in mice [122,123,153]. However, 

histological examination after a two week toxicity trial revealed idiosyncratic effects on the 

gastrointestinal tract and liver, in a small proportion (<40%) of mice administered the extract, including 

necrosis, fatty change, and inflammation [152]. In the two week colon cancer prevention model, liver 

enzyme levels in the mice were not affected by the crude extract, semi-purified 6-bromoisatin [124] or 

synthetic 6-bromoisatin [112]. However, aspartate aminotransferase serum levels in the mice treated 

with tyrindoleninone were elevated significantly compared to the saline control [124] indicating 

potential hepatotoxicity. Tyrindoleninone also appeared to reduce the red blood cell counts and 

haemoglobin levels in the mice suggesting mild anaemia. However, tyrindoleninone is likely to be 

converted to 6-bromoistain in the stomach, as indicated by a treatment of the crude extract with simulated 

digestive fluid [123]. 6-Bromoisatin does not appear to have any significant side-effect on the blood 

cells or serum biochemistry, with the exception of a reduction of potassium levels indicating possible 

diuretic effects [112,124]. This is consistent with previous reports of diuretic effects associated with 

isatin derivatives by Nataraj et al. [154]. Overall, the crude muricid extract dominated by 6-bromoisatin 

and synthetic 6-bromoisatin appear to be relatively safe for oral ingestion. Nevertheless, purification and 

strict quality control would be required to ensure the effective separation of the more toxic choline esters 

from any natural medicines derived from the hypobranchial glands of Muricidae. 
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Table 5. Toxicity of Muricidae compounds and extracts, indicating general effects (GE) and lethal dose (LD). 

Compound/Extract Model Test 
Method 

Admin
Conc. (mg/kg) General Side Effects 

murexine 

Mouse 

LD50 i.v. 6.45 
Paralysis of the skeletal musculature preceded by transient stimulation including muscle 

tension and fasciculation. Death is caused by anoxia after peripheral respiratory arrest [74] 
LD50 s.c. 50 

LD (ineffective) oral <1000 ineffective

Dog 

GE i.v. 0.27 For dogs, murexine additionally caused increased saliva and evacuation of urine and faeces 

(defecation). Nevertheless they handled 200 times dose with artificial  

respiration (intubation) [74] 
GE s.c. 1.35–2.16 

Pigeon 
GE i.v. 0.05 

Birds developed contracture, leg cramp and opisthotonus instead of muscular paralysis [74] 
LD50 i.v. 0.2–0.3 

Octopus GE i.b.h. 30–40 
Eledone moschata showed brief stimulation and motor agitation with deep  

respiratory behaviour [74] 

Humans GE i.v. 1–1.2 Muscle relaxation with mild nicotinic effects [140] 

dihydromurexine Mouse LD50 i.v. 5.57 
Similar to murexine but more potent for mice. 12 times more potent for frog  

rectus abdominis [74] 

tigloylcholine Mouse LD50 i.v. 0.92 Considerably more potent than murexine [77] 

D. orbita 

brominated indole 

extracts 

Mouse 

GE oral 0.5 Idiosyncratic effects on hepatocytes including nonsteroidal fatty change and necrosis [152] 

GE oral 0.5 Idosyncratic gastrointestinal inflammation and ulcers [152] 

LD (ineffective) oral >1 
No mortality after 4 weeks daily oral gavage, no effects on behaviour or any signs of  

ill health [153] 

Rat 

GE oral 1 No mucositic, inflammation, or negative effects of gastric epithelium or blood cells [103]  

LD (ineffective) oral >1 
No mortality after 1 week daily oral gavage, no effects on behaviour or any signs of  

ill health [103] 

6-bromoisatin Mouse 

GE oral 0.25–1 
Diuretic effects evidenced by reduced K/Na ratio in blood  

no negative effects on blood cells, hemoglobin or serum liver enzymes [112] 

LD (ineffective) oral >1 
No mortality after 2 weeks daily oral gavage, no effects on behaviour or any signs of  

ill health [112] 

