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Abstract: The current investigation provided the first more detailed study into the comparative histopathological and hematology 

changes induced by melanin extracted (ME) from Sepia pharaonis’ ink in both albino and pigmented mice. Additionally, the role 

of glutathione (GSH) as a melanin-control drug has been investigated when administrated simultaneously with ME. S. pharaonis’ 

ME had harmful effects on the mammalian digestive system at the current dose (25 mg/kg). In hepatocytes, it causes inflammation 

with lymphocyte aggregation from damaged cells and vacuolation deformation at the stomach, colon, liver, and spleen. However, 

the skin showed an increase in hair follicle number and some inflammations. The administration of ME showed an increase in 

blood platelets and elevation of lymphocytes. The co-administration of GSH simultaneously with ME reduced some of these 

abnormalities. ME showed a greater influence on the treated spleen and skin compared with those treated with both ME and GSH. 

Additionally, the effect of GSH treatment concurrently with ME controlled these alterations and decreased inflammation, as well as 

vacuolation. The present study highlights some in vivo negative parameters produced by ME extracted from S. pharoanis, and this 

may be useful for people who eating foods containing ink. Additionally, more investigations are needed to illustrate the importance 

of ME when it is used in skincare cosmetics. 
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1. Introduction 

Cephalopods are soft-bodied marine molluscs; they 

constitute a famous source of food components. The ink of 

cephalopods is used as food. The most prevalent application 

is as a food flavoring, which is used worldwide. Because of 

its excellent flavor, cuttlefish ink is used in the majority of 

commercial squid inks [1] as well as processed inks are used 

in food coloring [2]. Because of its antibacterial properties, 

cuttlefish ink is also used cuttlefish meat preservative, to 

extend its shelf life [3, 4], it also used traditionally in 

Mediterranean diet [5] or south-Asian culinary preparations 

[6] and in special occasions for some ethnic groups [7].  

Cephalopod ink is composed of two main ingredients, 

black ink secretes from the ink sac and mucus secretes from 

the funnel organ [4]. The ink is chemically composed of 

melanin, proteins, peptides, glycosaminoglycan, and certain 

enzymes such as tyrosinase, dopamine and L-DOPA. In 

addition, it contains lipids, heavy metals and lower levels of 

amino acids such as aspartic acid, taurnie acid, glutamic 

acid, lysine and alanine [8].  

Cephalopods melanin extract (ME) showed many 

biological activities such as antioxidant [9, 10], anti-

microbial [10-14], and anti-inflammatory [15], and chemo 

prophylactic activities [16]. Moreover, ME from 

cephalopods inhabited the gastric juice secretions in rats [17- 

19]. The binding characteristics of neuromelanin in 

Parkinson’s disease model was studied using Sepia’s ME 

[20]. 

Glutathione (GSH) is considered as an antioxidant [21]; 

it has a vital role to reduce the toxicities of drugs and 

xenobiotics [22]. It plays a role in detoxification of hydrogen 

peroxide as a hydrogen donor. In addition, GSH plays a role 

in improving liver abnormalities [23, 24].  As a result, GSH 

can be used as a food or health supplement, as well as a 

pharmaceutical agent. It is even used to treat autistic children 

[25]. 

The purpose of the current investigation is to give a 

comparative study on the histopathological abnormalities 

induced by ME extracted from S. pharaonis’ ink and the 

ameliorative role of GSH after oral administration into 

albino and pigmented mice. These histopathological tests 

were performed on five mammalian tissues including the 

liver; as a detoxifier organ that breaks down poisons, 

narcotics, other substances and xenobiotics [26]. 

Additionally, the spleen which is the biggest lymphatic 

organ followed by the colon and stomach which are 

responsible for absorption and mucosal immunity. Finally, it 
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applied to the skin which is used to assess the effect of 

melanin on hair follicles and the skin in general. 

2. Materials and methods 

2.1. Materials 

Hematoxylin and eosin stains were bought from Sigma-

Aldrich (Ontario, Canada). GSH source was from Alpha 

Hepadox capsules, each capsule contains 200 mg of GSH per 

capsule (Zoser Pharma, Egyptian Company). The rodent 

chow used for daily feeding of rodents was obtained from 

Feed Mix Egypt Co, El Obour town, El- Qalyubia 

Governorate, Egypt.  

