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Abstract 

Algae produce numerous biologically active substances, some of which could be turned into brand-new medications. 
Thus, the current work utilized Biomphalariaalexandrina snails as a biological model to assess the anesthetic effect of 
Cladophoraglomeratamethanolic extract. After 24 h of exposure followed by 24  h as a recovery period, the results indicated 
that C. glomerata extract was safe for snails up to 500 mg/L. The anesthetic effect was seen with snails subjected to 500 mg/l, 
reaching 100%, while the relaxation effect was observed with snails subjected to 100 and 300 mg/ L, recording 13.3 and 
66.6% of the exposed snails, respectively. The total hemocyte count was directly proportional to the concentrations of algal 
extract after 1 h, however, it returned to normal after 20 h. Exposure of snails to different concentrations of the algal extract 
led to several rapid changes in the shape and content of hemocytes and stimulated hemocyte division after one hour of 

exposure. Acetylcholinesterase activity (AChE) and Lactate dehydrogenase (LDH) levels significantly decreased in all treated 
snails. GC-MS results exhibited that C. glomerata extract contained 16 chemical substances, which might possess anesthetic, 
antioxidant, and anti-inflammatory activities and stimulate cell proliferation. 

 

Keywords:Anesthesia ; C. glomerata ; hemocytes ; B. alexandrina ; GC mass 

_________________________________________________________________________________________________________________ 

 

1. Introduction 

Many medicines are being made from 

natural ingredients [1].Previous research proposed 

that phytochemical-rich herbal plant preparations 

might be turned into medicines that are relaxing, 

antinociceptive, analgesic, local anesthetic, and 

general anesthetic [2,3,4].  Aconitum ferox wall, for 
example, contains diterpenoid alkaloids and has been 

used as an analgesic, anti-inflammatory, sedative, and 

anti-rheumatic [2].Mesaconitine, hypaconitine, 

lappaconitine (diterpenoid-ester alkaloids), 

benzaconine, and benzoylaconine are present in 

Aconitum chasmanthum and have been utilized as 

sedatives and anesthetics [3], and 

CeropegiajunceaRoxb has pyridine alkaloid, 

cerpegin, and lupeol, a triterpene, have shown as 

promising analgesic, local anesthetic, and topically 

anesthetic properties [4]. These potential 

phytochemical-based anesthetics could offer 

alternative options for patients who may have adverse 

reactions to conventional anesthesia. However, 

further research and clinical trials are needed to fully 

explore the efficacy and safety of these 

phytochemical compounds in anesthesia [5]. 
Nowadays, our planet needs to turn 

environmental problems into opportunities. As a 

result, several beneficial uses of macroalgal biomass 

have been emphasized, including pharmaceutical, 

nutraceutical, and cosmetic applications, fertilizers 

and bio-stimulants for plant growth, food additives, 

indicators of environmental pollution, sorbents of 

toxic metal ions from wastewater, and raw materials 

for the production of biofuels [6].  

Cladophora algae has the potential to help  

environmental problems and maintain human health 
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and well-being in the face of new difficulties, even 

though it is frequently seen as a nuisance alga in 

natural water. The macroscopic green algae family 

contains over 183 species, and Cladophoraglomerata 

is one of the most prevalent freshwater green algae. It 

has filamentous forms and develops rapidly on a 

variety of substrates [7]. In pharmaceutical 

applications, Cladophoraspecies contain active 

substances that display a wide range of activities, 

including antioxidant and antitumor properties [8], 
antibacterial and antidiabetic properties [9,10], anti-

ulcer, hypotensive, and analgesic activity [11,7]. As a 

result, algal extracts are now a source of many 

chemicals for a healthy existence [12]. 

Since gastropods have huge, uniquely 

identifiable nerve cells, they can be employed as 

model organisms for anaesthetics investigations on 

the cellular network and behavior[12]. To test the 

anesthetic effect, researchers have applied two 

behavioral criteria: (a) the withdrawal response to 

stimulation of the arms and siphon because 
withdrawal responses are used to test the depth of 

anesthesia in humans and other animals and are 

diminished in a dose-dependent manner by 

inhalational anesthetics in the 

pulmonatemollusk Lymnaeastagnalis [13] and (b) 

color change, which is common in cephalopods and 

is known to be under central motor control [14].  

