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Abstract. 

Background:  Using molecular modeling simulations and Albino mice model 

,accumulating evidence indicates a role for Ciguatoxins (CTXs) in protecting from many 

neurological problems mainly pathognomonic features of postingestion paraesthesiae, 

dysaesthesiae, heightened nociperception pruritis, arthralgia, myalgia, cerebellar dysfunction, 

neuropathy and polymyositis.  Evidence shows that Echium angustifolium Mill constituents can 

be used to prevent CTX toxicity.  Further chemical synthesis of analogues and in vivo studies, 

were necessary to substantiate the obtained results.  The aim of the study is to explore the effect 

of Echium angustifolium Mill constituents on ciguatoxins toxicity produced by microalgae 

(dinoflagellate, Gambierdiscus spp) using molecular modelling strategy and in vivo mice model. 

Methods:  A total of 30 adult male Swiss albino mice (2 to 2.6 months old, N=6) were 

randomly divided into five groups and treated orally as follows.  The first five group received 

only 200 μl (0. 2 g/ml) of the CTXs extract (LD50 0.45μg/ kg, in mice).  Groups 2 -5 were given 

an equivalent amount of extract with 100 μl, 200μl, 300μl and 400μl of aqueous Echium 

angustifolium Mill extract orally (0.043 g/ml), respectively.  The number of deaths was recorded 

within twenty-four hours.  Similar experiments were conducted with liver, brain and viscera 

extracts using groups 6 to 20.  Molecular modeling as a tool was used to aid the understanding 

of the fundamental concepts of structure-activity relationships, and to elucidate the mechanism 

of action of experimental Echium angustifolium Mill constituents with the ciguatoxins toxicity.  

The physico-chemical properties as well as three-dimensional visualization of electronic and 

steric molecular properties elucidation of the interaction between Echium angustifolium Mill 

constituents and macromolecules target sodium (Na
+
) and potassium (K

+
) voltage-gated 

channels can be calculated and/or suggested by molecular modeling programs. Molecular 



dockings of Echium angustifolium Mill components with (sodium (Na
+
) and potassium (K

+
) 

voltage-gated channels) were accomplished by Auto Dock 4.2 software. 

Results:  The Sarpa salpa toxin introduced to the experimental mice, caused different 

histopathological effects on the four different tissues and different LD50 values.  The mice 

affected by the toxin exhibited typical signs of neurotoxin disorders including hypothermia, 

considerably reduced locomotors activity during the first three hours and eventually breathing 

failure showing a significant difference in toxicity between the four extracts.  Clearly, the 

concentrations of toxins in organs were different and can be ranked in ascending order; flesh, 

brain, liver, and lastly the viscera extract.  The Echium angustifolium Mill aqueous extract 

significantly increases mean survival time up to 5±1 days and protects animals from death if 

compared with the control.  Echium angustifolium Mill aqueous extract if used at a higher dose 

was found to be more effective against Sarpa salpa toxin.  The binding energies of Echium 

angustifolium Mill constituents to voltage-gated Na
+
 (6AGF) and K

+
 (1BL8) channels obtained 

by the molecular docking strategy are significant.  The modeling studies show that there are van 

der Waals, hydrogen bonding and electrostatic interactions between Echium angustifolium Mill 

constituents with voltage-gated channels. 

Conclusion:  Ciguatera fish poisoning is seafood intoxication due to the consumption of 

tropical coral reef fishes that have built up CTXs in their tissues.  Echium angustifolium Mill 

aqueous extracts exhibit a positive activity in treating CTX toxicity.  The results indicated that 

Echium angustifolium Mill constituents form hydrogen bonds with active sites of Na
+ 

and K
+
 

channels and protect the mice from CTX toxicity.  The positive activity in mice suggests a 

promising detoxifying action caused by ciguaintoxication. 

Keywords:  Echium angustifolium Mill aqueous extracts inhibitor, CTXs toxicity. 

 

 

 

 

  



كتريبق نسًية  (Echium angustifolium Mill)حُة انعمرة تأثير انًستخهص انًبئي نُببت

ًُهك.و انًُذخة اندزيئيةبأستخذاو  CTXs (Ciguatoxins) سيدىاتىكسيٍ  ًَبدج انفئراٌ ان

 ؤف عثًبٌ انغريبَيوعبذانر

 (2020-2021) خبيعة طرابهس

 د يسعىد سبنى يعًر )يشرف أول(

 (بٌثلبببج )يشرف  يصببذ ا.د.عبذانفتبذ

 

 انًستخهص

َُهق  واىزدبسة عيٍ فٍ اىدبّت اىْظشٌ ٍسبمبح اىَْزخخ اىدضَئُخسزخذاً أث: تًهيذ فٍ اىدبّت اىفئشاُ اى

اىعصجُخ  الأضطشاثبدفٍ اىعذَذ ٍِ ىه دوس Ciguatoxins (CTXs) سُدىارىمسُِ أُرشُش اىْزبئح ث ،اىعَيٍ

وأىٌ اىَفبصو،  زَُْو، وخيو اىسس، واىزهبة اىسنخ اىشذَذح،اىاىىخض وفٍ ، وصفخ أعشاضه ٍثَزيخ ثشنو سئُسٍ

ّجبد  ٍسزخيصرشُش اىذلائو إىً أّه ََنِ اسزخذاً   والأىٌ اىعضيٍ، واىخيو اىىظُفٍ اىَخُخٍ، واىزهبة الأعصبة.

اىهذف  لإثجبد اىْزبئح اىزٍ رٌ اىسصىه عيُهب.   .CTXىَْع سَُخ  Echium angustifolium Mill زْخ اىعقشة

 ٍبدح عيً سَُخ Echium angustifolium Mill زْخ اىعقشةّجبد  ٍسزخلاصبدٍِ اىذساسخ هى اسزنشبف رأثُش 

( dinoflagellate  ،Gambierdiscus sppاىزٍ رْزدهب اىطسبىت اىذقُقخ ) ciguatoxins سُدىارىمسُِ

 اىفئشاُ . اخزجبساىَْزخخ اىدضَئُخ و ثشاٍحثبسزخذاً 

( N = 6شهشًا ،  2.6إىً  2)ٍِ ٍِ اىعَش ٍِ اىفئشاُ اىزمىس اىجبىغُِ  30رٌ رقسٌُ   :طرُق انعًمانًىاد و

اىَدَىعبد اىخَس مو  ُذطأع  عِ طشَق اىفٌ عيً اىْسى اىزبىٍ. أعطبهب اىدشعبدإىً خَس ٍدَىعبد ورٌ 

  فٍ اىفئشاُ(. مدٌٍُنشوغشاً/ LD50 0.45) CTXs ٍبدح خٌ/ٍو( ٍِ ٍسزخيص 2. 0ٍُنشوىزش ) 200الأوىً 

اىَبئٍ  Echium angustifolium Mill  زْخ اىعقشةّجبد  ٍسزخيصمَُخ ٍنبفئخ ٍِ  5- 2د أعطُذ اىَدَىعب

 ،خٌ/ٍو( 0.043ٍُنشوىزش ) 400ٍُنشوىزش و  300ٍُنشوىزش ،  200ٍُنشوىزش ،  100 ثدشعبدعِ طشَق اىفٌ 

  عيً اىزىاىٍ.

ٍسزخيصبد اىنجذ رٌ إخشاء ردبسة ٍَبثيخ عيً و د اىىفُبد خلاه أسثع وعششَِ سبعخ،رٌ رسدُو عذ 

سبعذح فٍ فهٌ ٍاىَْزخخ اىدضَئُخ مأداح  ذٍسزخذ  وأ  .20إىً  6واىذٍبغ والأزشبء ثبسزخذاً اىَدَىعبد ٍِ 

 Echium angustifolium  زْخ اىعقشةّجبد ، ورىضُر آىُخ عَو ٍنىّبد  ثُِ اىجُْخ واىْشبط اىعلاقبد الاسبسُخ

Mill سُدىارىمسُِ ٍع سَُخ ciguatoxins .  ًََنِ أُ رنىُ اىخصبئص اىفُضَبئُخ واىنَُُبئُخ ثبلإضبفخ إى

اىزفبعو ثُِ رأثُش ودسخخ ىضُر زرقىً ث ىخصبئص اىدضَئُخ الإىنزشوُّخ واىفشاغُخ اولأثعبد ااىثلاثٍ اىزصىس 



ىقْىاد ثىاثبد اىدهذ واىدضَئبد اىنجُشح اىَسزهذفخ  Echium angustifolium Mill زْخ اىعقشةّجبد ٍنىّبد 

Na)ىيصىدَىً 
+

( واىجىربسُىً )
+

K) . عَورٌ   َقزشذ ثىاسطخ ثشاٍح اىَْزخخ اىدضَئُخ.اىأو /و أسزطعْب زسبةو 

Na)اىصىدَىً ٍع قْىاد  Echium angustifolium Mill  زْخ اىعقشةّجبد الإسسبء اىدضَئٍ ىَنىّبد 
+

 و (

)اىجىربسُىً 
+

K)  راد ثىاثبد اىدهذ ثىاسطخ ثشّبٍحAuto Dock 4.2. 

ٍَب اىَعَيُخ  عيً اىفئشاُ Sarpa salpa سبسثب سبىجب أخزجبساىسٌ اىَسزخيص ٍِ أّسدخ سَنخرٌ   :ُتبئحان

ىيسَىً اىعصجُخ ثَب  أعشاض ٍشضُخاىسٌ اىزً أعطُذ هذا ٍخزيفخ.  أظهشد اىفئشاُ اىَصبثخ  LD50 ّزبئحأدي إىً 

خلاه اىسبعبد اىثلاس الأوىً وفشو  اىْشبط اىسشمٍمجُش فٍ  رضبؤهفٍ رىل اّخفبض دسخخ زشاسح اىدسٌ ، و

.  ٍِ اىىاضر أُ اىَسزخيصخ ٍِ اىسَنخ الأسثعخ لاّسدخاىزْفس فٍ اىْهبَخ ٍَب أظهش اخزلافبً مجُشًا فٍ اىسَُخ ثُِ ا

ٍخزيفخ وََنِ رشرُجهب ثزشرُت رصبعذٌ؛ اىيسٌ واىذٍبغ واىنجذ وأخُشًا خلاصخ رشمُضاد اىسَىً فٍ الأعضبء مبّذ 

 Echium angustifolium Mill زْخ اىعقشةىْجبد .  َضَذ اىَسزخيص اىَبئٍ زشمُضاىوهٍ الأقىي فٍ  الأزشبء

ب وَسٍَ اىس 1±  5ثشنو مجُش ٍِ ٍزىسظ وقذ اىجقبء عيً قُذ اىسُبح ززً  ًٍ ٍب قىسّذ  ُىاّبد ٍِ اىَىد إراَى

بئٍ إرا رٌ اسزخذاٍه ثدشعخ اىَ Echium angustifolium Mill زْخ اىعقشةّجبد َسزخيص اى.  ثَدَىعخ اىزسنٌ