2.2. Cuttlefish collection and melanin extraction 

The fresh cuttlefish, S. pharaonis were collected from 

Hurghada coastal waters by a fisherman, Red Sea 

Governorate, Egypt. They were transported to the 

Department of Zoology, Faculty of Science, Sohag 

University in an icebox. Ink sacs of cuttlefish were dissected 

out. Inks were removed from the ink sacs, and they were 

diluted by cold distilled water (4°C), it was then centrifuged 

(three times) at 18,000 RPM for 30 minutes at 4°C in a 

refrigerated centrifuge. The obtained supernatant was termed 

as "melanin-free ink”. The remaining precipitate melanin 

(ME) was immediately frozen and kept at −20°C [27] 

sequentially. Lyophilization was carried out in a freeze 

dryer, then, ME was obtained and later it was characterized 

using infrared (IR) spectroscopy. The cuttlefish S. pharaonis 

were identified according to Riad [28]. 

2.3. Experimental design 

Male adult albino mice (Mus musculus) were used as an 

experimental model for this study. The mice were purchased 

from Animal House, Department of Zoology, Faculty of 

Science, Sohag University, and Sohag Governorate, Egypt. 

Male-pigmented mice (C57BL/6) weighted about 25± 2 g, 

were purchased from Animal House, Cairo University, Cairo 

Governorate, Egypt. Animals were housed in a ventilated 

animal house at (25± 2°C; 12 h light/dark regime). Mice 

were supplied with clean water and food regularly and left to 

acclimatize for 6 days prior to the experiment. All animal 

experiments were performed under the guidelines and ethics 

approved by the Animal Experiment Committee at the 

Department of Zoology, Faculty of Science, Sohag 

University (Protocol No: CSRE-3-23). 

A total number of 15 adult albino mice and 15 adult 

pigmented mice were used for this experiment. Both Albino 

mice and pigmented mice were divided randomly into 3 

groups as follows: The 1st group (negative control) received 

a standard mice chow diet and water. The 2nd group (ME 

group) was orally administrated with ME (25 mg/kg) for 3 

weeks using animal feeding gavage [24]. The 3rd group (ME 

+ GSH group) was orally administrated with GSH (100 

mg/kg) for 5 weeks and simultaneously ME (25 mg/kg) was 

injected for 3 weeks starting from the 2nd week of GSH 

injection. At the targeted time point, animals of all groups 

were anesthetized using an overdose of diethyl ether and 

carefully dissected. Small parts of the liver, spleen, skin, 

stomach, and colon were obtained from each mouse for 

routine histology.  

2.4. Histological investigations 

For hematoxylin and eosin (H&E), each organ was fixed in 

Carnoy's fixative. Tissues were dehydrated in an ascending 

series of ethyl alcohol. They were cleared in methyl benzoate 

and toluene and then embedded in paraffin for six hours. 

Sections of 5-7 µm were obtained using rotary microtome. 

Sections were mounted on clean glass slides deparaffinized 

with xylene and dehydrated in a descending series of 

alcohol. Sections were stained with H&E, DPX-mounted, 

covered with glass slide covers, and viewed under a light 

microscope [29].  

2.5. Biochemical analysis  

The blood was collected from each animal using EDTA-

containing blood vials and then analyzed using hematology 

analyzer (HA-Vet clinging system BVBA, Belgium) to 

measure the levels of the following parameters: Hemoglobin 

(HGB), red blood corpuscles (RBCs) numbers, mean 

corpuscular hemoglobin (MCH), mean corpuscular volume 

(MCV), mean corpuscular hemoglobin concentration 

(MCHC), blood platelet numbers, and lymphocytes numbers.  

3. Results 

3.1. Histopathological examinations of the liver 

3.1.1. Liver of albino mice 

The control liver of albino mice showed normal 

histological architectures with normal hepatic parenchyma. 

Hepatocytes showed normal nuclei and cytoplasm. Hepatic 

blood vessels showed normal bio-distribution and 

appearance (Fig. 1 A, B, and C). After 3 weeks of ME 

administration, the liver showed severe degeneration and 

vacuolation in the hepatocyte’s cytoplasm, diameters 

enlargement, and congestion in most of the hepatic portal 

vein as well as mild dilation of the blood vessels (Fig. 1 D, 

E, and F). Cytoplasmic degeneration and vacuolation 

slightly decreased after co-administration of both GSH and 

ME as compared with only ME administration (Fig. 1 G, H, 

and I). In general, the histological structure of the liver 

slightly improved after the co-administration of GSH with 

ME.  