Other indicators include Lactate 

dehydrogenase (LDH), which is a crucial enzyme for 

cellular respiration that transforms glucose into 

cellular energy and is present in all tissues [15,16]. 
Also, Acetylcholinesterase (AChE), which is a 

membrane-resident enzyme that participates in the 

termination of nervous impulse transmission by 

promoting the hydrolysis of the neurotransmitter 

acetylcholine to coordinate the nervous system  [17], 

and nerve conduction processes at the junction of the 

nerve ending of muscle  [18]. Furthermore, the nerve 

ending produces the AChE that is released at the 

myoneural junction during an action potential in 

living organisms. After that, it diffuses via the gap 

between the muscle and the nerve. It is found in the 

membranes of both vertebrate and invertebrate 
animals, but invertebrates frequently have highly 

polymorphic cholinesterase enzymes (ChE) [17]. 

Acetylcholinesterase is quite sensitive to the various 

chemicals that inhibit it. The inactivation of AChE 

causes acetylcholine accumulation in synapses and 

ongoing stimulation of cholinergic receptors, 

resulting in altered neurotransmission and paralysis  

[19]. Therefore, the present work aims to study the 

potential anesthetic properties 

of Cladophoraglomerata methanol extract on the 

physiological and hematological aspects 
of Biomphalariaalexandrina snails as a biological 

model, supported by studying the chemical 

constituents of C. glomerata methanol extract. 

2. Materials and Methods 

2.1 Collection and identification of the alga 

During the summer of 2019, Cladophora 

glomerata (L.) (Kützing, 1843) (Specimen number 

:L.4122502) was obtained from the freshwater pond's 

surface in Giza, Egypt. It was then transported to the 

laboratory, cleaned, washed, and identified in the 

department of botany at Ain Shams University. 

2.2 Algal extraction 

The alga was cleaned with fresh water to 

remove any contaminants. The biomass (70 g) was 

immersed in 1.5 L of methanol for one week at room 

temperature. Then, it was filtrated through filter 

paper 1.5 cm , and the solvent was evaporated using 

an evaporator (BUCHI, Switzerland) and kept in a 
fridge at 4°C until analysis.  

2.3 Preliminary Phytochemical Screening  

According to the method of Abdel-Hady et 

al. [20], phytochemical evaluation of C. glomerata 

extract was conducted to determine the qualitative 

contents of carbohydrates, alkaloids, saponins, 

flavonoids, tannins, sterols, terpenes, and phenolic 

compounds.  

2.4 GC-MS analysis 

According to the procedure described by 

Elangovan  et al. [21], the crude methanol extract of 

the algae was subjected to GC-MS analysis utilizing a 

Thermo Scientific TRACE 1310 Series Gas 

Chromatograph on Helium as a carrier gas in the TG-

SQC column. The sample was insinuated in split 

mode with a constant flow of 1.5ml/min, the mass 

spectral range was (40-1000Hz), the mass transfer 

line temperature was 3000c, and the ion source 

temperature was 3000c. The components were 
identified by comparing their mass spectra and 

retention time. 

2.5 Effect of C. glomerata extract on snails 

2.5.1 Mortality and relaxation 

Adult B. alexandrina snails (8 mm ±1) were 

subjected to various concentrations (100, 300, 500, 

700, and 1000 mg/L) of C. glomerata extract for 20 

h. The snails were checked after 2, 4, 7, 10, 15, and 

20 h, and the relaxation and anesthetic percentages 

were noted. Each dose was tested in three replicates 

with 15 snails/L in each replicate.  Another set of 

snails of the same size was kept in dechlorinated 
water as a control group. After 20 h, they recovered 

in dechlorinated water, and the percentages of the 

mortalities were recorded. The relaxation effect was 

recorded as snails slowly withdrew their soft parts 

inside their shells. Meanwhile, the anesthetic effect 

was recorded when snails lost the ability to pull out 

during exposure. 
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2.5.2 Haematological analysis 