 Echium زْخ اىعقشةّجبد رعذ طبقبد اىشثظ ىَنىّبد   .Sarpa salpa سٌَنىُ أمثش فعبىُخ ضذ أعيً سىف 

angustifolium Mill   ىقْىادNa
+
,6AGF)و )) K

+
,1BL8 قىَخ  ثىاثبد اىدهذ اىزٍ رٌ اىسصىه عيُهب( راد

فبُ دَش  van der Waals رظهش دساسبد اىَْزخخ أُ هْبك سواثظ ثىاسطخ اسزشارُدُخ الاىزسبً اىدضَئٍ.  الاسرجبط

ٍع  Echium angustifolium Mill  زْخ اىعقشةّجبد هُذسوخُُْخ ورفبعلاد مهشوسزبرُنُخ ثُِ ٍنىّبد واه اى

 مهشثبئٍ.دهذ اىقْىاد 

هى رسٌَ اىَأمىلاد اىجسشَخ ثسجت اسزهلاك أسَبك اىشعبة  ciguatoxins سُدىارىمسُِسَُخ   :انخلاصة

 Echium  زْخ اىعقشةّجبد رظُهش اىَسزخيصبد اىَبئُخ   فٍ أّسدزهب. CTXsاىَشخبُّخ الاسزىائُخ اىزٍ رشامَذ 

angustifolium Mill   ّشبطًب إَدبثُبً فٍ علاج سَُخCTXs.   زْخ اىعقشة ّجبد أشبسد اىْزبئح إىً أُ ٍنىّبد 

Echium angustifolium Mill رشنو سواثظ هُذسوخُُْخ ٍع ٍىاقع ّشطخ ىقْىاد Na
+

K و 
+

رسٍَ اىفئشاُ و 

 سُدىارىمسُِ ثسجت رسٌََشُش اىْشبط الإَدبثٍ فٍ اىفئشاُ إىً إخشاء واعذ لإصاىخ اىسَىً   .CTXٍِ سَُخ 

ciguatoxins. 

، ٍثجظ ىسَُخ  Echium angustifolium Mill ،زْخ اىعقشةّجبد  ،اىَسزخيص اىَبئٍ :انذانةانكهًبت 

 .CTXs سُدىارىمسُِ
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Chapter 1. Introduction 

The toxin is a poisonous substance produced within living cells or organisms.  It 

causes harm to organisms when sufficient quantities are absorbed, inhaled or ingested.  

Some poisons make an organism sick, others may cause it to die and yet others may 

lead to subtle changes in health that may not be noticed for years. 

Toxicology is the study of harmful effects of chemicals on living organisms.  For 

example, dioxins, some pesticides and nerve gases are poisonous manufactured 

chemicals, whereas, belladonna, Botulinum and Tetrodotoxin and Ciguatoxins. 

The poisonous are naturally produced chemicals.  There are also poisonous 

substances that occur naturally in the ground, such as asbestos and lead.  The venom 

contains toxins that are injected by a bite (for example, from a spider) or snakes (for 

example, from a wasp) to cause their effect. 

Venom is defined as a substance produced in glands of snakes, spiders, scorpions, 

centipedes, wasps, bees, etc., and endowed with the means of injecting toxic substances 

into the aggressor or prey through stings or teeth, which can be solid, grooved or 

canaliculated. Conversely, poison, in general, is used solely for defense and refers to 

substances produced by animals like amphibians (Mailho-Fontana et al., 2020). 

The poisonous toad Rhinella icterica has honeycomb- like internal architecture of 

the parotoid, where each alveolus accommodates a large poison gland.  Taking into 

account the existence of other types of toxin production and delivery mechanisms that 

do not perfectly fit the definitions of venom or poison, (Nelsen et al., 2014).  Toxungen 

was coined to describe poisonous biological fluids given to the victim's body surface 

without an accompanying wound.  "Whereas poison distribution is largely passive and 

relies mostly on the victim's efforts to introduce the toxins, Toxungen delivery is 

dependent on actions made by the toxic organism," the scientists add‖.  This group 

includes the fire salamander (Salamandra salamandra), spitting snakes (Naja spp. and 

Hemachatus haemachatus), the Texas horned lizard (Phrynosoma cornutum), and 

invertebrates like bombardier beetles (family Carabidae) (Nelsen et al., 2014). 
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Poisons and venoms are both poisonous compounds that, while they enter the 

victim's body in different ways, share the same mechanism of action.  Venom is defined 

as a chemical generated in the glands of snakes, spiders, scorpions, wasps, bees, and 

other insects and capable of being injected by stings or teeth that can be solid, grooved, 

or hollow.  By contrast, poison, in general, acts only for defense and refers to substances 

produced by animals such as amphibians (Mailho-Fontana et al., 2020).  They do not 

have injection mechanisms, depending exclusively on the work of the aggressor.  

Poisons in animals also consist of glands (or stored in reservoirs), which run through the 

mucous membrane, especially the oral mucosa, or directly through healthy skin but 

what happens in CTX is the toxins are passed on to the food chain and after they reach 

an adequate concentration they incite human poisoning known as ichthyosarcotoxism 

(Nelsen et al., 2014; Zhang 2015).  Toxins may be classified as exotoxins (those 

excreted by an organism, for example, bufotoxin) or endotoxins (toxins that are 

structurally part of bacteria, for example, botulinum). 

An example of the most toxic compound is the toxic substance botulinum, which 

is produced by bacteria. Clostridium botulinum, is a million times more deadly than the 

most deadly manufactured compound dioxin.  Botulinum is the compound that is used 

in Botox® a popular method of reducing wrinkles from the skin.  The toxin blocks 

nerve impulses and temporarily paralyses the muscles that cause wrinkles, giving the 

skin a smoother appearance.  Botulinum is also used for medical procedures such as the 

treatment of muscle spasms.  Toxins cause harm to organisms when the toxic compound 

comes in contact with or is absorbed by body tissues.  These compounds interact with 

parts of the body.  Toxins vary greatly in the severity of their effect, ranging from minor 

but acute (bee stings) to almost immediately deadly (botulinum) (Nelsen et al., 2014).  

Some food can contain harmful natural occurring toxins which may lead to 

adverse reactions in humans and have a carcinogenic effect.  The human being is 

exposed to several types of toxins in the surrounding environment, including food 

toxins that cause him many diseases to the point of death, and these types of marine 

toxins that reach him through the food chain such as Ciguatera Fish Poisoning and 

Ciguatera food poisoning; Ciguatera is an unusual form of food poisoning most 
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typically caused by fish that live in warm ocean waters.  The poisoning is caused by 

eating fish containing the ciguatera toxin.  The contaminated fish have eaten smaller 

fish that eats the algae that shelter a tiny organism responsible for producing a toxin that 

causes ciguatera (Nelsen et al., 2014). 

Ciguatera Fish Poisoning is the most often reported seafood poisoning globally, 

causing significant physical and functional effects in people.  Ciguatera toxins CTXs are 

lipid-soluble, heat-stable cyclic polyethers generated by Gambierdiscus toxicus, a 

dinoflagellate found in marine benthic algal plankton (Achaibar et al., 2007). 

Ciguatera Fish Poisoning is a problem originally occurring tropical and 

subtropical Pacific and Indian Ocean regions, and in the tropical Caribbean (Lehane & 

Lewis 2000) CFP is a problem originally occurring in tropical and subtropical Pacific 

and Indian Ocean regions, and in the tropical Caribbean (Lehane 2000; Lewis 2001). 

Fishes that cause CFP are those that inhabit warm seas around the world, 

particularly in the vicinity of coral reefs (Stewart et al., 2010).  Herbivorous fish and the 

macrophytic algae on which it lives devour the microalgae.  Toxins are transferred via 

the food chain, and when they reach a high enough concentration, they cause 

ichthyosarcotoxism, a type of human poisoning.  Contaminated seafood is difficult to 

distinguish by odor, sight, or taste, making it difficult to avoid. 

All fish species associated with coral reefs may be hazardous, especially those at 

the top of the food chain (sea perch, groupers, barracudas, sharks, moray eels, and so on 

(Grant 1997).  With no treatment for this poisoning, research and work had to be done 

to find an antidote to this poison. It was noticed at the local level that there is a folk 

remedy where a local seasonal plant works to stop the effect of scorpion venom called 

Echium angustifolium Mill scorpion henna, which made us study the effect of the water 

extract of this plant on marine toxins.  To emphasize these common popular concepts 

Echium angustifolium Mill (family: Boraginaceae) is a Mediterranean wildflower found 

in Libya, Algeria, Tunisia, Greece, and other Mediterranean countries. 

The plant includes Allantoin and pyrrolizidine alkaloids (including Heliosupin), 

phenolic acid derivatives, flavonoids, and other substances with a variety of biological 
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actions, yet it is only mildly poisonous to small warm-blooded animals.  It is not 

harmful to humans, because sheep's stomachs neutralize the active elements.  This 

medicinal herb is used as a diuretic, anti-inflammatory, astringent, and antirheumatic in 

small dosages.  However, long-term consumption may cause liver damage or be 

carcinogenic (Pan et al., 2018) The results of molecular docking can be used to guide 

and develop a wide range of investigations (Inserra et al., 2017).  Hesperidin on Na
+
 

voltage-gated channels and Ellagic acid on K
+
 voltage-gated channels were explored 

among all the compounds tested utilizing molecular modeling against CTX. 

The findings demonstrated that the elements of Echium angustifolium Mill 

establish hydrogen bonds with the active sites of Na
+
 and K

+
.  The ability of an aqueous 

extract of Echium angustifolium Mill to lessen or revoke the effect of CTXs in mice was 

tested in this study.  The interaction of Echium angustifolium Mill aqueous extract with 

CTXs may result in CTXs' actions being neutralized or inhibited 

Hesperidin on Na
+
 voltage-gated channels and Ellagic acid on K

+
 voltage-gated 

channels were explored among all the compounds tested utilizing molecular modeling 

against CTX.  The findings demonstrated that the elements of Echium angustifolium 

Mill establish hydrogen bonds with the active sites of Na
+
 and K

+
.  The ability of an 

aqueous extract of Echium angustifolium Mill to lessen or revoke the effect of CTXs in 

mice was tested in this study.  The interaction of Echium angustifolium Mill aqueous 

extract with CTXs may result in CTXs' actions being neutralized or inhibited. 

1.1. Aims and objectives. 

The aim of this study is to explore the effect of Echium angustifolium Mill 

constituents on ciguatoxins toxicity produced by microalgae (dinoflagellate, 

Gambierdiscus spp.) using molecular modelling strategy and in vivo mice model.  One 

of the therapeutic strategies for neutralizing the ciguatoxins toxic components (agonists 

at receptors on voltage-gated channels) comes from the knowledge of the mechanism of 

action of the different types of ions channel agonists and this strategy can aid in 

developing drugs with greater specificity and effectiveness. In this context, natural 

products such as Echium angustifolium Mill present itself as formidable ion channel 
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protector.  They are a promising source for adjuvant molecules in combination therapies 

and may minimize ciguatoxins damage prior to the patient reaching the hospital.  

Through testing on the theoretical side using Swiss ADME Programs, it was 

found that there is no toxicity in the components of Echium angustifolium Mill extract. 