LD50—lethal dose for 50% of group; LD (ineffective)—tested for safety with no mortality; i.v.—intravenous injection; s.c.—subcutaneous injection; i.b.h—intra branchial heart. 
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5. Traditional Medical Uses 

5.1. Ancient Mediterranean and Middle Eastern Use 

Early records of natural medicine state that the operculum, flesh and shell of neogastropods were all 

used for their therapeutic properties [21]. The operculum from Muricidae were used for curing a range 

of illnesses, such as swollen spleen, depression, rheumatism or arthritis, stomach ulcers, skin diseases 

including boils, warts and tumors, teeth problems, eye disease, hearing loss, epilepsy and paralysis 

(Table 6). These opercula are also reported to be useful as purgatives and laxatives [13–15,155].  

The opercula were also specifically used for the treatment of female reproductive disorders including 

menstrual cycle abnormalities, atresia of the uterine cervix and other diseases of the uterus, as well as 

for removal of the placenta after labour (Table 6). The opercula are still reported to be important 

ingredients in traditional Sudanese perfumery such as karkar, dukhan, dilka, khumra and  

bakhur mu’assal [33]. The uses of these perfumes containing opercula have strong connection with 

marriage and only brides or married women can apply them. Khumra are reported to help make sexual 

intercourse easier, especially for the first night, whereas dukhan tightens the vaginal muscles and is 

suggested to cure women’s diseases. To date, there appear to be no chemical studies on the opercula of 

neogastropods to help explain these applications. However, the analgesic and anti-inflammatory isatins 

(Table 4b) and muscle-relaxing choline esters found in Muricidae (Table 4a), along with the 

steroidogenic properties of the extracts and indole derivatives (Table 3) could feasibility contribute to 

some of these applications, providing these bioactive compounds are both present and biologically 

available in these traditional medicinal preparations. 

The burnt flesh and ashes of muricid shell were reported to have anti-inflammatory properties and 

were traditionally used for wound healing, cleaning teeth, treatment of cracked skin and healing parotid 

gland swelling [21] (Table 6). The boiled foot muscle was used specifically to heal stomach ulcers.  

These applications are consistent with anti-inflammatory properties of isatin derivatives, as well as the 

anti-bacterial (Table 1) and wound-healing properties of Muricidae extracts. The purple secreting 

hypobranchial glands of Muricidae were also used in medieval times, as laxatives and diuretics [21] 

(Table 6), which is consistent with the presence of choline esters and 6 bromoisatin, respectively. This 

gland was also said to increase perspiration and salivation and cause nausea and vomiting if used in 

excess (Table 6). These side effects are consistent with the nicotinic receptor binding activity of choline 

esters, as observed in clinical trials using murexine [74]. 
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Table 6. Ancient medicinal uses of Muricidae molluscs. 

Culture Part of snail Source species Preparation Pharmaceutical properties (Treatment) 

Ancient Greco-Roman 

(Dioscorides, Oribasius 

and Galen) [21] 

Operculum 

Hexaplex trunculus, 

Bolinus brandaris, Thais 

haemastoma 

Crushed and mixed with oil and 

vinegar 

Hearing loss, swollen spleen, depression, menstrual cycle 

abnormalities, after labour for placenta removal  

Flesh and ashes of 

burned shell 

Hexaplex trunculus, 

Bolinus brandaris and 

Thais haemastoma 

Burned flesh along with shell 
Wound healing, cleaning teeth, treatment of cracked skin, 

healing parotid gland swelling, anti-inflammatory properties 

Ancient Greece  

(Dioscorides) [155] 

Whole shell with 

meat 

Muricidae  

(Purpura-Tyrian Purple 

producing shellfish) 

Burnt and dry whole animal  Cleaning teeth, healing warts, boils or tumour 

Columellae “Purpurae” (Muricidae) Burnt and dry Good for stomach 

Ancient Greece  

(Xenocrates) [21] 

Hypobranchial 

gland 

Hexaplex trunculus, 

Bolinus brandaris and 

Thais haemastoma 

unknown 

Laxative, diuretic, increases salivary secretion, perspiration. 