2.5.2.1 Collection of hemolymph 
The hemolymph from each group was 

obtained from 5-7 snails/group by a cardiac puncture 

in the soft part. The B. alexandrina snails were 

cleaned with 70% alcohol and dried [22]. For the 

hematological analysis, 700 μl of hemolymph were 

taken in a 1.5 ml Eppendorf tube. 

2.5.2.2 Count and differentiation of hemocytes 

Twenty microlitres of hemolymph were 
used, and the number of cells in each tested group 

was counted in three replicates by diluting freshly 

collected hemolymph in a leucocyte count solution of 

1:20 ratio. For differential hemocyte investigation, 

hemocyte monolayers were prepared by placing ten 

μl of hemolymph on a glass slide and allowing 

hemocytes to adhere to the glass slide Zelck and 

Becker [23]. Hemocytes were dehydrated with 

methanol for 5 min at room temperature and stained 

[24]. Differential hemocyte counts were recorded in 

each treated and control group. 

2.5.3 Activities of enzymes   

2.5.3.1 Acetylcholinesterase (AChE)  

Each snail's soft part was homogenized in 

0.1 M phosphate buffer (pH 8.0) using a polytron 

homogenizer and centrifuged for 20 min. Using 

acetylthiocholine iodide as the substrate, the 

supernatants were utilized to quantify AchE activity 

[25]. The activity of AChE was measured in 

micromoles of substrate hydrolyzed per milligram of 

protein hydrolyzed per minute. Bovine serum 

albumin (BSA) was utilized as a reference, and 
activities were adjusted to total protein [26]. 

2.5.3.2 Lactate dehydrogenase (LDH) 

The activity of lactate dehydrogenase was 

assessed usingBais and Philcox's[27]methodology in 

the homogenates of snail tissue. 

2.6  Statistical analysis  

The significant variations in granulocytes, 

hyalinocytes and amoebocytes percentages were 

tested using the chi-square test between the control 

and the experimental groups after three periods. Two 

way ANOVA was used to compare the differences in 

total hemocyte count values between all treated 
groups at different exposure intervals and using 

different concentrationsof C. glomerata extract at 

P<0.05.  Meanwhile, One way ANOVA was 

performed to evaluate the significant differences in 

total hemocyte count between all treatments and 

control groups at exposure time and concentrations 

separately at P< 0.05. Data of LDH and AchE 

activities were analyzed using one-way ANOVA to 

evaluate significant differences between the control 

and treatment groups. All statistical analyses were 

carried out using the SPSS computer program 
(version 17).  

3. Results and Discussion 

As shown in Table 1, the current methanolic 

extract of Cladophoraglomerata lacked tannins but 

contained high amount of alkaloids, flavonoids, 

terpenoids and  phenols and moderate amount of 

carbohydrates and saponins. These findings support 
earlier research on C. glomerata[28, 29], and they are 

relatively in line with Petchsomrit et al. [30], who 

claimed that the extract of C. glomerata is a good 

source of phenolic compounds, chlorophylls, 

carotenoids, fatty acids, and antioxidants. According 

to Al Jaber et al. [31], C. glomeratamethanolic 

extract is free of phenols while containing alkaloids, 

flavonoids, tannins, saponins, glycosides, 

triterpenoids, and sterols. Recent researches have 

shown that flavonoids, alkaloids, and saponins have 

broad therapeutic properties. They are commonly 
known for their antioxidant and anti-inflammatory 

effects, inhibiting pro-inflammatory cytokines and 

anti-cancer by promoting apoptosis in cancer cellsby 

producing caspases and immunomodulatory activities 

[32, 33]. Furthermore, terpenoids, alkaloids, and 

flavonoids are present in C. glomerata in high 

amounts which have been shown as a local 

anesthetic, general anesthetic, antinociceptive, 

analgesic, or sedative characteristics [1, 5]. This 

observation supports the results of phytochemical 

screening of C. glomerata, which may have 

anesthetic, antioxidant, and anti-inflammatory 
activities. 

