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Abstract 

         Sea hares are a group of marine molluscs which possess many ways for defense including the 

chemical defense. The hares produce ink fluid from the ink gland to escape and protect themselves from 

their enemies. The ink gland of sea hares secrete, the ink fluid which contains many bioactive factors 

acting against potential enemies with toxic activities. Aplysia dactylomela is a large sea hares exhibit 

shallow water, collected from Qusair City, Red Sea, Egypt. Few cases of human intoxication following 

ingestion of sea hares were reported. In the present investigation, the lethality of the ink fluid toxin was 

determined (LD50 = 93.234 mg protein/Kg via i.p.) in mice. The effect of ink fluid on the ultrastructure of 

liver and kidney tubular cells were studied since, they are the potential organs for storing of most toxic 

agents entering the body. To examine these effects, an animal model formed of 24 mice was established. 

The animals were divided into four groups:, control, Group (1) and treated groups (2, 3 & 4) injected 

intraperitonealy with a sub lethal dose (58.45 mg protein/ ml) of the crude dialyzed ink fluid of A. 

dactylomela for each mouse and dissected after one, four, and 7 days respectively.  Liver and kidney 

specimens were collected from animals of all groups at the expected time. The specimens were evaluated 

for ultrastructural changes by transmission electron microscope (TEM). Histologically, manifestations of 

degeneration were marked in the hepatocytes by cytoplasmic vacuolation, chromatinolysis, and 

hypertrophy and dilated RER. While, manifestations of apoptosis in the kidney tubular cells were marked 

by shrunken cells, loss of apical microvilli, basal and lateral enfolding, dense and heterochromatic nuclei, 

electron dense cytoplasm overcrowded with cytoplasmic organelles especially mitochondria and 

apoptotic bodies which appeared as engulfed membrane bounded bodies inside the normal neighboring 

cells from the start of the experiment. However, apoptotic manifestations appeared in the liver after 7 

days of the injected ink. The administration of ink fluid of A. dactylomela produces serious destructive 

effects on the liver and kidney. This study sends a warning that this group are toxic and may caused some 

healthy problems for divers and researchers. The clinical ramifications of these observations mandate 

further studies. 
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INTRODUCTION 

 Sea hares are a group of marine molluscs that have an defensive gland known as the ink gland 

(Johnson and Willows, 1999). The ink gland secretes, the ink fluid which contains many of bioactive 

factors acting against potential enemies with toxic activities (Carefoot, 1987). The toxicity of sea hares 

for human has been recorded by Hino et al. (1994). Sakamoto et al. (1998) reported an acute liver 

damage with characteristic apoptotic hepatocytes by ingestion of Aplysia kurodai in Japan. The ink fluid 

of Aplysia dactylomela contains many of bioactive substances showed antifungal, antibacterial, 

antimicrobial and haemagglutinating factors (Melo et al., 1998, 2000; Yamazaki et al. 1990). Butzke et 

al. (2004) purified a protein from the sea hare Aplysia punctata which killed the tumor cells. For the 

Egyptian part of the Red Sea, little attention has been focused on the toxins of marine invertebrates, 

especially the sea hares. Only Moustafa (2005) studied the histological, histochemical and ultrastuctural 

effects of the ink secretions of two sea hares Aplysia ouilfera and A. fasciata collected from the Red Sea 

on mice liver. Also, he determined the LD50 and recorded the haemolytic activity of the ink fluid of 

Aplysia ouilfera and A. fasciata on human RBCs in vitro. 

The present work aims to study the ultrastructural effect of the ink fluid of A. dactylomela 

collected from the Red Sea on mice hepatocytes and kidney tubules.  

 

MATERIALS AND METHODS:- 

Sea hares collection, ink fluid extraction and preparation: 

Live specimens of the sea hare A. dactylomela were collected from a site 13 Km south of Qusair 

City, Red Sea Governorate, Egypt. They were stimulated to secrete the ink fluid. The ink fluid was 
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collected, moved into a sterile bottle and then frozen at –10 Cº. The ink fluid was dialyzed in a solution of 

Tris Hcl at pH 7.5, stirred over night and kept in fridge at 5 Cº. This technique was mentioned by Melo et 

al. (1998). 