Excess consumption may cause nausea, vomiting  

and diarrhoea 

Ancient Greece  

(Athenaeus) [21] 
Foot 

Hexaplex trunculus, 

Bolinus brandaris and 

Thais haemastoma 

Boiling Heals stomach disorders 

Medieval Eastern 

Mediterranean Genizah 

[14,155] 

Operculum  
Muricidae such as Murex 

anguliferus 

Smell the aromatic substance or 

smoke produced while placing the 

operculum on slowly  

burning charcoal 

Rheumatism or arthritis  

Stomach problem (wounds in stomach), skin diseases, 

teeth problems, eye and ear diseases, tumors, epilepsy , 

paralysis, purgative, treatment of diseases of the uterus 

Bahrein  

Middle Eastern [13,15] 
Operculum  Murex inflatus  Fumigation  Atresia of uterus 

Europe  

(Aphrodisiacs) [156] 

Operculum  

(Blatta byzantine) 
Banded dye Murex 

Operculum medicine with vinegar 

Fumigation 

Reduced swollen spleen  

For women (dislodge the placenta after labour) 

Operculum  Calcified operculum Ashes of calcified operculum Stimulate capillary growth 
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5.2. Muricidae Used in Traditional Chinese Medicine (TCM) 

Many species from the Muricidae family have been used in TCM to treat various diseases (Table 7), 

although little rational scientific evidence for their efficacy can be identified. Some traditional uses such 

as for Rapana bezoar and R. venosa, and T. clavigera, have been summarised and clarified in “Ben Cao 

Gang Mu” or “Compendium of Materia Medica” (1578 A.D.). However, the traditional uses of 

other Muricidae species are spread over a number of books. Fortunately, all of the information has been 

systemically summarised to two recent Chinese books, “Zhong Hua Ben Cao” or “The Chinese  

herbal” [23] and “Zhong Hua Hai Yang Ben Cao” or “Chinese Marine Materia Medica” (Guan and 

Wang, 2009). The traditional uses of Muricidae species introduced here are mainly based on the 

information retrieved and translated from these two recent books. 

Table 7. Uses of different Muricidae family species in Traditional Chinese Medicine (TCM) 1. 

Scientific Name Method of Use Traditional Uses and Claims 

Genus Ceratostoma 

C. rorifluum (Adams & Reeve) Decoct the shell (10–50 g) and ingest. 

Tranquilize and sedate the mind; astringe and 

preserve the essence; Use to treat insomnia, 

amnesia, spermatorrhea, uterine bleeding  

and leukorrhagia. 

Genus Chicoreus 
C. asianus (Kuroda) Same as C. rorifluum Same as C. rorifluum 

C. brunneus (Link) Decoct the shell (15–25 g) and ingest.  

Resolve phlegm, disperse retention, 

tranquilize liver and wind; Use to treat 

stomach pain, scrofula and spastic muscles. 

C. ramosus (Linnaeus) 

Decoct the crushed shell (15–50 g); 

Ustulate (scorch) the shell, ground into 

powder and apply externally.  

Clear heat, expel toxins, soften hard lumps, 

dispel nodes, reduce flatulence and pain; Use 

to treat pathopyretic ulcer, scrofula (infection 

of the lymph nodes), stomach pain, dyspepsia, 

stomach and duodenal ulcer.  

Genus Murex 
M. aduncospinosus (Beck) 2 

Decoct the shell (15–25 g) and ingest. 

Ustulate the shell, ground into powder and 

apply externally. 

Clear heat, expel toxins, invigorate blood 

circulation.  

Use to treat pyretic toxicity, carbuncle, 

furuncle, otitis medium and ulcer of lower 

limb.  

M. pecten (Lightfoot) 3 

M. rectirostris (Sowerby) 4 

M. ternispina (Lamarck) 

M. trapa Röding 

Genus Nassa 
N. francolinus (Bruguière) 5 Same as genus Murex Same as genus Murex 

Genus Purpura 
P. rudolphi (Lamarck) Same as T. alouina, etc. Same as T. alouina, etc. 