The C. glomeratamethanolic extract bioactive 

substances were detected using GC-MS analysis by 

comparing their mass spectrum fragmentation 

patterns to those reported in the Wiley and NIST 

Mass Spectrallibraries. The retention periods of these 

compounds are shown in (Fig. 1).  A total of 16 

compounds were determined, where  Oleic acid 

(27.72%), methyl palmitate (19.63%), cis-vaccenic 

acid (14.83%), methyl linoleate (12.31%), palmitic 

acid (8.40%), and methyl stearate (6.68%) were the 
most prevalent substances (Fig. 2) and (Table 2). 

 

(++): high amount, (+): moderate amount, (-): Absent. 

Table1 Bioactive compounds in the methanolic 

extract of Cladophoraglomerata 
 

Chemical substances Results 

Carbohydrates + 

Alkaloids ++ 

Flavonoids ++ 

Saponins + 

Phenols ++ 

Tannins - 

Sterols and 

or/Triterpenes 

++ 
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Fig. 1 The chromatogram of GC-Mass spectrophotometry showed 

in methanolic extract of C. glomerata. Oleic acid constitutes a 

mono-unsaturated omega-9 fatty acid that occurs naturally in a 

variety of vegetables.  

 

Oleic acid is a mono-unsaturated omega-9 

fatty acid occurring naturally in various vegetables. It 

appears in the modulatory impacts of numerous 

physiological activities [34]. Some studies have 

shown that oleic acid protects against bacterial, 
cancer, autoimmune, and inflammatory illnesses, 

which may be related to the suppression of 

proinflammatory cytokines and the activation of anti-

inflammatory cytokines [35, 36].  

 

Besides, its ability to improve the immune 

response and its antioxidant activity against cellular 

oxidative stress, DNA damage, and immune system 

modulation [35, 37]. Also, it was reported that oleic 

acid can promote cell proliferation without any 

apoptosis and necrosis [38, 39]. 

 
Methyl palmitate, also known as 

hexadecanoate methyl ester or palmitic acid's methyl 

ester, demonstrated high antioxidant activity by 

lowering oxidative stress indicators, and anti-

inflammatory and anti-apoptotic activity [40, 41, 42]. 

Cis-Vaccenic acid is an omega-7 fatty acid and 

possesses anti-inflammatory, antioxidant, 

antibacterial activity, and hypolipidemic activities 

[43, 44], and it induces erythroid differentiation  [45, 

46]. Methyl linoleate, a fatty acid, exhibits 

immunological activation, protection against 
pathogens, and antioxidant, anti-apoptotic, and anti-

inflammatory properties [47, 48]. 

 

 

 All living organisms contain palmitic acid, 

which has immunomodulatory, anti-inflammatory, 

and antioxidant activities. It could confer pre-

treatment of cells and protection of cell viability 

against oxidative stress [49, 50].  

 

Methyl stearate, a methyl ester of a saturated 

fatty acid, hasantifungal, anti-inflammatory and 

immunomodulatory effects. 

 

 

 It activates polymorphonuclear leucocytes, 

which aid in the fight against infection. It also has 

biological features such as suppression of lipid 

production and antioxidant action [51, 52]. 

 
 

Results in Table (3) shows that the C. 

glomerata extract was safe on snails up to 500 mg/L 

after 24 h of exposure. The relaxation effect was 

observed only with snails exposed to 100 and 300 

mg/L of C. glomerata extract, recorded (13.3 and 

66.6 %, respectively). 

 

 On the other hand, the anesthesia effect was 

observed with snails exposed to 500 mg/L recorded 

100 %. Martins-Sousa et al. [22]reported that 
Cetamine at 250 mg/ L was not harmful to the snails, 

the relaxation of 60 % of Biomphalariasp. snails was 

only after 8 hr of exposure, and complete anesthesia 

was observed in 40% of exposed snails post 20 hours. 