3.1.2. Liver of pigmented mice 

Similar to albino mice, a normal histological architecture 

with intact hepatic strands and hepatocytes was observed in 

the control liver of pigmented mice (Fig. 2 A, B, and C). 

After 3 weeks of ME administration, some lymphocyte 

aggregations within the hepatic parenchyma as well as 

cytoplasmic vacuolation were observed. Additionally, 

degeneration and vacuolation in the hepatocyte’s cytoplasm, 

enlargement, and congestion of the hepatic portal vein was 

observed after administration of ME (Fig. 2 D, E, and F). 

Compared with the ME-treated group, the number of 

lymphocyte aggregations decreased around both the hepatic 
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portal vein and central veins after 5 weeks of GSH 

simultaneously administered with ME (Fig. 2 G, H, and I). 

 

Figure 1:   Photomicrographs from sections of albino mice liver 

stained with H&E. A, B, and C: Control liver with normal structure. 

D, E, and F: after 3 weeks of ME injection showing blood vessel 

dilation and cellular vacuolation. G, H, and I: after 5 weeks of GSH 

and ME administration showing a decrease of lymphocytic 

infiltration (bold arrows), vacuolar degeneration (arrowheads), 

dilation and congestion of the central vein (arrow) and basophilic 

affinity of the cytoplasm. Abbreviations: CV = central vein. Scale 

bar:  A, D, and G = 50 µm; B, E, and H = 10 µm and C, F, and I = 5 

µm. 

3.2. Histopathological examinations of the spleen 

3.2.1. Spleen of albino mice 

The control spleen of albino mice showed normal 

histological architectures. Mainly, the spleen is composed of 

two parts white pulp and red pulp. The white pulp is a 

lymphatic follicle, containing mainly lymphocytes. The red 

pulp surrounds the white pulp and contains erythrocytes and 

immune cells (Fig. 3 A, B, and C). The ME treatment 

showed different histopathological changes in the spleen 

after 3 weeks of administration. Additionally, several 

aggregations of lymphocytes infiltrations were seen scattered 

in the spleen red pulp, as well as higher number of 

megakaryocytes, and distortion in the shape of spleen 

follicles compared to those in the control group (Fig. 3 D, E, 

and F). Administration of GSH simultaneously with ME 

showed slightly reduced abnormalities induced by ME 

extract treatment only (Fig. 3 G, H, and I).  As a result, our 

study showed that GSH can regulate the irregularities caused 

by ME treatment. 

3.2.2. Spleen of pigmented mice 

The spleen of control pigmented mice showed normal 

histological structures with normal splenic cells and intact 

spleen follicles with normal white and red pulps with intact 

hepatic strands and hepatocytes (Fig. 4 A, B, and C). There 

are no obvious differences between the histological structure 

of the control spleen in albino and pigmented mice. 

The oral administration ME showed several 

histopathological abnormalities after 3 weeks (Fig. 4 D, E, 

and F). These abnormalities include lymphocytes 

aggregations scattered in the spleen red pulp, while, after 5 

weeks of simultaneous GSH administration, ME spleen 

showed a lower number of lymphocyte infiltration (Fig. 4 G, 

H, and I). 

After 3 weeks of ME administration (Fig. 4 D, E, and F), 

the spleen showed a higher number of megakaryocytes and 

distortion in the follicle shape compared to those in the 

control group. As a result, after 5 weeks of administration of 

(GSH and ME), this group exhibited better histological 

structures than the second group of ME administration. 

 

Figure 2: Photomicrographs from sections of pigmented mice liver 

stained with H&E. A, B, and C:  Normal structure of control liver. 

D, E, and F: after 3 weeks of ME administration showing 

lymphocytic infiltration, blood vessel dilation and vacuolation 

degeneration in the hepatocytes G, H, and I: after 5 weeks of GSH 

and ME administration showing a decrease of lymphocytic 

infiltration (bold arrows), vacuolar degeneration (arrowheads), 

dilation and congestion of the central vein (arrow) and basophilic 

affinity of the cytoplasm. Abbreviations: CV = central vein. Scale 

bar:  A, D, and G = 50 µm; B, E, and H = 10 µm and C, F, and I = 5 

µm. 