Genus Rapana 

R. bezoar (Linnaeus) 

Fresh meat: boil and eat the meat; decoct 

the shell (30–60 g) and ingest. Combine 

the juice and with other medicine as eye 

drops 

Fresh meat: Remove heat to brighten vision; 

Use to treat hepatic heat and red eyes, 

ophthalmalgia, chest and abdomen heat  

and pain. 
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Table 7. Cont. 

Scientific Name Method of Use Traditional Uses and Claims 

R. bezoar (Linnaeus) 

Shell: Decoct the shell (15–30 g) and 

ingest, used as medicinal powder  

(3–6 g) and ingest; Ustulate the shell, 

ground into powder, mixed with sesame 

oil and apply externally.  

Operculum: Decoct the operculum  

(10–20 g) and ingest; Ustulate the shell, 

ground into powder and apply externally.

Shell: Relieve gastric hyperacidity to 

alleviate stomachache, resolve phlegm, 

disperse retention, tranquilize liver and 

wind; Use to treat stomach and duodenal 

ulcer, panasthenia, spastic hand and foot, 

chronic osteomyelitis, and scrofula.  

Operculum: Clear heat, expel toxins, remove 

dampness through diuresis, free strangury. 

Use to treat strangury (painful & frequent 

urination), swelling and ulcer on the body 

surface, hepatic coma, eye diseases, 

dysentery. 

R. rapiformis (Born) Decoct the shell (15–25 g) and ingest. 

Eliminating phlegm and soften indurated 

mass, relieving convulsion and spasm, 

relieve gastric hyperacidity to alleviate 

stomach ache; Use to treat stomach pain, 

scrofula, spastic hand and foot.  

R. venosa (Valenciennes) same as R. bezoar same as R. bezoar 

Genus Thais 

T. alouina (Röding) 6  

T. armiger (Link) 7  

T. bronni (Dunker) 8  

T. bufo (Lamarck) 9 

T. clavigera (Kuster) 10 

T. echinata (Blainville) 11 

Decoct the shell (15–50 g) and ingest; 

used for making pills or medicinal 

powder; Ustulate the shell, ground into 

powder and apply externally. 

Soften hard lumps, dispel nodes, clear heat, 

expel toxins; Use to treat pyogenic infection, 

swelling and ulcer on the body surface and 

scrofula.  

T. gradate (Jonas) 12 Decoct the crushed shell (15–25 g) 

Soften hard lumps, dispel nodes, clear heat, 

expel toxins, clear expectoration, relieve 

cough, removing nebula to improve 

eyesight; Use to treat scrofula, phlegm and 

cough, scrofula, goitre, nebula, swelling and 

ulcer on the body surface.  

T. hippocastanum 13 Same as T. alouina, etc. Same as T. alouina, etc. 

T. luteostoma 14 Same as T. gradate Same as T. gradate 

T. mutabilis 15 Same as T. alouina, etc. Same as T. alouina, etc. 

T. tuberosa 16 Same as T. alouina, etc. Same as T. alouina, etc. 
1 The information of traditional uses are mainly retrieved from “Zhong Hua Ben Cao” or “The Chinese  

herbal” [23] and “Zhong Hua Hai Yang Ben Cao” [22]. Based on WoRMS, the accepted name should be 2 Murex 

aduncospinosus Sowerby II; 3 Murex pecten pecten Lightfoot; 4 Vokesimurex rectirostris (G.B. Sowerby II); 5 Nassa 

francolina (Bruguière); 6 Mancinella alouina (Röding); 7 Mancinella armigera (Link); 8 Reishia bronni (Dunker); 9 Purpura 

bufo (Lamarck); 10 This name is not found in WoRMS. However, it is also named as Purpura clavigera (Kuster). Based on 

WoRMS, the accepted name should be Reishia clavigera (Küster); 11 Mancinella echinata (Blainville); 12 Not found in 

WoRMS. It is also named as Purpura gradate, Purpura trigona (Reeve) and Thais trigona (Reeve). Only Purpura trigona 

(Reeve) was found in WoRMS. The accepted name should be Indothais gradata (Jonas); 13 Thais (Thalessa) virgata 