Winlow et al. [12] declared that the ideal anesthetics 

should have no side effects, act as muscle relaxants, 

analgesics, and amnesics, and render the individual 

unconscious.  

 

The safety result also may be attributed to 

Cladophora sp. having a variety of compounds such 
as alkaloids, flavonoids, and terpenoids that have 

been frequently reported to possess local and general 

anesthetic, antinociceptive, analgesic, or sedative 

properties [1, 5].  

 

 

In relaxed snails, the headfoot region slowly 

withdrawn reflex when touched with a single needle 

and no change in color of the soft part. while the 

anesthetized snails showed redness of the soft parts 

after 1 h of exposure (Fig. 3a), and the snails lost 

withdrawal reflex after 7 h (Fig. 3b). The snail's 
group exposed to 500 mg/L of C. glomerata extract 

showed 100% relaxation and complete anesthesia 

after 4 and 7 h, respectively (Table 4). 

 

 Because their relatively simple neural 

networks mediate well-defined and simple behaviors, 

molluscs are considered suitable models for 

anesthetic modes of action that preceded and 

established the foundation for future mammalian 

studies [53]. 
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Table 2  GC-MS analysis of major compounds in methanolic 

extract of C. glomerata 

 

Peak 

no. 

Rt. Area 

% 

MF MW Components Compound 

Nature 

1 17.45 0.48 C4H12ClN 109 Butan-2-amine 

hydrochloride 

organic 

compound 

2 22.40 1.06 C15H30O2 242 Methyl 

myristate 

fatty acid 

methyl ester 

3 24.82 0.64 C22H30N2O

3 
370 Aspidospermidi

n-17-Ol, 1-

acetyl-16-
methoxy- 

alkaloid 

4 26.02 0.81 C20H30O2 302 Arachidonic 
acid 

Fatty acid 

5 26.50 19.63 C17H34O2 270 Methyl 

palmitate 

fatty acid 

methyl ester 

6 28.11 8.40 C16H32O2 256 Palmitic acid Fatty acid 

7 29.60 12.31 C19H34O2 294 Methyl 

linoleate 

fatty acid 

methyl ester 

8 29.74 27.72 C19H36O2 296 Oleic acid Fatty acid 

9 29.83 3.28 C19H36O2 296 Methyl elaidate fatty acid 
methyl ester 

10 30.20 6.68 C19H38O2 298 Methyl stearate fatty acid 
methyl ester 

11 30.54 0.74 C21H34O2 318 methyl 
arachidonate 

fatty acid 
methyl ester 

12 31.20 14.83 C18H31ClO 298 cis-Vaccenic 
acid 

omega-7 
fatty acid 

13 31.50 1.24 C17H36 240 Heptadecane alkane 

14 33.10 0.71 C₆H₁₀O₄ 146 Adipic acid 
/Hexanedioic 

acid 

dicarboxylic 
acid 

15 36.99 0.94 C24H38O4 390 Diisooctyl 
phthalate 

ester 

16 44.19 0.55 C29H50O 414 (3b,24S)-

Stigmast-5-En-
3-Ol 

beta-

sitosterol 

Total area % 100.02  

Rt.: retention time, MF: molecular formula, MW: molecular 

weight 

 
Table 3 The percentages of survival rate, relaxation, and 

anesthesia of B. alexandrina snails exposed to C. glomerata extract 

for 20 h 

 

Concentration 

(mg/L) 

Survival 

rate (%) 

No 

effect 

(%) 

Relaxation 

(%) 

Anesthesia 

(%) 

Control  100 0 0 0 

100 100 86.7 13.3 0 

300 100 33.4 66.6 0 

500 100 0 0 100 

700 60  0 0 100 

1000 0 - - - 

 

Three types of hemocyte cells:hyalinocytes, 

amoebocytes, and granulocytes were observed in 

controlB. alexandrina hemolymph(Fig. 4) by light 

microscopy. Amoebocytes contain clear pseudopodia 

and granulocytes have dense granules in the 

cytoplasm, while hyalinocytes have transparent 

cytoplasm [54].Mohammed et al. [55] considered 

that immuno-cell responses and molecular traits of B. 

alexandrina snails are important biomarkers of 

environmental pollutants. In Biomphalaria snails, 

hemocytes serve as the first line of defense and are 

involved in phagocytosis, cytotoxic responses [56], 

and produce soluble substances such as antimicrobial 

peptides and agglutinins[57, 58]. 