The simulation process was carried out using Auto Dock 4.2 software. It was found that 

the strength of the association between the sodium and potassium gate and plant 

components is stronger than CTX good results. 
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Chapter 2 Literature Review 

2.1 Ciguatoxins. 

2.1.1 History. 

Ciguatoxins poisoning has been documented since the Tang Dynasty (AD 618 to 

907), (Achaibar et al., 2007; Goodman et al., 2013; Gingold et al., 2014).  Many 

conventional methods for identifying toxicity in fish, such as discoloration of silver and 

copper metals or flies and ants aversion, have been debunked(Lange et al., 1992). 

2.1.2 Ciguatoxins chemistry. 

Multiple CTXs have been discovered and are often used.  CTXs is a word used to 

describe a group of chemicals (Yasumoto 2001).  The chemistry and biological function 

of natural marine toxins Maitotoxin MTX, lysophosphatidylcholine, scaritoxin, and 

CTX-associated adenosine triphosphatase inhibitor are some of the other chemicals that 

may be involved in ciguatera toxicity.  CTX is a crystalline, colorless, lipophilic, heat-

stable substance that can't be frozen or cooked away (Yasumoto 2001; Achaibar et al., 

2007; Barrett et al., 2017) (Figure1). 

2.1.3 Dosing. 

Dosing recommendations for ciguatera toxin are unavailable due to a lack of proof 

of any clinical application.  CTXs concentrations in fish ingested as meals have not 

been shown to be safe (Friedman et al., 2008; Dickey & Plakas 2010). 

2.1.4 Uses and Pharmacology of Ciguatoxins. 

Ciguatoxins major pharmacologic activity is to cause persistent depolarization and 

current leakage by increasing cell permeability to sodium via voltage-gated sodium 

channels in cell membranes (Dickey & Plakas 2010; Friedman et al., 2017).  CTX's 

major pharmacologic activity is to cause persistent depolarization and current leakage 

by increasing cell permeability to sodium via voltage-gated sodium channels in cell 



 

7 

 

membranes, (Friedman et al., 2017).  The action of Anti-cholinesterase activity and 

cholinomimetic action are said to be involved in the mechanism of action in humans.  

The Ciguatoxins CTX3C has been chemically synthesized, allowing for more research 

into its mechanism of action (Hirama 2005). 

2.1.5 Pregnancy/Lactation. 

Several published case reports of ciguatera poisoning during pregnancy claim that 

baby symptoms began at the same time as the mother.  Tumultuous fetal movements 

and an intermittent, strange fetal shivering were among the symptoms.  There appeared 

to be no long-term repercussions from CTX exposure in any of the live born infants 

(one fetus was aborted during the acute phase of poisoning); however, long-term 

detrimental effects could not be ruled out in one infant exposed just before birth.  

Ciguatera toxin is secreted in breast milk, and infants who were breastfed during their 

illness experienced (GI) and pruritic symptoms.  To avoid symptoms in breast-feeding 

newborns, breastfeeding should be stopped (Pearn et al., 1982). 

2.1.6 Toxicology. 

Ciguatoxins are among the most toxic marine toxins known to science, with a 

median intraperitoneal fatal dosage (LD 50) of 0.45 g/kg in mice (corresponding to 2 to 5 

g of original fish meat) (Friedman et al., 2017).  CTXs have been linked to negative 

effects at doses as low as 0.1g/kg. in mice   . (Friedman et al., 2017).  CTXs fish have a 

normal appearance, smell, and taste. Freezing or frying does not neutralize the poison.  

In human samples, there are no good biomarkers for determining toxin 

exposure.(Friedman et al., 2008; Boada et al., 2010).  Methods for identifying CTXs in 

fish have, however, been established (Dickey & Plakas 2010).  The most extensively 

used assay for detecting CTXs in fish is the mouse bioassay (Friedman et al., 2008).  

CFP has a wide range of symptoms; diagnosis is based mostly on clinical signs and 

symptoms, as well as a history of fish consumption (Achaibar et al., 2007; Boada et al., 

2010b; Goodman et al., 2013). 

In mice, there have been changes in electroencephalogram activity (Kumar et al., 

2017).  GI effects (nausea, vomiting, diarrhea), neurologic effects (numbness, tingling, 
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joint pain, headache, disorientation, temperature inversion [cold objects seem hot]), and 

cardiovascular effects (dysrhythmia, elevated heart rate, hypotension) are some of the 

symptoms (Goodman et al., 2013).  Shock, muscle paralysis, and, in rare situations, 

death may result in severe cases (Pottier et al., 2001). 

Symptoms normally develop 1 to 6 hours after intake; however, the time it takes 

for symptoms to appear varies widely, with studies finding start times ranging from less 

than 1 hour to 48 hours (Achaibar et al., 2007; Friedman et al., 2008; Goodman et al., 

2013).  Neurological symptoms can last for weeks or months, and a tiny percentage of 

people who are afflicted acquire chronic ciguatera, a multisystem chronic condition 

(Pottier et al., 2001).  Patients should avoid seafood and alcohol for 3 to 6 months 

during their recovery period (Achaibar et al., 2007; Friedman et al., 2008; Goodman et 

al., 2013).  CTXs toxicity has no antidote; treatment consists on adequate rehydration as 

well as symptomatic and supportive therapies. 

The well-studied treatment for CFP toxicity is mannitol.  Mannitol's action is 

assumed to be achieved by the osmotic decrease of neuronal edema; it may also serve as 

a scavenger of free radicals created by CTXs, lowering CTX's effect on sodium and/or 

potassium channels.  Mannitol should only be administered as an osmotic diuretic in 

sufficiently hydrated individuals (Friedman et al., 2008). 

2.1.7 Herbal treatment of Ciguatoxins. 

The cytotoxicity of mouse neuroblastoma cells induced by ouabain, veratridine, 

and/or brevetoxin-3 or Pacific ciguatoxin-1 was examined using 31 plant extracts, the 

majority of which are historically used to treat ciguatera fish poisoning in the Pacific 

area.  A quantitative colorimetric approach was used to measure cell viability. Seven of 

the 31 plant extracts analyzed showed significant cytotoxicity.  Despite this, active 

compound(s) against brevetoxin (2 extracts), brevetoxin, ouabain, and/or veratridine (3 

extracts), or just against ouabain and/or veratridine cytotoxicity was suspected in these 

plant extracts (2 extracts).  22 of the 24 plant extracts that showed no cytotoxicity on 

their own were efficacious against the effect of brevetoxin or combined veratridine and 

brevetoxin (Loeffler et al., 2021). 
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 When the seven most active plant extracts were retested with CTXs instead of 

brevetoxin, similar findings were observed.  In conclusion, the present work reports the 

first activity assessment of some plant extracts, achieved in vitro on a quite large scale.  

The fact that 27 plant extracts were found to exert, in vitro, a protective effect against 

the action of CTXs and/or brevetoxin, paves the way for finding new active compounds 

to treat ciguatera fish poisoning, provided these compounds also reverse the effects of 

sodium channel activators Finally, the current study presents the first in vitro activity 

assessment of various plant extracts on a wide scale.  The discovery of 27 plant extracts 

that protect against the action of CTX and/or brevetoxin in vitro opens the door to the 

development of novel active compounds to treat CFP, provided that these compounds 

also reverse the effects of sodium channel activators (Wong et al., 2005; Goodman et 

al., 2013). 

2.1.8 Ciguatoxins mechanisms of action. 

Activation of neuronal voltage-sensitive Na
+
 channels and inhibition of K

+
 

channels, leading to neuronal excitability, and increased neurotransmitter release. 

Elevation of intracellular calcium ion concentration and in addition, causing 

edema of axons and Schwann cells leading to repetitive action potentials. 

2.1.9 Ciguatera Fish Poisoning  

The Ciguatera Fish Poisoning )CFP( most commonly observed seafood 

intoxication in humans has a significant physical and functional impact.  CFP toxins are 

lipid-soluble, heat-stable cyclic polyether‘s generated by Gambierdiscus spp' toxicus, a 

kind of dinoflagellate found in marine benthic algal plankton.  Herbivorous fish, as well 

as the macrophytic algae on which it lives, devour the microalgae.  Toxins are 

transferred via the food chain, and when they reach a high enough concentration, they 

cause ichthyosarcotoxism, a kind of human poisoning.  Contaminated seafood is 

difficult to distinguish by odor, sight, or taste, making it difficult to avoid.  All fish 

species associated with coral reefs may be hazardous, especially those at the top of the 

food chain (seaperch, groupers, barracudas, sharks, moray eels, etc) (Chagas et al., 

2018). 



 

10 

 

Several ciguateric toxins have been identified to be involved in the etiology of 

ciguatera fish poisoning.  CTXs and Maitotoxin MTX are the two main poisons 

(Friedman et al., 2008; Chagas et al., 2018).  CTX, a potent marine toxin that is 

unaffected by freezing or heating, with an LD50 of 0.45g/kg in mice Intraperitoneally 

(i.p.) (Boada et al., 2010a; Kryuchkov et al., 2020).  MTX is much more poisonous 

LD50 = 0.13g/kg, in mice (i.p.) and can be biosynthesized in Gambierdiscus toxicus 

cultures. 

Gam-bierdiscus toxicus, a tiny marine creature that grows on and near coral reefs 

in subtropical and tropical waters, produces CTXs and MTX.  Herbivorous fish 

consume Gambierdiscus toxicus, which eats bigger carnivorous fish, and both poisons 

get more concentrated as they go up the food chain.  CTXs and MTX are produced by 

Gam-bierdiscus toxicus, a small marine critter that lives on and around coral reefs in 

subtropical and tropical seas.  Gambierdiscus toxicus, which consumes larger 

carnivorous fish, is consumed by herbivorous fish, and both toxins become more 

concentrated as they go up the food chain (Parsons et al., 2011).  CFP is a 

polymorphous emergency characterized by a wide spectrum of cardiovascular, 

gastrointestinal (GI), and neurological symptoms, including vomiting, nausea, diarrhea, 

ataxia, joint pain, reversal of temperature perceptions, coma, and death (47-480 hours) 

(Gillespie et al., 1986). 

Symptoms of gastrointestinal distress usually appear within twenty-four hours 

after ingesting ciguatera-toxin-contaminated fish. 

Even though mortality is uncommon (about 2%), entire recovery takes anything 

from a few days to a week in light intoxications to many weeks to months, if not years, 

in severe episodes (Barrett et al., 2017).  Aside from the availability of a particular 

immunological method for assessing toxins in seafood products, clinical diagnosis aids 

in the identification of persons who have consumed poisonous fish (Gillespie et al., 

1986; Blythe et al., 1992). 

Potentials CTXs cause neuronal excitability, increased neurotransmitter release, 

impaired synaptic vesicle recycling, increased intracellular calcium ion concentration, 
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and edema of axons and Schwann cells, all of which lead to spontaneous and repetitive 

action potentials (Lewis et al., 1999; Lehane 2000). 

 

 

 

 

Figure 1 Pacific ciguatoxin-1 (P-CTX-1) chemical structure (Hamilton et al., 2002). 

 

Ciguatera Fish Poisoning is the most frequent natural marine toxin-related 

sickness in the world; Symptoms include gastrointestinal, neurologic, and cardiac issues 

(Parsons et al., 2011). 