(Dillwyn); 14 Reishia luteostoma (Holten); 15 Indothais lacera (Born); 16 Menathais tuberosa (Röding). 
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The taxonomy of Muricidae species used in TCM are confusing, as many of the species names used 

in the two Chinese books “The Chinese herbal” and “Chinese Marine Materia Medica” are synonyms 

(not accepted) in World Register of Marine Species (WoRMS) (http://www.marinespecies.org/, last 

access 23/04/2015) (Table 7). Based on the genus names listed in “Chinese Marine Materia Medica”, 

there are seven genera (Ceratostoma, Chicoreus, Murex, Nassa, Purpura, Rapana, Thais) in the 

Muricidae family used in TCM. Since many synonyms have been used in the Chinese book, there are 

actually five additional genera (Indothais, Mancinella, Menathais, Reishia, Vokesimurex) of Muricidae 

family listed for use in TCM (Table 7). Similar to other traditional medicine, two or more Muricidae 

species within the same or different genera are often treated as the same TCM medicine, and used 

interchangeably for the same purpose (Table 7). Only the fresh meat of T. bufo, R. bezoar and R. venosa 

were claimed to be edible, which may be due to the prevalent toxicity of the choline esters in other 

Muricidae species, or perhaps just due to their small size. 

The most used body part of Muricidae species in TCM is the shell, although there are some records 

about uses of the fresh meat and operculum of R. bezoar and R. venosa (Table 7) [11]. The shell is often 

made into decoctions (extraction by boiling) and ingested, or ustulated (seared or burned) and ground 

into a powder to apply externally. The medicinal uses of Muricidae species are very diverse, including 

treating conditions such as insomnia, amnesia, spermatorrhea, uterine bleeding, leukorrhagia, strangury, 

stomach pain, dyspepsia, stomach and duodenal ulcer, dysentery, scrofula, goitre, pathopyretic ulcer, 

carbuncle, furuncle, otitis medium, ophthalmalgia, nebula, chronic osteomyelitis, spastic muscles, 

hepatic coma, phlegm and cough. These claimed therapeutic effects in TCM may be contributed by some 

of the biologically active chemical compounds in Muricidae species described above. Calcium carbonate 

from the shell may help alleviate stomach acidity directly, but may also provide a medium for the 

delivery of other trace Muricidae bioactive compounds, such as bromoisatin and indirubin. However, no 

studies have specifically investigated the bioactive components in the shell of these snails, or the specific 

TCM medicines containing Muricidae preparations. Nevertheless, there is some commonality between 

TCM and the Ancient Mediterranean and Middle Eastern uses of these snails for treatment of stomach 

pain, ulcers, tumors and eye problems. Of particular interest is the reoccurring use of Muricidae in 

different cultures to treat menstrual problems, including uterine pain and leukorrhea. These traditional 

uses may have provided the foundation for the Murex homeopathic remedy. 

5.3. The Murex Homeopathic Remedy 

Despite much controversy over their use [157], globally there remains a widespread, growing market 

for homeopathic medicines [158]. A homeopathic remedy manufactured from the purple dye secretions 

of the hypobranchial glands from Hexaplex (Murex) trunculus and Bolinus (Murex, Purpurea) brandaris 

is regularly prescribed by clinical homeopaths and has been part of the homeopathic Materia Medica 

since the late 1800 s [16,159]. Homeopathic remedies are considered more potent with higher dilution 

and succession (vigorous shaking). The Murex remedy is typically prescribed at 30C (dilution factor  

of 10−60) or 100C dilution [160]. At such high dilutions it is very unlikely that any of the bioactive 

compounds found in the hypobranchial glands remain (i.e., well above Avogadro’s number). Although 

homeopathic medicines are generally considered to be safe when administered at such ultra-high 

dilutions, toxicological aspects must be considered when using lower dilutions or the mother  
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tincture [158]. Traces of 6-bromoisatin have been detected in some batches of the 8X (10−8)  

dilution [104], and both 8X and 4C (10−4) Murex remedy can be purchased by any member of the public 

over the internet. 