 

 

Fig. 2 The structure of major constituents of in methanolic extract 

of C. glomerata. 
 

 

 
 

Fig. 3  Photos of snails in relaxation and anesthetic states after 

exposure to C. glomerata extract. (a) Snails showing redness of 

their soft parts as a result of increased hemocyte cells after one 

hour of exposure to 500 mg/L of C. glomerata extract, (b) snails 

unable to withdrawal reflex when touched after 7 h post exposure 

to 500 mg/L of C. glomerata extract. 

 

 

Table 4 The percentages of relaxation, anesthesia, and mortality of 

B. alexandrina snails exposed to 500 mg/L of  C. 

glomerata extract for different timeintervals 

 
Exposure time  

(h) 

Relaxation 

% 

Anesthesia 

% 

mortality 

(%) 

2 26.6 0 0 

4 100 0 0 

7 0 100 0 

a b 
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Fig. 4 Light photomicrograph of hemocytes from control B. 

alexandrina snail showing a hyalinocytes (h), 

amoebocytes(a) and granulocytes (g). 

 

Snails exposed to 500 mg/L of C. glomerata 

extract witnessed several abrupt alterations in the 

composition and shape of hemocytes. Additionally, 

this concentration promotes hemocyte proliferation in 

cases where the cell has many nuclei and divided 

cytoplasm (Fig. 5), which may be attributed to the 

presnce of oleic acid that can promote cell 

proliferation [39].  More pseudopodia were extended 
by amoebocytes(Fig. 6). Granulocytes exhabited their 

filopodia and denser, rough granules (Fig. 7). Cell-to-

cell clumping was caused by the hemocytes 

expanding several pseudopodia or filopodia[59]. The 

snails regarded cell-cell clumping as an immune 

protection mechanism. By forming a biological plug 

at the location of the lesion, invertebrate hemocyte 

aggregation reduced accidental blood bleeding and 

prevented the entry of infectious bacteria [60]. 

Additionally, it has been noted that granulocytes with 

rough granules occasionally transport metabolic 

chemicals from the digestive glands or may 

participate in the aggregation process [61, 62, 63]. 

Also, it was found that 1.5 and 2% of the 

urethane solution induced the blood cells to withdraw 

their pseudopodia and detach from the slide 

surface[64]. The current work found that the algal 

extract's effect was more pronounced when snails 

were treated  with 500 mg/l after one hour post-

exposure. However, after 20 hours of exposure, all  

detected had returned to normal levels. These results 
may be attributed to palmitic acid found in the algal 

extract, which has immunomodulatory, 

inflammatory, and antioxidant effects [49], and it 

may provide pre-treatment to cells and cell viability 

protection against oxidative stress  [50]. 

Although the granulocyte percentage of all 

treated snails was lower than that of the control group 

during the whole exposure period (Table 5), the 

percentages of hyalinocytes and amoebocytes were 

greater than those of the control group. In gastropods, 

granulocytes perform the most phagocytosis using 
their dense granules, which contain enzymes 

responsible for the lysis of extracellular substances 

[65, 66]. Hyalinocytes participate in tissue healing, 

coagulation, and immunological response, whereas 

amoebocytes perform phagocytosis and encapsulation 

reactions[67]. Meanwhile, Osman et al. 

[68]indicated that hyalinocytes perform phagocytosis 

but to a lesser extent than granulocytes. 