Poisonous fish that contain natural toxins called CTXs cause damage to humans
,
 

CTXs.  CFP happens when the poison spreads among fish and no storage, preparation, 

or cooking procedure can stop it.  CTXs are odorless, tasteless, colorless, heat-stable, 

and acid-stable for at least six months at commercial freezing temperatures of -2, -3 

degrees Fahrenheit.  As a result, preventing and managing CFP necessitates a 

comprehensive approach.  Microscopic algae are known as CTXs and their precursors 

generate CTXs and their predecessors (dinoflagellate, Gambierdiscus spp) 

Dinoflagellates are bottom-dwelling dinoflagellates (Grant 1997). 

They are commonly found in shallow tropical and subtropical seas, clinging to 

seaweeds, live and dead corals, and other substrates (i.e., surfaces).  CTXs production 

occurs in shallow coastal settings due to Gambierdiscus spp. for light and substrate 

(e.g., reefs, atolls) Oceanic fish that get their nutrition from pelagic (i.e., food chains 

that occur in open sea waters far from the shore) rather than shallow/coastal food webs 

are less sensitive to the buildup of contaminants CTXs. 
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Ciguatoxins are transmitted and processed across the food chain since 

Gambierdiscus cells are eaten by herbivorous fish, which are subsequently eaten by 

piscivorous fish, who are both eaten by humans.  It is thought that CTXs are bioaccu-

mulated and concentrated, with the greatest CTX concentrations seen in fish higher in 

the food chain (Silver et al., 2014; El Rokh et al., 2018) ( Figure 1).  Recent research 

from French Polynesia and Hawaii, on the other hand, show that for many species and 

families of fish, there is no correlation between fish size and ciguatera toxicity, 

suggesting that fish size alone is not a sufficient predictor of toxicity (Tiwari et al., 

2009; Dong et al., 2014).  Membrane Sodium channels are closed when the membrane 

potential of axons is at rest. 

Ciguatoxins molecules cause these channels to open at resting membrane 

potential, allowing sodium to flood in and depolarize the axonal membrane, resulting in 

spontaneous and recurrent action potentials (AP).  Normally, a regulated inflow of 

sodium is followed by an outflow of potassium, which keeps the axon electroneutral and 

facilitates water passage across the membrane (Mattei et al., 2010). 

Swelling at the nodes of Ranvier occurs when the dynamic mechanism of 

influx/efflux is disrupted by CTX (the unmyelinated sections of axons exposed to extra-

cellular fluid in myelinated axons) (Benoit et al., 1996).  The enlargement of the 

Ranvier nodes decreases sensorimotor conduction velocities and inhibits salutatory 

conduction along the axon (Lewis et al., 1999).  Body CTXs are rapidly absorbed from 

the gastrointestinal system and transported throughout the body, according to an animal 

laboratory study (Lewis 2001).  Furthermore, CTX-sensitive voltage-gated sodium 

channels have been discovered in all of the CFP-affected systems (i.e., brain, skeletal 

muscle, heart, peripheral nervous system, and sensory neurons) In addition; CTX-

sensitive voltage-gated sodium channels have been found in all (CFP)-affected systems 

(brain, skeletal muscle, heart, peripheral nervous system, sensory neurons). 

These pathways may have a role in the symptomatology of CFP (Benoit et al., 

2002; Yamaoka et al., 2004).  Cold allodynia, for example, might be caused by a CTX-

induced change in the voltage-gated sodium channels in A-delta and C fibers (Cameron 

& Capra 1993).  which convey thermal and pain signals via the spinal cord to the brain 
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(Cameron & Capra 1993).  Nerve conduction investigations in individuals with acute 

CFP show that both sensory and motor conduction are disrupted (Lewis et al., 1999).  In 

terms of the central nervous system, one animal investigation found that CTX delivered 

orally and intraperitoneally was detectable in the liver, muscle, and brain four days after 

treatment. 

Ciguatoxins has been shown to pass the blood-brain barrier.  This backs up the 

fact that the central nervous system is involved in human clinical situations of (CFP) 

(Friedman et al., 2017). 

2.1.10. Ciguatera Fish poisoning in the world. 

In the United States, 94 outbreaks (418 cases) have been reported to the Center for 

Disease Control and Prevention (CDC) through the national food-borne surveillance 

system from 1970 to 1980.  This is believed to be a much under-reported disease and 

therefore it is probable that the number of cases should be much higher (Morris, 1980).  

From 1983 to 1992 there were 129 outbreaks that involved 508 persons that were 

reported to the (CDC).  Several of these reports came from Hawaii (111) and Florida 

(10), but there were also sporadic reports from California, Vermont, New York and 

Illinois.  No deaths have been reported (Html 5).  19 In Australia 50-100 cases are 

reported each year and this is estimated to be about 20% of the actual cases.  There are 

usually not any reports of deaths but it is likely to be one every ten years in Australia 

(Lehane 2000).  Data have been collected from the years 1965 to 1988 and showed 617 

cases from 225 outbreaks.  The risk of being poisoned by eating coral trout (member of 

the Serranidae family), a fish often associated with ciguatera, is less than 1/5000 

(Lehane 2000). 

2.1.11. Maitotoxin. 

Maitotoxin (MTX) is a toxin that is often discussed concerning CFP.  It is a very 

potent toxin and it is present in some of the ciguatoxic fish and can be produced by the 

dinoflagellate G. toxicus.  The structure is shown in figure 2.  In the surgeon fish 

(Ctenonhaetus striatus), which is often associated with CFP, MTX is the dominating 

toxin in the alimentary tract.  Both MTX and CTXs are present in the liver but only 



 

14 

 

CTXs are present in the meat.  It is unlikely that MTX accumulates in the meat of these 

fish or that this causes human poisonings because of this poor accumulation and it‘s 

rather a low potency when administered orally (Lehane & Lewis 2000). 

Figure 2 shows the structure of MTX, is a toxin that can be involved in CFP 

(Pisapia et al., 2017).  In culture, G. toxicus may produce MTX but little or no CTX 

(Lehane 2000).  Different cultured strains of G. toxicus produce different types of MTX, 

with one strain only producing one single type. MTXs have up to 32 ether rings and 

even though they are analogous in structure they have no partial structure corresponding 

to CTX.  After intraperitoneal injection, MTX is much more toxic than CTX, but MTX 

is about 100 times less toxic than CTX, when administered orally (Lewis 2001). 

Figure 2 The structure of MTX, a toxin that can be involved in CFP(Nicolaou & Aversa 2011). 

2.2 Echium angustifolium Mill. 

2.2. 1 Taxonomic classification 

Kingdom : Plantae 

Division : Spermatophyta 

Calss : Dicotyledonae 

Order : Tubiflorae 

Family : Boraginaceae 

Genus : Echium 

Species : E. angustifolium Mill. 
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The family Boranginaceae of 100 genera and 2000 species, distributed chiefly in 

temperate and tropical regions of the world: represented by 23 genera and 53 species in 

Libya. 

The genus Echium L. (Boraginaceae) consists of 67 recognised species, 

represented in Libya by 12 species, which are native to North Africa, mainland Europe, 

and the Macaronesia region (the Azores, Madeira, Canary Islands, and Cape Verde). 

(Zohary, 1978). 

2.2.2. Description and morphology: 

 Perennial herb, 30 – 80 cm, grey, usually branched from base, all plant organs 

covered with dense hairs. Leaves linear or linear – lanceolate. Inflorescences rather 

short, terminal or axillary along branches; Corolla narrowly trumpet – shaped. 15 – 25 

mm, reddish purple – purplish violet, hairy all over the outside. Fruit nutlet, grayish, 

glossy, tuberculate, keeled on one side (Fig.3 a,b) (Qaiser, 1979)  

   

 

Figure 3.a. Habit of Echium angustifolium Mill 
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Figure 3.b. Branch of Echium angustifolium Mill 

2.2.3. Synonym (s) 

E. sericeum vahl. , 2, 35. 1791 : Durand & Barratte, l. c. 171; Pamp. l. c. 196; ll. 

cc. 383 : Keith, l. c. 447. 1965.: E. sericeum var. diffusum (Sibth & Sm. ) Boiss. Fl. Or. 

4 : 207. 1879 ; E. diffusum Sibth. & Smith, Fl. Grace. 2: 69 .i. 182. 1816: E. elegans 

Lehm. , Asperif. 459. 1818; ? E. distachyum Viv. , Fl. Libyc. Spec. 8 t. 5.  

2.2.4 Local name 

Hennat al agrab, idma, Twade Omi. 

2.2.5 life-form 

 Perennial erect herb. 

2.2.6 Reproduction 

 Flowering March to August , seeds. 
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2.2.7. Economic interest:  

From the side of medical use, Echium species can be used as folk medicine in 

Mediterranean region, utilised predominately for their sedative, anti-inflammatory, 

antioxidant, and anxiolytic properties, treating ailments including fissures of the hands, 

general abrasions, and even snakebites but unfortunately, the details for treatment of 

snake bites and cough is poorly documented, with no detail of preparations available 

(Sharma and Esler, 2008), (Konazewski. et al., 2012; Qaiser, 1979). 

2.2.8.Distribution:  

This species E. angustifolium is very common throughout Libya it can be found 

in Jebel Nefusa range, Gharyan to Nalut, Sirte, Jebel al-Akhdar , native to North Africa, 

mainland Europe, and the Canary Islands.  In general, they are hardy plants that adapt 

well to harsh environments. Due to their ability to grow and thrive in austere 

environments, they have particularly thrived in Australia, South Africa, and America. 

(Qaiser, 1979 ). 

2.3. Treatment of Ciguatera Fish poisoning. 

The treatment involves a 1g/kg intravenous infusion of 10 % or 20% mannitol 

solution over 30 minutes, given as soon as possible after CFP has been diagnosed.  

Some patients report a dramatic improvement in their neurological symptoms but some 

do not respond at all to the treatment.  The reasons for these differences are unknown 

and require further studying but can be related to how long after the meal the mannitol 

was administered or to the size of the given dose.  In non-responding patients, a second 

infusion is recommended (Friedman et al., 2007).  Mannitol does not remove the CTX 

in the molecule from its site of binding, but it reduces swelling of the Schwann cells, 

which is induced by the CTXs.(Lewis, 2001).  Australian studies show that the diuresis 

that normally follows an infusion of mannitol, does not appear when it is used to treat 

CFP.  The mannitol infusion should be administered as soon as possible but not until the 

patient is adequately hydrated (Stewart et al., 2010).    
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2.4 Prevention. 

When eating tropical fish from the affected regions, there is no certain way to 

avoid CFP since there is no simple way to detect the toxin.  The toxic fish is normal in 

taste and appearance and is therefore impossible to detect (Lehane 2000).  Still, there 

are a few precautions that can be taken to reduce the risk.  It is usually safer to eat many 

small servings (< 50 g) from several different fishes than to eat one large portion 

(>200g) from a single fish.  The concentration of CTXs in the liver, viscera and roe is 

usually high and consumption of these parts should therefore be avoided (Lewis et al., 

1999). 
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Chapter 3 Materials and Methods. 