3.3. Histopathological examinations of the skin 

3.3.1. Skin of albino mice 

The control skin of albino mice showed normal 

histological structures with normal melanocyte bio-

distribution (Fig. 5 A, B, C, and D). After 3 weeks of ME 

administration, the skin showed inflammation with 

lymphocyte aggregation, some damaged cells, and 

vacuolation (Fig. 5 E, F, G, and H). After 5 weeks of GSH 

and ME administration, some cells showed slight 

vacuolation and lymphocyte aggregation and tissue showed 
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less inflammatory response (Fig. 5 I, J, K, and L). 

Additionally, the number of hair follicles increased after 3 

weeks of administration of ME compared to normal skin or 

after 5 weeks of GSH administration and ME. 

 

Figure 3: Photomicrographs from sections of albino mice spleen. 

A, B, and C: normal spleen structure. D, E, and F: after 3 weeks of 

ME administration showing an elevation of megakaryocytes 

numbers, mild infiltration of the lymphoid cells (arrows) and mild 

follicle shape distortion. G, H, and I: after 5 weeks of GSH and ME 

administration showing a decrease of lymphocytic aggregations 

(arrows) within the red pulp, and follicle shape distortion. 

Abbreviations: RP: red pulp; WP: white pulp. Scale bar:  A, D, and 

G = 50 µm; B, E, and H = 10 µm and C, F, and I = 5 µm. 

3.3.2. . Skin of pigmented mice 

The pigmented mice’s skin showed normal histological 

architecture with normal melanocyte bio-distribution (Fig. 6 

A, B, C, and D). The tissue structure of the normal skins of 

albino and pigmented mice are semi-identical. 

Following the administration of ME for three weeks, 

inflammation was seen along with lymphocyte aggregation 

from harmed cells and vacuolation (Fig. 6 E, F, G, and H). 

Sections exhibit a reduced inflammatory response after 5 

weeks of GSH and ME with minor vacuolation and 

lymphocyte aggregation (Fig. 6 I, J, K, and L). The third 

group (GSH + ME) demonstrated improvement in the tissue 

inflammation and abnormalities compared to those of the 

second group (ME only). 

3.3.3. Skin of pigmented mice 

The pigmented mice’s skin showed normal histological 

architecture with normal melanocyte bio-distribution (Fig. 6 

A, B, C, and D). The tissue structure of the normal skins of 

albino and pigmented mice are semi-identical. 

Following the administration of ME for three weeks, 

inflammation was seen along with lymphocyte aggregation 

from harmed cells and vacuolation (Fig. 6 E, F, G, and H). 

Sections exhibit a reduced inflammatory response after 5 

weeks of GSH and ME with minor vacuolation and 

lymphocyte aggregation (Fig. 6 I, J, K, and L). The third 

group (GSH + ME) demonstrated improvement in the tissue 

inflammation and abnormalities compared to those of the 

second group (ME only). 

 

Figure 4: Photomicrographs from sections of pigmented mice 

spleen stained with H&E. A, B, and C: showing control spleen with 

normal architecture. D, E, and F: after 3 weeks of ME 

administration showing an increase of megakaryocytes (arrows), 

mild aggregations of the lymphoid cells (bold arrows) and mild 

follicle shape distortion. G, H, and I: after 5 weeks of GSH + ME 

administration showing a decrease of lymphocytic aggregations 

within the red pulp (bold arrows), and follicle shape distortion. 

Abbreviations:  RP: red pulp; WP: white pulp. Scale bar:  A, D, and 

G = 50 µm; B, E, and H = 10 µm and C, F, and I = 5 µm. 

Quantitative analysis of hair follicles 

Figure 7 showed the changes in the number of hair 

follicles following administration of ME (Group 2) and GSH 

+ ME administration (Group 3), compared to the control. 

After 3 weeks, the ME showed a significant increase in the 

number of hair follicles in albino mice and in pigmented 

mice. After 5 weeks of GSH + ME treatment, the number of 

hair follicles improved and became comparable to the 

control group. 