Table 5 Effect of C. glomerata methanol extract on granulocytes, hyalinocytes and amoebocytes percentages of 
B. alexandrinaat different time of exposure (h). 

Time (hour) Granulocytes Hyalinocytes Amoebocytes 

1 h 2 h 20 h 1 h 2 h 20 h 1 h 2 h 20 h 

Control 74 76 73 19 21 22 7 8 8 

100 mg/L 50*** 55** 48*** 26 33* 40*** 14 8 12 

300 mg/ L 45*** 65 48*** 40*** 26 23 15* 9 16* 

500 mg/ L 36*** 59 64 48*** 31* 22 16* 10 14 

The asterisks indicated significant difference at (*p<0.05, **p<0.01 & ***p<0.001) in hemocytes percentages 

between each treated group and control at each exposure time. 

 

    
Fig. 5 Photomicrograph of hemocytes from B. alexandrina snails exposed to 500 mg/l of C. glomerata  for 1 hr showing  

hyalinocytes division and aggregation.  
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Fig. 6 Photomicrograph of hemocytes from B. alexandrina snails exposed to 500 mg/l of C. glomerata for 1 hr showing 
amoebocytes extending several pseudopodia.  

 

 
Fig. 7 Photomicrograph of hemocytes from B. alexandrina snails exposed to 500 mg/l of C. glomerata  for 1 hr showing (a) 
granulocyte with 2 nuclei (n) (b) granulocyte with more dens granules (c) granulocyte with coarse granules (d) granulocyte 
with filopodia)e) aggregated granulocytes. 

 

According to statistical analysis, the total 

hemocyte count of exposed snails was significantly 

affected by the varied C. glomerata methanol extract 

concentrations and the exposure duration, as shown 

in Fig. (8). The total hemocyte count was directly 
proportional to algal extract concentrations after 1 

hour of exposure. Compared to the control group, the 

snail group subjected to 500 mg/L of C. glomerata 

extract displayed a greater hemocyte count. After 20 

hours of exposure, it then decreased to ordinary level 

(Fig. 8). These findings partially match those of 

Granath and Yoshino [64], who found that after two 

hours of exposure to urethane (ethyl carbamate), the 

total number of hemocytes in Biomphalariaglabrata 

snails increased threefold but then decreased to 

control levels after 12 and 24 hours. They attributed 

their findings to urethane's stimulation of mitotic 
activity in the organ that produces hemocytes, which 

releases many cells into circulation. The possibility 

that the medication causes circulating hemocytes to 

divide is also remote, given that urethane-induced in 

vitro cell culture did not effect on the number of cells 

present.C. glomerata extract may stimulate the 

mitotic activity of circulating hemocytes and produce 

a large number of cells in the hemolymph of the 

treated snails due to the presence of oleic acid, which 

has previously been shown to promote cell 

proliferation without apoptosis or necrosis [38, 39]. 
Acetylcholinesterase (AChE) enzyme 

primarily found in muscles and nerves at postsynaptic 

neuromuscular junctions. Acetylcholine (ACh), a 

naturally occurring neurotransmitter, is instantly 

hydrolyzed into acetic acid and choline[69]. The 

present results showed that a noticeable significant 

decrease in acetylcholinesterase (AChE) activities in 
all treated snails with C. glomerata extract compared 

to the control group after 1 h of exposure (F=6.913, 

df=3,p=0.006) as shown in Fig. (9). However, a 

gradual insignificant decrease was observed after 2 h 

of exposure (F=2.617, df=3,p=0.09) (Fig. 9).  

On the other hand, AChE concentrations 

showed significant decrease in treated snails with 100 

and 300 mg/ L of C. glomerata extract after 20 h of 

the exposure and insignificant decrease was observed 

in treated snails with 500 mg/ L at the same time 

compared to the control group (F=4.748, 

df=3,p=0.021) (Fig. 9). The observed decrease in 
AChE in the present work might be due to the fact 

that C. glomerata extract contains terpenoids, 

alkaloids, and flavonoids, which have frequently been 

reported to have local and general anesthetic, 

antinociceptive, analgesic, or sedative properties [1, 

5]. Also, Woodall et al. [70]observed that propofol 

(an intravenous anesthetic) inhibited only the 

postsynaptic acetylcholine response. Naruo et al. 