Laboratory experiments were conducted in the research laboratories of the 

Department of Medicinal Chemistry, Faculty of Pharmacy-University of Tripoli. 

3.1 Materials. 

Table 1 show the equipment and consumables using the study. 

Table1 Tools used in the study. 

Used equipment The manufacturing company—Enterprise 

Kate‘s anatomy. Delta Med Surgical. (Pakistan). 

Gloves. Apex Glove Sdn.Bhd. (Malaysia). 

Syringes. Elver- (Turkey). 

Eppendorf tubes. Sigma-Aldrich (Germany). 

Whatman. (Filter paper) Sigma-Aldrich (Germany). 

Micropipette 1-1000 Exispin (Korea). 

 

3.1.1 Toxicity screening of the Echium angustifolium Mill components using Swiss 

ADME Programmers. 

Accessing http://www.swissadme.ch in a web browser displays directly the 

submission page of Swiss ADME, where molecules are to be estimated for ADME, 

physicochemistry, drug-likeness, pharmacokinetics, and medicinal chemistry 

friendliness properties can be input.  As shown in (Figure 4), a black toolbar at the top 

of the Web page allows the user to navigate within the different Swiss Drug Design 

tools.  A second bar gives admittance to dissimilar information regarding Swiss ADME, 

amongst which are the FAQ and Help pages as well as legal disclaimer and contacts.  

The ADME study was carried out using the SWISS ADME predictor.  This is a free 

web tool to evaluate the pharmacokinetics, drug likeness and medicinal chemistry 

friendliness of small molecules. 
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The target attention was accessing the molecules which fit into the rule of drug-

likeness.  The properties like the molecular weight of less than 500 g/mol, less than 5 

numbers of hydrogen bond donors, less than 10 numbers of hydrogen bond acceptors 

and less than 10 rotatable bonds were chosen as criteria, while the selection of 

molecules to be synthesized (Dong et al., 2014).  The search engine further gave a 

compiled result on lipophilicity and hydrophilicity of these molecules by integrating 

results obtained from various Log P and S prediction programs called ILOGP, 

XLOGP3, WLOGP, ESOL, and SILICOS-IT. Log P, a measure of lipophilicity of the 

molecule is the logarithm of the ratio of the concentration of drug substance between 

two solvents in a unionized form. 

The Lipinski rule prescribes an upper limit of 5 for druggable compounds.  The 

lower the log P values the stronger the lipophilicity of the chemical substance.  The 

aqueous solubility of a compound significantly affects its absorption and distribution 

characteristics.  On the other side, low water solubility goes along with bad absorption, 

and therefore, the general aim was to avoid poorly soluble compounds.  Log S is a unit 

of expressing solubility in itself, which is the 10-based logarithm of the solubility 

measured in mol/L.  Distribution of Log S in traded drugs reveals a value somewhere 

between -1 to -4, will be optimized for better absorption and distribution of drugs in the 

body.  (In silico Toxicity Assessment of Echium angustifolium Mill components). 
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Figure 4 Swiss ADME Programmes (Dong et al., 2014; Banerjee et al., 2018). 

 

3.1.2 Molecular modelling using Computer software. 

The starting geometry of the Echium angustifolium Mill components were 

constructed using chem3D Ultra (version 8.0, Cambridge soft Com., USA). 

The Crystal structures of voltage-gated Na
+
 (6AGF, Nav1.4) and K

+
 (1BL8, 

KcsA) channels were downloaded from the Protein Data Bank  (Velankar et al., 2021). 

The molecular dockings of Echium angustifolium Mill components with voltage-

gated Na
+ 

and K
+ 

were accomplished by Auto Dock 4.2 software from the Scripps 

Research Institute (TSRI) (Velankar et al., 2021). 

The starting geometry of the Echium angustifolium Mill components was 

constructed using chem3D Ultra (version 8.0, Cambridge soft Com., USA).  The 

optimized geometry with the lowest energy was used for molecular docking.  Crystal 

structures of voltage-gated Na
+
 (6AGF, Nav1.4) and K

+
 (1BL8, KcsA) channels in a 

complex with transition-state analogues were downloaded from the Protein Data Bank  

Https://www.rcsb.org/structure/6AGF and https://www.rcsb.org/structure /1BL8.  For 

sodium and potassium channels, respectively (Figure 5). 

https://www.rcsb.org/structure%20/1BL8
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Molecular dockings of Echium angustifolium Mill components with 6AGF and 

1BL8 was accomplished by Auto Dock 4.2 software from the Scripps Research Institute 

(TSRI) (http://autodock.scripps.edu/).  Firstly, polar hydrogen atoms were added to 

protein molecules.  Then, partial atomic charges of 6AGF and 1BL8 and Echium 

angustifolium Mill components were calculated using Kollman methods (Tiwari et al., 

2009).  In the process of molecular docking, the grid maps of dimensions (62Å X 62Å 

X 62Å) with a grid-point spacing of 0.376Å and the grid boxes centered were used. 

The number of genetic algorithm runs and the number of evaluations was set to 

100.  All other parameters were default settings.  Cluster analysis was performed on the 

results of docking by using a root mean square (RMS) tolerance of 2.0Å, which was 

dependent on the binding free energy.  Lastly, the dominating configuration of the 

binding complex of Echium angustifolium Mill components and 6AGF and 1BL8 

channels fragments with a minimum energy of binding were determined which relied 

strongly on the information of 3D structures of 6AGF and 1BL8 ion channels binding 

sites and ultimately generated a series binding complexes, respectively (Figure 5). 

 

 

 

 

 

 

 

 

Figure 5 Schematic sketch for molecular docking process. 
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3.1.3 Animals. 

Laboratory bred adult male Swiss albino mice were used for this study.  The 

experimental protocols were approved by the Ethical committee of the Biotechnology 

Research  

3.1.4 Experimental design. 

The mice were housed in cages with free access to food and water and allowed to 

acclimate to animal room conditions, relative humidity of 50-60%, and 12 hours of light 

and dark cycle for one week before experimental work.  After adaptation, the mice at 

age of 6-8 weeks old with a weight range of 24-30 g were randomly divided into 5 

groups (at least 6 mice/group) (Table 2).  Animals were bred and experimentation was 

carried out in the animal house of the Department of Medicinal Chemistry, Faculty of 

Pharmacy, University of Tripoli 
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Table 2 Doses of mice in the study. 

Groups Condition Numbers 

mice 

Treatments 

Group 

0μL 

200.μL (0. 2 g/ml) of the 

extract (CTX) (LD50 0.45μg/ 

kg in mice) 

6 No treatment 

Group 

100μL 

200.μL (0. 2 g/ml) of the 

extract (CTX) (LD50 0.45μg/ 

kg in mice) + 100μl (0.043 

g/ml) of aqueous Echium 

angustifolium Mill extract 

orally. 

6 100μL (0.043 g/ml) of 

aqueous Echium 

angustifolium Mill extract 

orally 

Group 

200μL 

200 μL (0. 2 g/ml) of the 

extract (CTX) (LD50 0.45μg/ 

kg in mice) + 200μl (0.043 

g/ml) of aqueous Echium 

angustiflium extract orally. 

6 200μL (0.043 g/ml) of 

aqueous Echium 

angustifolium Mill extract 

orally 

Group 

300μL 

200.μL (0. 2 g/ml) of the 

extract (CTX) (LD50 0.45μg/ 

kg in mice) + 300μl (0.043 

g/ml) of aqueous Echium 

angustiflium extract orally. 

6 300μL (0.043 g/ml) of 

aqueous Echium 

angustiflium extract orally 

Group 

400μL 

200 μL (0. 2 g/ml) of the 

extract (CTX) (LD50 0.45μg/ 

kg in mice) + 400μl (0.043 

g/ml) of aqueous Echium 

angustiflium extract orally. 

6 400μL (0.043 g/ml) of 

aqueous Echium 

angustiflium extract orally 
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3.2 Methods. 

3.2.1 Collection of plant material and preparation of aqueous extract. 

Plants were collected from the (Garabolle Zone, Tripoli, Libya) in March 2020 

and Echium angustifolium Mill were identified and authenticated by Prof. Dr.  M 

Abuhadra, in the herbarium of department of Botany, Faculty of Science, University of 

Tripoli, Libya.  Voucher specimens of the identified plant were deposited in herbarium 

of Botany department, Faculty of Science, UoT (Voucher number: D6868123). 

The sample was initially rinsed with distilled water at room temperature.  The 

leaves with the stems were cut into smaller pieces and 1.29 g of the sample was taken.  

The cut leaves and stems were then grinded in a homogenizer (HO4A Edmund Buhler 

GmbH, UK) along with 30 ml of distilled water Figure 6.  The resulting aqueous 

solutions were filtered under vacuum using a Millipore filter (0.45 μm, GHD Acrodisc 

GF, UK) and the filtrate was stored at 4°C. 

 

Homogenizer machine1.29g of sample/ 30ml 
distilled water

filtrate will be 
stored at 4°C.

Figure 6 Plant materials and preparation of aqueous extract. 
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3.2.2 Sampling and toxin extraction. 

Specimens of fish (n=6) Sarpa salpa, known commonly as the dream fish, salema 

salema, cow bream, porgy or gold line were used for experiments.  The fishes were 

caught at different locations on the Tripoli-Libya coast during January 2020. 

Immediately following the collection, the fishes were eviscerated and frozen at -20°C 

until use. 

3.2.2.1 Extraction procedure. 

One gram from each organ [(flesh (including muscles and skin), liver, brain and 

viscera)] was homogenized with 5ml of 0.1% acetic acid Figure 7.  The samples were 

boiled in a water bath for 10min at 50°C and then cooled to room temperature.  The 

samples were centrifuged at 3000 RPM for 10 minutes at 10°C.  The obtained 

supernatant from specimens was collected. Each aliquot was conserved at -20°C until 

further use Figure 8. 
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Figure 7 Sarpa salpa tissue sampling. 
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Homogenizer machine
Specimens of 

fish sarpa salpa

at 3000 RPM 
for 10 minutes 

at 10 °C
Obtained supernatant

at -20°C 

a water bath 

5 ml of 0.1% acetic 
acid will be added

10 min. 
at 50°C 

Figure 8 Toxin extractions. 

 

3.2.3 Molecular docking. 

The starting geometry of the Echium angustifolium Mill components was 

constructed using chem3D Ultra (version 8.0, Cambridge soft Com., USA).  The 

optimized geometry with the lowest energy was used for molecular docking. 

Crystal structures of voltage-gated Na
+ 

(6AGF, Nav1.4) and K
+
 (1BL8, KcsA) 

channels in a complex with transition-state analogues were downloaded from the 

Protein Data Bank (Velankar et al., 2021) (Figure 10) for sodium and potassium 

channels, respectively (Figure 5).  Molecular dockings of Echium angustifolium Mill 

components with 6AGF and 1BL8 was accomplished by Auto Dock 4.2 software from 

the Scripps Research Institute (TSRI) (http:// autodock.scripps.edu/).  Firstly, polar 
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hydrogen atoms were added to protein molecules.  Then, partial atomic charges of 

6AGF and 1BL8 and Echium angustifolium Mill components were calculated using 

Kollman methods.22 In the process of molecular docking, the grid maps of dimensions 

(62Å X 62Å X 62Å) with a grid-point spacing of 0.376Å and the grid boxes centered 

were used. 