3.4. Histopathological examinations of the stomach 

3.4.1. Stomach of albino mice 

The histological structures stomach of the control albino 

mice showed normal architectures. The gastric glands 

appeared as equal deep cavities perpendicular to the stomach 

wall. Each pit has several tiny straight tubular ducts that 

emerge into it (Fig. 8 A, B, and C). 

Sections of albino mice stomach after 3 weeks of ME 

administration (Fig. 8 D, E, and F) showed inflammations 
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and lymphocyte aggregations from damaged cells in the 

lamina propria area. Vacuolation, distortion in the mucosal 

epithelium and detachment of lamina propria were observed. 

After 5 weeks of GSH and ME administration, vacuolations 

and lymphocyte aggregations were decreased (Fig. 8 G, H, 

and I). Consequently, the third group (GSH and ME) 

demonstrated an obvious improvement in histological 

structure after 5 weeks of administration compared to the 

second group. 

3.4.2. Stomach of pigmented mice 

The stomach of control pigmented mice showed normal 

architectures (Fig. 9 A, B, C and D). There is no variation in 

the histological structure of albino and pigmented mice's 

normal stomach. After 3 weeks of ME administration (Fig. 

9, E, F, G and H), inflammation with lymphocyte 

aggregation from damaged cells, cytoplasmic vacuolation, 

distortion in the mucosal epithelium, and detachment of 

lamina propria were observed. (Fig. 9 I, J, K, and L) after 5 

weeks of GSH and ME administration, vacuolation and 

lymphocyte aggregation decreased. Finally, after 5 weeks of 

administration, the third group (GSH and ME) had a 

somewhat normal histological structure. 

3.5. Histopathological examinations of the colon 

3.5.1. Colon of albino mice 

The colon of control albino mice has normal columnar 

cells and many goblet cells. The muscular mucosa forms the 

core of each villus and fill the spaces between glands. Each 

villus contains a central lymph vessel and the lacteal (Fig. 10 

A, B, C, and D). After 3 weeks of ME extract administration, 

cross sections of colon showed inflammation with 

lymphocyte aggregation from damaged cells and detachment 

from the epithelium (Fig. 10 E, F, G, and H). After 5 weeks 

of GSH and ME administration, a decrease in vacuolation 

and lymphocyte aggregations were observed (Fig. 10 I, J, K, 

and L), compared with the colon after 3 weeks of 

administration of ME. 

3.5.2. Colon of pigmented mice 

Likewise, sections of pigmented mice colon showed 

normal architecture like albino mice (Fig. 11 A, B, C, and 

D). After 3 weeks of ME administration, the treated colon 

showed inflammation with lymphocyte aggregation from 

damaged cells. (Fig. 11 E, F, G, and H). After 5 weeks of 

GSH and ME administration, a decrease in cellular 

vacuolation and lymphocyte aggregation compared with 

treated colon ME only for 3 weeks (Fig. 11 I, J, K, and L) 

was observed. 

3.6. Biochemical analysis 

Figures 12 and 13 showed the changes in hematological 

parameters following ME (Group 2) and GSH + ME (Group 

3) treatments. When compared to the control, after three 

weeks, the ME revealed a decrease in HGB, RBCs count 

MCV, MCHC, and MVC, as well a significant increase in 

platelets and lymphocytes of both albino and pigmented 

mice. However, after 5 weeks of GSH and ME 

administration, exhibited increments of HGB, RBCS count, 

MCV, MCHC, and MVC. A significant decrease is noted in 

platelets of both albino mice and pigmented mice compared 

to group one, while lymphocytes of albino mice were 

significantly decreased. 

  

Figure 5: Photomicrographs from sections of albino mice skin 

stained with H&E. A, B, C, and D: showing control skin with 

normal architecture and melanocytes bio-distribution. E, F, G, and 

H: after 3 weeks of ME administration showing inflammation with 

lymphocytes aggregation (arrows) from damaged cells and 

vacuolation (arrows heads). I, J, K, and L: after 5 weeks of 

GSH+ME administration showing slight vacuolation and 

lymphocytes aggregation, sections show less inflammatory respond. 

C, G, and K: hair follicles sowing erosions. Scale bar:  A, E, and I = 

50 µm; B, F, and J = 10 µm and C, D, G, H, K, and L = 5 µm. 