[71]discovered that the effects of volatile anesthetic, 

sevoflurane, inhibited the response of the 

postsynaptic nicotinic acetylcholine receptor. Lactate 
dehydrogenase (LDH) is an essential enzyme because 

it regenerates NAD+ and allows for continued carbon 
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flow through the glycolytic pathway to support 

anaerobic ATP synthesis [72]. This process can be 

significant in organisms exposed to hypoxic or 

anoxic conditions for extended periods. In the present 

work, LDH levels dramatically decreased in all 

treated snails with C. glomerata methanol extract 

after 2 and 20 h of exposure compared to the control 

group (Fig. 10). 

 

 

Fig. 8 Effect of C. glomerata methanol extract on total hemocytes count from B. alexandrina. Different letters in each period 

indicate significance between the control and treatment groups at P < 0.05, using (one-way ANOVA). 

 
Fig. 9 Effect of C.glomerata methanol extract on acetyl cholinesterase (AChE) concentration (Mm/g. tissue) in B. alexandrina 

at different exposure times. Different letters in each period indicate significance between the control and treatment groups at P 

< 0.05, using (one-way ANOVA). 

 

Fig. 10  Effect of C. glomerata methanol extract on Lactate dehydrogenase concentration (LDH) (U/g. tissue) in B. 

alexandrina at different exposure times. Different letters in each period indicate significance between the control and 

treatment groups at P < 0.05, using (one-way ANOVA). 
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However, low levels of LDH are uncommon 

and not regarded as dangerous [73]. This means there 

is no damage occurring in treated snail tissue. This 

result may be attributed to the presence of fatty acids 

found in C. glomerata methanol extract. Also, this 

result is matched by  Sepulveda and Pak[74], who 

prepared a lipid emulsion formulation containing 

(linoleic acid, oleic acid, palmitic acid, alpha-

linolenic acid, and stearic acid) and reported these 

fatty acids can reduce anesthetic toxicity. On the 
other hand, Mustafa et al. [75] observed a significant 

increase in LDH activity in both experiments of 

anesthesia and surgery at 24 hr post-injection of the 

anesthetic regime, with a significantly increased heart 

rate and decrease in respiratory rate, and attributed 

this increase to the muscular damage due to surgery. 

Additionally, a serum LDH isozyme concentration 

reflects several types of tissue injury. Depending on 

the degree of tissue injury, the enzyme can remain 

elevated in the bloodstream for up to 7 days. Also, 

organ damage results in significant cell death and 
cytoplasm loss, which raises serum LDH levels [76]. 
 

4. Conclusions 

Cladophoraglomerata extract was safe 

on Biomphalariaalexandrina snails. The relaxation 

effect was observed with snails exposed to 100 and 
300 mg/ L of the extract, recording at 13.3 and 66.6 

%, respectively, while the anesthesia effect was 

observed with snails exposed to 500 mg/ L, reaching 

100%. The total hemocyte count was directly 

proportional to the concentrations of C. 

glomerata extract after 1 h, and it returned to normal 

level after 20 h of exposure. A noticeable decrease 

was recorded in activities of AChE and LDH levels 

in all treated snails after different times and this may 

be due to terpenoids, alkaloids, and flavonoid 

compounds in the algal extract. After one hour of 
exposure, C. glomerata extract caused several fast 

changes in the morphology and composition of 

hemocytes and stimulated hemocyte proliferation, 

which may be attributable to oleic acid in the extract. 

According to GC-MS results, the methanolic extract 

of C. glomerata contains substances that may be 

anesthetic, antioxidant, and anti-inflammatory, as 

well as promoting cell proliferation. However, 

recommended further analysis is needed to identify 

the activity and role of terpenoids, alkaloids, and 

flavonoids found in C. glomerata.   
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