The number of genetic algorithm runs and the number of evaluations was set to 

100.  All other parameters were default settings.  Cluster analysis was performed on the 

results of docking by using a root mean square (RMS) tolerance of 2.0Å, which was 

dependent on the binding free energy.  Lastly, the dominating configuration of the 

binding complex of Echium angustifolium Mill components and 6AGF and 1BL8 

channels fragments with a minimum energy of binding were determined which relied 

strongly on the information of 3D structures of 6AGF and 1BL8 ion channels binding 

sites and ultimately generated a series binding complexes, respectively (Figure 9, 10). 

 

  

Figure 9 Structure of the human voltage-gated sodium channel (6AGF) 

(Pan et al., 2018). 
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Figure 10 Protein Data Bank (Berman et al., 2000) 

3.2.4 Acute toxicity study. 

Experimental design. 

Acute toxicity studies were performed to determine the LD50 value in the 

experimental animals.  The intention of performing acute toxicity studies were to 

establish the therapeutic index of Echium angustifolium Mill and to guarantee in vivo 

safety.  The male mice were randomly allocated into four groups. 

The first group served as control and was given 0.9 % normal saline orally at 0.2 

ml/kg body weight.  The remaining groups were given a single oral dose of either 50, 

100 or 400 or 800m mg/kg body weight Echium angustifolium Mill extract respectively, 

(Marrelli et al., 2020) (Figure11) Similar acute toxicity studies were performed for the 

flesh (keletal muscles and fat), liver, brain and viscera extracts. Acute toxicity 

experiments were also performed with twenty male mice randomly allocated into five 

groups (n=5). The first group served as control and was given 0.9% normal saline orally 

at 0.2ml/kg body weight. The remaining four groups were given a single oral dose of 

either 50, 100, 300 or 400µl of the flesh extract (1g/5ml 0.1 acetic acid). A similar 

protocol was used for liver, brain and viscera extracts. 
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Control
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normal 
saline

0.2 ml/kg  

50mg/kg 
Echium 

angustifolium
extract 

100mg/kg
Echium 

angustifolium
extract 

400 mg/kg
Echium 

angustifolium
extract 

Determination of 
LD50

 

Figure 11 Acute toxicity study. 

 

3.2.5 Detoxication of CTXs by Echium angustifolium Mill extract. 

Experimental design. 

The animals (albino mice) utilized in this investigation were separated into five 

groups, each with six mice, after a week of acclimation to laboratory settings (male).  

The first five group wase given just 200 µl (0. 2 g/ml) of the Sarpa salpa extracts 

(1g/5ml, 0.1% acetic acid with LD50.45g/kg in mice) and the dose was confirmed and 

compared with previous study(Sanders, Jr. 1987; Friedman et al., 2008).  Groups( 2-3-

4-5) were given a similar quantity of extract orally (0.043 g/ml) with 100µl, 200µl, 

300µl, or 400µl of aqueous Echium angustifolium Mill extract, respectively.   

Within twenty-four hours, the number of deaths had been documented.  Using 

groups 6 to 20, similar tests were repeated using liver, brain, and viscera extracts.  The 

remaining four group wase received a single oral dose of either 100µl, 200µl, 300μl or 

400μl of the flesh extract (1g/5ml 0.1 acetic acid).  A similar protocol was used for 

liver, brain and viscera extracts (Figure 12). 
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(LD50 

0.45μg/kg) of 
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Figure 12 Detoxication of CTXs by Echium angustifolium Mill extract. 

3.2.6 In silico toxicity Assessment of Echium angustifolium Mill components. 

The online program ProTox-II: a webserver for the prediction of chemical toxicity 

was used to examine the in silico toxicity of all Echium angustifolium Mill chemical 

constituents (http://tox. charite.de/protox II (Banerjee et al., 2018). 

3.2.7 Statistical analysis. 

The difference among various treatment groups and control groups were analyzed 

using followed using unpaired Student‘s t-test as the one-way analysis of variance 

(ANOVA) which is used to determine whether there are any statistically significant 

differences between the means of independent (unrelated) groups.  The results were 

expressed as the mean ± SEM of the number of experiments done, with P < 0.05 

indicating a significant difference between groups. 
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Chapter 4 Results 

4.1 Acute toxicity study of Echium angustifolium Mill aqueous extract (1.29g/30ml) 

given to albino mice. 

Within two weeks, an Echium angustifolium Mill aqueous extract was determined 

to be safe up to 140 mg/kg orally (Table 3), no mortality among mice.   

Table 3 The effect of Echium angustifolium Mill extract (1.29g in 30 ml distilled 

water (single dose)) on mice  

Evaluation of doses difference group No. of animals No. of survivors 

Group 1               0.9% normal saline at 0.2 ml/kg 5 5 

Group 2             50 mg/kg 5 5 

Group 3             100  mg/kg 5 5 

Group 4             400 mg/kg 5 5 

Group 5              800 mg/kg 5 5 

 

4.1.1 LD50 and lethality testing. 

Lethal Dose 50 tests (tests LD50) is defined as ―the animal research procedure in 

which any material or substance is administered to animals for the purpose of 

determining the concentration or dose of the material or substance which will achieve 

any predetermined death rate.  The value of LD50 for the four extracts is the dose 

required to kill half the mice after a specified test duration.  LD50 figures are frequently 

used as a general indicator of a substance's acute toxicity. A lower LD50 is indicative of 

increased toxicity.  Tables 4-7 represent the LD50 of flesh, brain, liver and viscera 

extracts respectively.  
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Tables 4-7 Summarizes the LD50 of the brain, liver and viscera organ extracts.  

This study, it is established a-log (dose) regression models and solved them by the  

maximum likelihood method using Microsoft Excel.  The z- and χ2-tests were used.  

The LD50 of the brain, liver and viscera organs was shown in Table 8. 

Table 4 Determination of LD 50 using acute toxicity study of the flesh extract  (2g/5 

ml 0.1 acetic acid, single dose concentration was adjusted to 100 µl) to 8 mice.  

Note: Data presented as Mean: n = 8, One-way ANOVA, *significantly 

different from the Distilled Water (DW) control at p<0.05.  . 

Concentration of the flesh extract, g/ 200 µl 

 

Number of death (out of 8 

mice) 

% death 

Distilled water 0 0 

0.1 1 12.5 

0.5 2 25 

0.75 2 25 

1 3 37.5 

1.25 4 50 

1.5 4 50 

1.75 6 75 

2 8 100 
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Table 5 Determination of LD50 using acute toxicity study of the brain extract (2g/5 

ml 0.1 acetic acid, single dose concentration was adjusted to 100 µl) to 8 mice.  

Note: Data presented as Mean: n = 8, One-way ANOVA, *significantly 

different from the Distilled Water (DW) control at p<0.05.   

 

 

 

 

 

 

 

Concentration of the brain extract , g/ 200 µl 

 

Number of death (out of 8 

mice) 

% death 

Distilled water. 0 0 

0.1 1 12.5 

0.5 2 25 

0.75 3 37.5 

1 4 50 

1.25 5 62.5 

1.5 6 75 

1.75 7 87.5 

2 8 100 
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Table 6 Determination of LD50 using acute toxicity study of the liver extract (2g/5 

ml 0.1 acetic acid,  single dose concentration was adjusted to 100 µl ) to 8 

mice.  Note: Data presented as Mean: n = 8, One-way ANOVA, *significantly 

different from the Distilled Water (DW) control at p<0.05. 

 

 

 

 

 

 

 

Concentration  of the liver extract g/ 200 µl 

 

Number of death (out of 8 

mice) 

 

% death 

Distilled water 0 0 

0.1 2 25 

0.5 4 50 

0.75 5 62.5 

1 6 75 

1.25 7 87.5 

1.5 8 100 

1.75 8 100 

2 8 100 
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Table 7 Determination of LD50 using acute toxicity study of the viscera extract 2g/5 

ml 0.1 acetic acid,  single dose concentration was adjusted to 100 µl ) to 8 

mice.  Note: Data presented as Mean: n = 8, One-way ANOVA, *significantly 

different from the Distilled Water (DW) control at p<0.05.  

 

 

 

 

 

 

 

 

Concentration of the viscera extract, g/ 200 µl 

 

Number of death (out of 8 

mice) 

 

Death %  

 

Distilled water 0 0 

0.1 4 50 

0.5 5 62.5 

0.75 5 62.5 

1 6 75 

1.25 7 87.5 

1.5 8 100 

1.75 8 100 

2 8 100 
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Tables 8 Summarizes the LD 50 of flesh, brain, liver and viscera organs extracts 

Crude ciguatoxin 

(neurotoxins) Extracts 

1g/5ml 0.1% acetic acid 

LD50 fitting  equation 

dosage-mortality relationship 

LD50 g/kg (orally) 

Flesh extract y = 1.872ln(x) + 4.078  51±2.6 

Brain extract y = 2.228ln(x) + 4.890  33±3.4 

Liver extract y = 2.176ln(x) + 6.381  16±2.6 

Viscera extract y = 1.456ln(x) + 6.630  8.2±1.1 

 

 4.2 Acute toxicity of Sarpa salpa extracts and its neutralization by Echium 

angustifolium Mill aqueous extract. 

The toxin-affected mice displayed classic neurotoxic symptoms such as 

hypothermia, significantly decreased locomotor activity within the first three hours, and 

subsequently respiratory failure.  The toxicity of the four extracts differs significantly, 

as seen in Table 9-12.  Toxic amounts in organs were distinct and could be rated in 

ascending order, flesh, brain, liver, and viscera extract come last.  The outcomes are 

comparable to those achieved by Elfeki (Bellassoued et al., 2013; Bellassoued et al., 

2015). 
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Table 9 Detoxication of 200 μl (1.0g) of the flesh extract of Sarpa salpa by Echium 

angustifolium Mill extract ( 1.29g in 30 ml distilled water).  Note: 

Significantly different from the Distilled Water (DW) control at p<0.05. 

DW = distilled. 

Doses of Echium angustifolium Mill 1.29g in 

30 ml distilled water 

Number of survivors (out of 

6 mice) 

Survivors % 

Group 1 (Dose of 0 μl (DW) ) control  0 0 

Dose of 100 μl Echium angustifolium Mil. 2 3.33 

Dose of 200 μl Echium angustifolium Mil 6 100 

Dose of 300 μl Echium angustifolium Mil 6 100 

Dose of 400 μl Echium angustifolium Mil 6 100 

 

Table 10 Detoxication of 200 μl (1.0g) of the brain extract of Sarpa salpa by Echium 

angustifolium Mill extract.  Note: Significantly different from the Distilled Water 

(DW) control at p<0.05. DW = distilled. 