4. Discussion 

The current study provided the first new understanding of 

the comparative histopathological alterations induced by a 

single dose (25 mg/kg) of ME extracted from ink of S. 

pharoanis in both albino and pigmented mice. Additionally, 

the ameliorative role of GSH, as a medication that controls 

melanin, when administered alongside with ME is studied.   

The main distinction between melanocytic and albino 

animals is that melanocytic denotes an abundance of 

pigmentation enzymes, whereas albino denotes a lack of 

pigmentation enzymes [30, 31].  

The histological abnormalities in the liver parenchyma 

after oral injection of ME include lymphocyte aggregations, 

vacuolar degeneration and congestion and enlargement of 

the hepatic portal vein tissues. S. pharaonis ME caused 

negative impacts on mammalian hepatocytes at the current 

concentration (25 mg/kg) in both albino and pigmented 

mice. Similarly, 5, 6-dihydroxy indole (DAI) as one of ME 

compositions  was shown to be cytotoxic for non-

melanocytic cells and had no discernible impact on 

melanoma cells [32, 33].  
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Figure 6: Photomicrographs from sections of pigmented mice skin 

stained with H&E. A, B, C, and D: showing control skin with 

normal architecture and melanocytes bio-distribution. E, F, G, and 

H: after 3 weeks of ME administration-showing inflammation with 

lymphocytes aggregation (arrows) from damaged cells and 

vacuolation (arrows heads). I, J, K, and L: after 5 weeks of GSH + 

ME administration showing slight vacuolation and lymphocytes 

aggregation, sections show less inflammatory respond. C, G, and K: 

comparison between hair follicles which showing erosion. Scale 

bar:  A, E, and I = 50 µm; B, F, and J = 10 µm and C, D, G, H, K, 

and L = 5 µm. 

 

.Figure 7: Semi-quantitative analysis of the modifications in albino 

and pigmented mice hair follicles:  G1 control. G2: After 3 weeks 

of ME administration showing a substantial increase in the number 

of hair follicles (p ≤ 0.01) in albino mice and (p ≤ 0.001) in 

pigmented mice. G3: After 5 weeks of GSH + ME administration, 

the number of hair follicles was improved (p ≤ 0.001) in albino 

mice and (p ≤ 0.001) in pigmented mice. 

 

Figure 8: Photomicrographs from sections of albino mice stomach 

stained with H&E. A, B, and C: showing control stomach with 

normal architecture. D, E, and F: after 3 weeks of ME  
administration  showing inflammation with lymphocytes 

aggregation (arrows) from damaged cells, vacuolation (arrows 

heads) distortion in mucosal epithelium and detachment of lamina 

propria. G, H, and I: after 5 weeks of GSH + ME administration 

showing increasing in vacuolation and lymphocytes aggregation.  
Scale bar:  A, D, and G = 50 µm; B, E, and H = 10 µm and C, F, 

and I = 5 µm. 

 

Figure 9: Photomicrographs from sections of pigmented mice 

stomach stained with H&E. A, B, and C: Control stomach with 

normal architecture. D, E, and F: After 3 weeks of ME 

administration  showing inflammation with lymphocytes 

aggregation (arrows) from damaged cells, vacuolation (arrows 

heads), distortion in mucosal epithelium and detachment of lamina 

propria. G, H, and I: after 5 weeks of GSH + ME administration 

showing increasing in vacuolation and lymphocytes aggregation. 

Scale bar:  A, D, and G = 50 µm; B, E, and H = 10 µm and C, F, 

and I = 5 µm.  
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Figure 10: Photomicrographs from sections of albino mice colon 

stained with H&E. A, B, C, and D: showing control colon with 

normal architecture.  E, F, G, and H: after 3 weeks of ME 

administration  showing inflammation with lymphocytes 

aggregation (arrows) from damaged cells and vacuolation (arrows 

heads). I, J, K, and L: after 5 weeks of GSH + ME administration 

showing increasing in vacuolation and lymphocytes aggregation. 

Scale bar is 50 mm for A, E, and I 10 mm for B, F, and J, and 5 mm 

for C, D, G, H, K, and L. Scale bar:  A, E, and I = 100 µm; B, F, 

and J = 50 µm and C, G, and, K= 10 µm, and D, H, and L = 5 µm. 