Murex remedy is prescribed for a range of women’s health complaints from dysmenorrhea 

(reoccurring severe cramps and pain associated with menstruation) and premenstrual syndrome, to 

uterine cancer and prolapsed uterus [160,161]. Information about when to prescribe a particular 

homeopathic remedy is elicited in a process known as proving. These now involve a double blind and 

placebo controlled methodology, but in the nineteenth century, when information about the therapeutic 

use of homeopathic Murex was discovered, the proving involved giving a low dilution preparation (e.g., 

4C) to a small group of healthy women over 1–2 weeks and meticulously recording changes in their 

physical, mental and general well-being. The early provings with Murex were conducted by Petroz and 

Hering between 1841 and 1852 on seven women using the 4C dilution, with a further 2 women tested 

using the 200C dilution by Hering [24,162,163]. These provings are regarded as incomplete and have 

been further criticized because not all of the subjects were healthy [24]. Nonetheless, the provings 

elicited some indications for the Murex remedy which have been relied on ever since, including  

inter-menstrual bleeding, postmenopausal vaginal bleeding and discharge, as well as various  

abdominal pains and a sensation of heaviness in the uterus, particularly in women who are “highly 

sexed”, or have “crosswise pain, running from right ovary to left breast” and “profuse perspiration during 

menses” [162,164]. Lesser [163] points out that most of these symptoms were each only recorded by a 

single “prover”, although clinical experience of symptoms and conditions that have responded to Murex 

have been documented and add to the understanding of this homeopathic remedy [164,165]. 

Overall, there is currently a lack of scientific evidence to substantiate either the symptoms associated 

with Murex remedy in healthy women, or the efficacy of the treatment in unhealthy women.  

Despite being sourced from the hypobranchial gland of Muricidae where many biologically active 

compounds occur, the Murex homeopathic remedy is used at such high serial dilutions that it is very 

unlikely that any bioactive molecules remain in the therapeutic preparations. People with life-threatening 

conditions who choose homeopathy may put their health at risk if they reject or delay treatments for 

which there is proper scientific evidence for safety and effectiveness [158]. Consequently, future studies 

should consider the potential for developing a biologically active, alternative to the Murex remedy that 

can be subject to quality control and clinical testing for the treatment of Women’s problems. This may 

involve trialling nutraceutical formulations containing non-toxic doses of Muricidae hypobranchial 

gland extracts, containing muscle relaxing, pain killing choline esters, anti-inflammatory and analgesic 

isatins and the anticancer and steroidogenic modulating indoles. 

6. Conclusions 

Overall there is good evidence that the Muricidae family of marine molluscs produce secondary 

metabolites with a range of pharmacologically interesting properties. They also have a long history of 

use in traditional medicines across a number of human cultural groups. However, these traditional 

medicines are relatively rarely used and have never been tested for efficacy in clinical trials. 

Furthermore, the specific decoctions prepared from Muricidae for medicinal purposes have not been 

chemically analysed. Nevertheless, there are some interesting commonalities in the traditional 
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therapeutic uses and the bioactive properties of Muricidae that warrant further investigation.  

In particular, preparations used for wound healing, inflammation, pain and menstrual problems should 

be investigated for biologically active concentrations of indole derivatives and choline esters. 

The species specificity and relatively rare use of the whole Muricid body in traditional medicines 

could be in part explained by the relative composition of choline esters, such as the toxic tigloylcholine 

relative to murexine. The efficacy of different species may also be influenced by the specific indoxyl 

sulfate precursors present and the proportion that are brominated, as well as the oxidative reactions and 

stabilisation of compounds in the different therapeutic preparations. Given the development of modern 

molecular methods for Muricidae taxonomy and analytical chemistry procedures for separating, 

identifying and quantifying the bioactive compounds, it should be possible to optimise the selection and 

extraction of Muricidae species for the development of an improved natural medicine. As for all 

complementary and alternative medicines, any new Muricidae nutraceutical would need to be subjected 

to rigorous scientific efficacy and safety testing and monitored for quality control. 
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