Doses of Echium angustifolium Mill 1.29g in 

30 ml distilled water 

Number of survivors (out of 

6 mice) 

Survivors % 

Group 1 (Dose of 0 μl (DW) ) control  0 0 

Dose of 100 μl Echium angustifolium Mil. 0 0 

Dose of 200 μl Echium angustifolium Mil 4 66.67 

Dose of 300 μl Echium angustifolium Mil 6 100 

Dose of 400 μl Echium angustifolium Mil 6 100 
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Table 11 Detoxication of 200 μl (1.0g) of the liver extract of Sarpa salpa by Echium angustifolium 

Mill extract.  Note: Significantly different from the Distilled Water (DW) control at 

p<0.05. DW = distilled. 

Doses of Echium angustifolium Mill 1.29g in 

30 ml distilled water 

Number of survivors (out of 

6 mice) 

Survivors % 

Group 1 (Dose of 0 μl (DW) ) control  0 0 

Dose of 100 μl Echium angustifolium Mil. 0 0 

Dose of 200 μl Echium angustifolium Mil 0 83.33 

Dose of 300 μl Echium angustifolium Mil 5 100 

Dose of 400 μl Echium angustifolium Mil 6 100 

 

Table 12 Detoxication of 200 μl (1.0g) of the Viscera extract extract of Sarpa salpa by Echium 

angustifolium Mill extract.  Note: Significantly different from the Distilled Water (DW) 

control at p<0.05. DW = distilled 

Doses of Echium angustifolium Mill 1.29g 

in 30 ml distilled water 

Number of survivors (out of 

6 mice) 

Survivors 

% 

Group 1 (Dose of 0 μl (DW) ) control  0 0 

Dose of 100 μl Echium angustifolium Mil. 0 0 

Dose of 200 μl Echium angustifolium Mil 1 16.67 

Dose of 300 μl Echium angustifolium Mil 1 16.67 

Dose of 400 μl Echium angustifolium Mil 6 100 
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Tables 13 Summaries the protective dosage of Echium angustifolium Mill aqueous extract 

needed to reverse the toxic effect of flesh, brain, liver, and viscera extracts.  The Echium 

angustifolium Mill aqueous extract significantly increases mean survival time up to 5 ±1 days 

and protects animals from death if compared to the mice who had Sarpa salpa toxin only. 

Echium angustifolium Mill aqueous extract if used at a higher doses was found to be more 

effective against Sarpa salpa toxin (Figure 13). 

 

Tables 13 summarizes the toxicity studies of Echium angustifolium Mill at different doses, 

determination of LD 50 using acute toxicity study of different organs extract and 

detoxication of different organs extracts by Echium angustifolium Mill extract. 

 

 

Crude ciguatoxin 

(neurotoxins) Extracts 

1g/5ml 0.1% acetic acid 

LD50 g/kg (orally) Protective dosage of  Echium 

angustifolium Mill  aqueous extract 

(1.29g/30 ml) in µl given to Albino 

mice  

Flesh extract 51±2.6 125±2.3 

Brain extract 33±3.4 220±6.3 

Liver extract 16±2.6 302±7.4 

Viscera extract 8.2±1.1 411±11 
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Figure 13.Summarizes the LD 50 of flesh, brain, liver and viscera organs extracts 

4.3 Molecular docking results. 

Table 14 shows the findings of the molecular docking. According to the modeling research, 

Echium angustifolium Mill components with voltage-gated channels have van der Waals, 

hydrogen bonding, and electrostatic interactions.  Because the total of van der Waals energy, 

hydrogen bonding energy, and desolvation free energy is more than the electrostatic energy, 

which is consistent with the literature, the contribution of van der Waals and hydrogen bonding 

interaction is significantly bigger than that of electrostatic interaction (Gilad & Senderowitz 

2014; Chagas et al., 2018).  Table 14 Depicts the interactions between Echium angustifolium 

Mill compounds such as Ellagic acid and voltage-gated K
+
 (1BL8) channels.  As shown in Table 

5, the binding energy of Ellagic acid (-9.0kcal/mol) was substantially greater than that of 

ciguatoxin-1 (-8.60kcal/mol) in Echium angustifolium Mill constituents. In Figure 14, Ellagic 

acid and K
+
 voltage-gated sodium form six hydrogen bonds, but ciguatoxin-1 forms just one.
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Table 14 Various energies in the binding process of Echium angustifolium constituents and 

voltage -gated Na
+ 

(6AGF) and K
+
 (1BL8) channels obtained from molecular 

docking. The unit of all energies (ΔG) is kcal/mol 

 

-Chemical structures 

 

-No. 

-

Chemical 

nature. 

 

Name of ligand 

 

Potassium 

channel 1bl8 

Binding 

energy 

 

 

Sodium 

channel 

(6AGF) 

Binding 

energy 

Nav channel 

 

 

 

NO.1 

ciguatoxin- 

 

 

P-CTX 1B 

 

 

-8.6 

 

 

 

-12.3 

 

 
 

 

NO.2 

pyrrolizidie 

alkaloids 

 

9-

angeloylretronecine  

 

No binding 

 

-5.5 

 

 

 

NO.3 

pyrrolizidie 

alkaloids 

 

 

7-

angeloylretronecine 

 

 

-5.0 

 

 

 

-5.6 
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NO.4 

pyrrolizidie 

alkaloids 

 

(7R, 8S)-petranine 

3 

 

-5.0 

 

 

-6.1 

 

 

  

NO.5 

pyrrolizidie 

alkaloids 

 

(7S, 8R)-petranine 

1 

 

-5.0 

 

 

-6.8 

 

 

 

NO.6 

pyrrolizidie 

alkaloids 

 

(7R, 8R)-petranine 

4 

 

-5.0 

 

 

-6.1 

 

 

NO.7 

pyrrolizidie 

alkaloids 

 

(7R, 8S)-petranine 

2 

 

-4.9 

 

 

-6.4 
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NO.8 

Phenolic 

acid 

derivatives  

 

 

 

Gallic acid  

 

 

 

-6.1 

 

 

 

-6.0 

 

 

 

 

NO.9 

Phenolic 

acid 

derivatives  

 

 

 

Benzoic acid  

 

 

 

-4.3 

 

 

 

-5.8 

 

 

 

 

NO.10 

Phenolic 

acid 

derivatives  

 

 

 

Ellagic acid  

 

 

 

-9.0 

 

 

 

-7.8 
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NO.11 

Phenolic 

acid 

derivatives  

 

 

 

Chlorogenic 

acid  

 

 

-7.6 

 

 

 

-7.0 

 

 

 

NO.12 

Phenolic 

acid 

derivatives  

 

 

 

Vanillic acid  

 

 

 

-5.7 

 

 

 

-5.0 

 

 

 

NO.13 

Phenolic 

acid 

derivatives  

 

 

 

Catechol  

 

 

 

-5.3 

 

 

 

-4.9 

 

 

 

 

NO.14 

Phenolic 

acid 

derivatives  

 

 

 

Salicylic acid  

 

 

 

-5.6 

 

 

 

-6.0 
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NO.15 

Phenolic 

acid 

derivatives  

 

 

 

Ferulic acid  

 

 

 

-6.1 

 

 

 

-6.4 

 

 

 

 

NO.16 

Phenolic 

acid 

derivatives  

 

 

 

P- hydroxy-  

benzoic  

 

 

-5.2 

 

 

 

-5.5 

 

 

 

 

NO.17 

Phenolic 

acid 

derivatives  

 

 

 

Protocatechuic 

acid  

 

 

-5.9 

 

 

 

-5.7 

 

 

 

 

NO.18 

Phenolic 

acid 

derivatives 

 

 

P-Coumaric 

acid 

 

 

-5.1 

 

 

 

-6.0 
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NO.19 

Phenolic 

acid 

derivatives 

 

 

 

Catechin 

 

 

 

-6.0 

 

 

 

-7.7 

 

 

 

 

NO.20 

Phenolic 

acid 

derivatives 

 

 

Rosmarinic acid 

 

 

-5.6 

 

 

 

-7.6 

 

 

 

 

NO.21 

Phenolic 

acid 

derivatives 

 

 

Dihydroxyphenyl 

lactic acid 

 

 

-5.6 

 

 

 

-8.9 

No H-bond 

 

 

 

 

No.22 

Flavonoid 

 

 

 

Naringin 

 

 

 

-6.8 

 

 

 

-8.2 
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No.23 

Flavonoid 

 

 

 

Rutin 

 

 

 

-7 

 

 

 

 -8.4 

 

 

 

No.24 

Flavonoid 

 

 

Hesperetin 

 

 

 

-6.2 

 

 

 

-8.5 

 

 

 

 

NO.25 

Flavonoid 

 

 

Hesperidin 

 

 

 

-6.5 

 

 

 

-7.3 

 

 

 

 

NO.26 

Flavonoid 

 

 

Naringenin 

 

 

-5.8 

 

 

 

-7.3 
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NO.27 

Flavonoid 

 

 

Quercetin 

 

 

-5.7 

 

 

 

 

-7.6 

 

   

 

 

NO.28 

Flavonoid 

 

 

Apigenin 

 

 

-5.7 

 

 

 

-8.3 

 

 

 

 

NO.29 

Flavonoid 

 

 

Kaempferol-3-

neohesperidoside 

 

 

-8.4 

 

 

 

-7.9 

 

 

 

NO.30 

pyrimidine-

analog 

 

 

Uridine 

 

 

-7.5 

 

 

 

-6.2 
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Figure 14 (A) Shows the interaction model between Ellagic acid and CTXs with K
+
 

channel (1bl8, KcsA (K
+
 channel of streptomyces)).  (B) Shows the interaction model between 

Ellagic acid with the K
+
 channel active site.  (C) Shows the interaction model between CTXs 

with the K
+ 

channel.  The hydrogen bonds are represented using green broken lines.  The figure 

was obtained with the help of a molecular visualization tool (discovery studio software 2.4). 

 

Figure 14 Ellagic acid and voltage-gated K
+
 (1BL8) channel interactions are shown. 
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Chapter 5 Discussion. 

 

The current study is compared to prior Boraginaceae plant family investigations in which a 

single intravenous dosage of 561 mg/kg of rosmaric acid did not cause acute toxicity in mice 

(Rossi et al., 2012). 

The results of this study revealed that Echium angustifolium Mill constituents form 

hydrogen bonds with active sites of Na
+
 and K

+
 channels and protect the mice from ciguatoxin 

toxicity with a statistically significant difference in the extract compared to controls with a p-

value less than 0.01.  Hence it is proposed that Echium angustifolium Mill constituents can be 

used to prevent ciguatoxin toxicity.  When compared to mice that only got Sarpa salpa toxin, the 

Echium angustifolium Mill aqueous extract considerably enhances mean survival time up to 51 

days and protects animals from death.  Higher dosages of Echium angustifolium Mill aqueous 

extract were shown to be more efficient against Sarpa salpa toxin. 

A similar investigation was carried out on mouse neuroblastoma cells employing H. 

Foertherianum aqueous extract containing rosmarinic acid as the main component, which was 

found to be capable of reversing P-CTX-1B-induced cytotoxicity (Rossi et al., 2012).  P-

cytotoxicity CTX-1B's was decreased by H. Foertherianum at doses up to 2734g/ml and 

rosmarinic acid at concentrations up to 607g/ml, amounts at which they began to become 

cytotoxic (Bellassoued et al., 2013).  The MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl 

tetrazolium bromide MTT assay, a colorimetric assay for assessing cell metabolic activity and it 

reflects the number of viable cells present), LDH assays (lactate dehydrogenase assay for cell 

viability testing using cell lines and primary cultured astrocytes), and neutral red assays (lactate 

dehydrogenase) a cytotoxicity assay used to detect cell viability or drug cytotoxicity based on the 

detection of viable cells via the uptake of the dye neutral red) (Rossi et al., 2012).  