 

Figure 11: Photomicrographs from sections of pigmented mice 

colon stained with H&E. A, B, C, and D: showing control colon 

with normal architecture.  E, F, G, and H: after 3 weeks of ME 

administration-showing inflammation with lymphocytes 

aggregation (arrows) from damaged cells and vacuolation  (arrows 

heads). I, J, K, and L: after 5 weeks of GSH+ME administration 

showing increasing in vacuolation and lymphocytes aggregation.  

Scale bar:  A, E, and I = 100 µm; B, F, and J = 50 µm and C, G, 

and, K= 10 µm, and D, H, and L = 5 µm. 

 

Figure 12: Hematological parameter alternations of albino mice. 

After three weeks, the ME showing a decrease in HGB, RBC count, 

MCV, MCHC, and MVC, as well as a significant increase (p ≤ 

0.001) in platelets, and a significant increase (p ≤ 0.001) in 

lymphocytes. After 5 weeks of GSH and ME administration, 

exhibited a rise in HGB, RBC S count, MCV, MCHC, and MVC. 

However, very significant decreases in platelets (p ≤ 0.001) as 

compared to group one and a significant drop in lymphocytes (p ≤ 

0.001) were appeared. 
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Figure 13: Hematological parameter alternations of pigmented 

mice. After three weeks, the ME revealed a decrease in HGB, RBC 

count, MCV, MCHC, and MVC, as well as a substantial rise (p < 

0.001) in platelets and lymphocytes. After 5 weeks of GSH and ME 

administration, exhibited a rise in HGB, RBC S count, MCV, 

MCHC, and MVC. But showing a very significant decrease in 

platelets (p ≤ 0.01) as compared to group one, while showing no 

significant result in lymphocytes. 

Regarding to other marine defensive secretion, the ink of 

sea hares Aplysia oculifera and A. fasciata induced similar 

abnormalities caused by ME extract when injected 

intraperitoneally in mice at levels of 67.8 and 56.4 mg 

protein/kg [34]. However, a dose (50mg protein/ml) of 

Aplysia dactylomela’s ink displayed degeneration in the 

hepatocytes, cytoplasmic vacuolation, chromatinolysis, and 

hypertrophy [35].  

Additionally, the extracted toxin azaspiracid  from 

Patinopecten yessoensis mussels produced high degeneration 

and cellular necrosis in the hepatocytes after 24 hours at a 

dosage of 0.3 mg/kg [36]. On contrast, ME extracted from 

the fungus Auricularia auricula showed a reduction in 

alcohol-induced liver damage [37]. Furthermore, marine 

algal toxins (azaspiracid and okadaic acid) in the range from 

0.3 to 0.45 mg/kg, caused moderate liver damage and fatty 

changes in hepatocytes [38]. 25 mg/kg injection of the cone 

snail Conus lentiginosus's venom produced degeneration of 

hepatocytes, hemolyzed blood in central veins and developed 

granulomatous lesions in the perivascular area of treated 

mice. Constriction of the sinusoidal space and hyperplasia of 

cortical cells and distinct hepatocyte pyknosis as well as 

vacuolated regions like honeycombs have been noticed in 

albino mice treated with venoms of Conus inscriptus and C. 

lentiginosus [39]. 

Regarding the histopathological changes induced in the 

spleen in this study, ME had induced some histopathological 

abnormalities such as lymphocytic aggregations and red pulp 

infiltration, increasing the number of megakaryocytes and 

distorting the follicle's structure. The growing number of 

megakaryocytes was in line with the present hematological 

study that detects noticeably higher platelet counts after ME 

administrations to both albino and pigmented mice. 

Megakaryocytes are the cells that produce platelets [40]. 

Oral administration of the acid secretion of the sea slug 

Berthellina citrina caused atrophy in the white pulp, 

decrease in the splenocytes density, megakaryocytes 

cytoplasmic degeneration as well as inflammatory cells 

infiltrations [41].  

In the same context, ink of A. dactylomela showed 

apoptotic splenic macrophages in male mice when injected 

intraperitoneally  with 50 mg protein/ml [42]. Similarly, 

administration of the marine algal toxin azaspiracids isolated 

from mussels caused damage to lymphocytes and necrosis in 

the spleen of mice [36]. 