Demonstrating its ability to treat CFP and was consistent with our results.  On the other hand; 

pharmacological tests were essential to decide whether or not Echium angustifolium Mill indeed 

have direct ‗detoxifying‘ action on the ciguatoxin itself in human and that is our program‘s goal 
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to assess the therapeutic potential of the Echium angustifolium Mill aqueous extract in 

human.(Chagas et al., 2018) 

5.1 Molecular docking analysis. 

The voltage-gated Na
+
 channel (denominated Nav1.4) was employed for molecular 

docking.  This channel is responsible for action potential generation and is implicated in a variety 

of human illnesses.  The pore do-main, the voltage-sensing domains of the -subunit, and the 1 

subunits were all modelled, giving the molecular foundation for Na
+
 ion penetration and 

kinetics(Pan et al., 2018)  The K
+
 channel employed was Streptomyces lividans' KcsA, which is 

a fundamental membrane protein having sequence similarities to several known K
+
 channels. 

The primary chain carbonyl oxygen atoms are held open and offer an ion filter by 

structural constraints to organize passing K
+
 but not smaller Na

+
 ions in K

+
 channels, which are 

made up of four distinct units connected together to create the ion pore.  This arrangement 

promotes ion conduction by leveraging electrostatic repulsive forces to overcome attraction 

forces between K
+
 ions and carbonyl oxygen atoms in the main chain, as well as assisting in 

molecular docking of Echium angustifolium Mill components.(Doyle et al., 1998) 

The predisposition is created by the pore's structure (Pan et al., 2018)  Discharge In the 

majority of excitable cells, voltage-gated Na
+
 channels play a crucial role in the creation and 

propagation of electrical impulses.  They are single membrane-spanning proteins with an ion 

pore that causes a quick and brief increase in membrane Na
+
 ion conductance, which is 

responsible for the depolarizing portion of action potentials.  Persistent channel activation 

eventually leads to depolarization block and action potential discharge suppression (Inserra et al., 

2017; Pan et al., 2018). 

Stimulation CTXs causes spontaneous action potentials that can be inhibited at low 

nanomolar doses.  This action was mediated through voltage-gated sodium channels, according 

to TTX (Tetrodotoxin: is a particular Na
+
 channel blocker). 

Action potential suppression hinders nerve cells from transmitting messages, preventing 

muscles from contracting in response to neural stimulation (Inserra et al., 2017; Pan et al., 2018).  

The components of Echium angustifolium Mill can counteract this effect.  Calcium-activated 

potassium channels, inwardly rectifying potassium channels, tandem pore domain potassium 
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channels, and voltage-gated potassium channels are the four primary types of potassium 

channels.  KcsA, which was employed in this study, is more closely linked to voltage-gated 

potassium channels (Gomez-Sanchez & Oki 2014; Pan et al., 2018). 

Ciguatoxins has been shown to affect neuronal excitability by blocking K
+ 

channels, which 

contributes to membrane hyperpolarization.  The activation of voltage-gated Na
+
 channels causes 

membrane depolarization when voltage-gated K
+
 channels are blocked.  Furthermore, the lack of 

the hyperpolarizing force induced by the K
+
 conductance adds to a lower action potential 

threshold when K
+
 channels are blocked (Chen et al., 2008).  Echium angustifolium Mill 

components can counteract both CTX's effects on voltage-activated Na
+
 and K

+
 channels. Table 

No 8. 

The molecular docking technique revealed the binding energies of Echium angustifolium 

Mill components to voltage-gated Na
+
 (6AGF) and K

+
 (1BL8) channels.  In this study, Auto 

Dock 4.2 was used to perform molecular dockings of Echium angustifolium Mill constituents to 

voltage-gated channels to investigate the binding mode of Echium angustifolium Mill 

constituents and obtain information about interaction forces between Echium angustifolium Mill 

constituents and voltage-gated channels.  Voltage-gated channels and Echium angustifolium Mill 

constituents were retained as flexible molecules and docked into seven types of stiff ion channels 

to get their preferred binding site to Echium angustifolium Mill constituents. 

 

With voltage-gated K
+
 channels, there are five hydrogen bonds.  Furthermore, Ellagic acid 

demonstrated a strong docking contact with voltage-gated K
+
 channels.  Figure 19 shows the 

binding location (threonine 75 and threonine 74).  CTX-1, on the other hand, had a good docking 

contact with the K
+
 channel.  The interaction of Ellagic acid with the K

+
 channel binding site 

(proline55 and glutamine58) is required for the successful reversal of CTX-1 blocking activity.  

Based on sequence function and similarity, the voltage-gated potassium (Kv) channels family 

may be separated into many subfamilies. Kv1 (Shaker), Kv2 (Shab), Kv3 (Shaw), and Kv4 (S) 

are four of these subfamilies (Robertson & Stevens 2017; Luckert et al., 2018). 

Reported that there is a subtype-specific difference in the role of Kv1 channels and only 

Kv4 channels are involved in repolarizing the narrow action potential of mouse somatosensory 
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cortex cells and this could explain the protective results obtained with KcsA.  Therefore, some 

Echium angustifolium Mill constituents may be considered as the effective agents of reversing 

the blocking action of CTX-1.Pyrrolizidine alkaloid are a class of naturally occurring alkaloids 

that are based on the structure of pyrrolizidine and are generated by plants as a defense 

mechanism against insect herbivores.  Some of them are hepatotoxic when taken persistently.  

Pyr-rolizidine alkaloids are necine bases that have been esterified with necic acid.  Pyrolizidine, 

a bicyclic aliphatic hydrocarbon composed of two fused five-membered rings with nitrogen at 

the bridgehead, is a distinctive component of the necine base.  Pyrrolizidine alkaloids are mostly 

found as N-oxides (Table 14), which are water-soluble and act as hydrogen bonding groups with 

the amino acids of Na
+
 and K

+
 voltage-gated channels (Robertson & Stevens 2017; Luckert et 

al., 2018). 

In this work, we assessed the capacity of Echium angustifolium Mill aqueous extract to 

reverse the P-CTX-1B-induced toxicity in mice.  The toxicity produced by CTXs was inhibited 

by Echium angustifolium Mill at dosages up to 411μl (1.29g/30ml). 

A comparison of the structures and activities of pyrrolizidine alkaloids, phenolic acid 

derivatives, flavonoids andpyrimidine-analog indicates that the carboxyl moiety of phenolic acid 

derivatives constitutes a significant substituent required for activity against CTXs toxicity, these 

derivatives lacking this carboxyl functional group were not very potent in the case of potassium 

voltage-gated channels. 

In addition, flavonoids that contain phenols were a considerable substituent required for 

activity against CTXs toxicity in the case of sodium voltage-gated channels.  Additionally, other 

phenolic acid derivatives and flavonoids had positive binding energies.  The phenolic 

compounds are still the most potent on both channels suggesting that the phenolic moieties were 

required for a significant positive activity against CTXs toxicity.  Furthermore, the similar 

activity of phenolic acid derivatives and flavonoids derivatives confirmed that the positive 

activity results from both the phenolic and carboxyl moiety. 

Lastly, the number of hydroxyl substitutions on thephenolic moieties was important. 

Indeed, the difference of activity between gallic acid, benzoic acid, ellagic acid, chlorogenic 

acid, vanillic acid, catechol, salicylic acid, ferulic acid, p-hydroxy-benzoic acid, protocatechuic 
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acid, p-coumaric acid, catechin, rosmarinic acid, dihydroxyphenyl lactic acid, naringin, rutin, 

hesperetin and hesperidin showed that they needed at least two hydroxyl substitutions.  Thus, a 

diphenol was required to obtain inhibition of the CTXs toxicity.  The comparison with all these 

derivatives indicates that the structure of phenol was significant for its biological activity.  This 

specificity of action provides a basis for the improved acceptance of the wide utilization of 

Echium angustifolium Mill aqueous extract, which contains pyrrolizidine alkaloids, phenolic acid 

derivatives, flavonoids and pyrimidine analog, for future treatment of CTXs toxicity.(Doyle et 

al., 1998) 

5.2 In silico toxicity assessment of Echium angustifolium Mill components. 

Echium angustifolium Mill components were evaluated for drug likeness and toxicity.  

Examination of Echium angustifolium Mill components for drug likeness was performed by 

computational prediction of ADME-Tox properties (adsorption, distribution, metabolism, 

excretion, and toxicity).  All Echium angustifolium Mill components were found to be non-

carcinogenic and acceptable as drugs.  Refractivity Furthermore, all Echium angustifolium Mill 

components were found to follow the Lipinski Rule of five for drug likeness, with molecular 

masses less than 500 Daltons, no more than five hydrogen bond donors, no more than ten 

hydrogen bond acceptors, Log P scores less than 5, and molar refractivity less than 5 (Daina et 

al., 2017; Chagas et al., 2018).  The limitation of this study is the cytotoxicity assay; which still 

needs to be an essential part of evaluating the safety of Echium angustifolium constituents 

because it affords direct information at the cellular level which may be significant in assessing 

the true toxicity of Echium angustifolium Mill constituents. 
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Chapter 6 Conclusion. 

Ciguatera Fish Poisoning is seafood intoxication due to consumption of tropical coral reef 

fishes that have built up ciguatoxins in their tissues.  Echium angustifolium Mill aqueous extracts 

exhibit a positive activity in treating ciguatoxin toxicity.  The results indicated that Echium 

angustifolium Mill constituents form hydrogen bonds with active sites of Na
+
 and K

+
 channels 

and protect the mice from ciguatoxin toxicity.  The positive activity in mice suggests a promising 

detoxifying action caused by cigua-intoxication.  Furthermore, the obtained results confirm the 

potential of Echium angustifolium Mill in the treatment of Ciguatera Fish Poisoning.  Detailed 

clinical studies in this direction are needed to potentiate this claim in human beings. 
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 جامعة طرابلس

 كلية العلوم

 قسم علم الحيوان

 

 

كتريبق  (Echium angustifolium Mill)حٌة العمرة تأثير الوستخلص الوبئي لٌببت

وًوبدج الفئراى  بأستخذام الٌوذجة الجزيئية CTXs (Ciguatoxins) سيجىاتىكسييلسوية 

 الوُهك.

 

 الطالب عبدالروؤف عثمان الغرياني

 

 بى(ثهصببح لبببج )هشرف  ا.د.عبذالفتبح                                            د هسعىد سبلن هعور )هشرف أول(

 لسن علن الحيىاى كلية العلىم                                                               لسن الكيويبء الطبية      

 كلية الصيذلة جبهعة طرابلس                                                             كلية العلىم جبهعة طرابلس      

 

 

 

 

 

لمتطلبات نيل درجة الاجازة العالية ) الماجستير ( في العلوم من قسم علم الحيوانبحث مقدم استيفاء   

29/11/2022 