The most noticeable hematological indicators in the 

current study related to a considerable rise in platelets, 

lymphocytes, and a significant decrease in HGB, RBC count, 

MCV, MCHC, and MVC. The hemolytic process may have 

contributed to the significant increase of platelets in this 

case. As a result, these changes indicated the immunity 

inhibition as a result of administration of the ME in both 

types of mice. It is commonly recognized that white blood 

cells (WBCs) are essential for immunological response and 

for defending the body against illnesses and external 

invaders [43 - 45]. 

https://sjsci.journals.ekb.eg/


 

©2024 Sohag University    sjsci.journals.ekb.eg  Sohag J. Sci. 2024, 9(4), 395-404 403 

Treatment with ME caused inflammation with 

lymphocyte aggregation from damaged cells, vacuolation 

deformation in the mucosal epithelium, and lamina propria 

separation. It also increased vacuolation and lymphocyte 

aggregation after 5 weeks of GSH and ME treatment. In the 

intestine, glutathione peroxidases are essential for the 

detoxification of reactive oxygen species (ROS) generated 

during inflammation and for the prevention of bacterial 

colonization [46]. 

The colon suffered from inflammation, lymphocyte 

aggregation, lamina propria degeneration and detachment of 

epithelium after administration with ME. Following GSH 

and ME treatment, there was a decrease in vacuolation and 

lymphocyte aggregation compared with normal colon of 

three weeks after administration. In accordance the extract of 

marine algae Gonyaulax monilata administered orally 

produced extensive and severe congestion of the abdominal 

visceral organs [47]. GSH is a water-soluble, low-molecular-

weight thiol-tripeptide comprised of three amino acids; 

glutamate, cysteine, and glycine [48, 49] acts as an 

antioxidant in the human body is critical in the detoxification 

of pharmaceuticals, hydrogen peroxide and xenobiotics [21, 

22].  

Herein, S. pharaonis ME caused negative impacts for 

the mammalian digestive system at the current level (25 

mg/kg). Such results are in accordance to  the oral 

administration of a combination of the shellfish toxins 

yessotoxin and homoyessotoxin which caused degenerative 

lesions in mice's small intestines  [50]. In a mouse model of 

inflammation-associated carcinogenesis, glutathione 

peroxidase-2 and selenium reduced inflammation and tumors 

[51]. Through the inhibition of H2O2-mediated activation of 

the NF-KB and P38 MAPK signaling pathways, which 

control intestinal inflammation and death, GSH appears to 

reduce oxidative damage in intestinal epithelial cells [52]. 

In this work, the histological sections in both albino and 

pigmented mice demonstrated inflammation and vacuolation 

after treatments with ME. Tissues showed a reduction in 

inflammations and abnormal response following GSH and 

ME injection demonstrating mild vacuolation and 

lymphocyte aggregation. Furthermore, whether compared to 

normal skin or after 5 weeks of GSH and ME administration, 

the hair follicles increased after 3 weeks of administration of 

ME-only extract. Follicle melanocytes have the ability to 

function as regulators of hair development in addition to 

pigmentary cells. So, increasing of melanin and melanocytes 

causes an increase in the number of hair follicles [53 - 55].  

5. Conclusion 

The present study revealed that, histopathological 

abnormalities produced by the oral injection of the ME 

extracted from S. pharaonis’ ink in both white and 

pigmented mice. Some hematological parameters were 

measured to support these impacts in some organs of mice.  

After 3 weeks of ME treatment, it was clearly that ME may 

be somewhat harmful to the mammalian digestive system at 

the current dose (25 mg/kg), resulting in inflammation with 

lymphoid cell aggregation from cell damage and vacuolation 

deformation at the stomach and colon.  Histopathological 

deteriorations appeared in liver and spleen tissues, but skin 

showed a rise in hair follicle numbers and some 

inflammation. Furthermore, GSH reduced inflammation and 

vacuolation. 

The current research introduces new information about 

the abnormalities produced by ME extracted from S. 

pharaonis’ ink and the ameliorative role of GSH as a 

medication to control melanin biodistribution. Furthermore, 

our findings pave the path for further research into the 

utilization of these extracts as prospective medicine. 
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