Determination of total protein of the ink fluid:  

A manual colorimetric procedure for measuring the total protein content in the ink fluid was carried 

out by the method of Bradford (1976), using the bovine serum albumen as a standard and the total protein 

was determined according to the following equation: total protein (g/dL) = Au ÷As X 10. Where, Au and 

As are the absorbance values at 550 nm of the unknown and the standard, respectively, and 10 is the 

concentration of the standard (g/dL). 

Mice and maintenance: 

The experimental protocol was approved by the institutional animal care use committee of Sohag 

University, Sohag, Egypt. Three month-old male mice were obtained from Assuit University, animal 

facility, Faculty of Medicine, Assuit, Egypt. They were housed in animal facility Faculty of Science, 

Sohag with room temperature maintained at 37 C. All mice were given ad libitum access to rodent chow 

diet and water from sanitized bottle fitted with stopper and sipper tubes. These conditions were adopted 

according to (Vijayalaxmi, et. al., 1999). After 7 days acclimatization period, a randomized black 

designed based on the animal body weights was used to divide the mice into four different groups, 6 mice 

each using a total of 24 animals. One group used as a control and the other three groups were injected 

intraperitonealy with a sub lethal dose of the dialyzed crude ink fluid equal (58.45 mg protein /ml). The 

mice were dissected after one, four and seven days, respectively. 

Median lethal dose (LD50) determination: 

To determine the median lethal doses LD50 of the ink fluid of A. dactylomela, eight male albino 

mice about (35 ± 2 g weight), were  injected intraperitonealy with different doses of the dialyzed ink fluid 

of A. dactylomelata in equivalent to the amount of protein for samples according to the method of Melo, 

et. al. (1998). The injection was repeated three times for each dose and lethal results were observed. 

Survival time, T (time in second between injection and death) was recorded. The fraction D/T was 

calculated, where D = dose of ink in mg protein/ml. A plot of D/T on X-axis against D on Y-axis gave a 

straight line with a slope. The intersect part of Y-axis was considered as LD50 was expressed as the 

toxicity value using the method of Meier and Theakston (1986). 

Ultrastructure examination of mice liver and kidney: 

All the animals were scarified at the expected time and several pieces from the liver and kidney 

were obtained from each animal. For semithin sections, small pieces of fresh liver and kidney were pre-

fixed in 1:1 mixture of 2% paraformaldhyde and 2.5% glutraldhyde in phosphate buffer, post-fixed in 1% 

osmium tetroxide for one hour and washed in buffer solution. They were washed in 30% alcohol and 

dehydrated in graded series of ethanol. Specimens were embedded in epon after treatment in propylene 

oxide, and sectioned in ultratome using glass knives. Semithin sections were stained with toluidine blue 

and photographed with light microscope. Ultrathin sections were stained with uranyl acetate for 5 minutes 

and lead citrate for 5 minutes. They were viewed under a Jeol 1010 TEM.  

 

RESULTS 

Determination of total Protein of the ink fluid: 

The total protein content in the ink fluid of A. dactylomela was determined; equivalent to 1.67 

according to the following equations equal = 148 / 882 X 10 =1.67 (g /dL) where, 148 is the absorbance 

values at 550 nm of the dialyzed ink of the present species, 882 is the absorbance value of the standard 

and 10 is the concentration of standard (g/dL).  

Median lethal dose Determination: 

The injection of the dialyzed ink fluid to mice caused, hyperactivity, hyperventilation, drooping 

down of ears, paralysis for the limps, hypersalivation and finally death. The toxicity doses of the ink fluid 
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are presented in Table (1) Figure (1). The relative toxicity among the time of death and the median lethal 

dose was determined equal 93.6 mg Protein/ kg  

Table1: The regression analysis of the ink fluid doses (D) and the time of injection (D/T)   
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D= 93.234+111.2 D/T  

(LD50 ) = 93.234 mg Protein/ kg 

 

 

                  Vol= Volume (μl)     D = doses (mg protein/ml) and T= time (in second)  

Fig 1: Relationship between ink doses (D) and time of injection (D/T) of A. dactylomela. 

 

 

 

 

 

 

 

 

 

 

 

The effect of ink fluid of A. dactylomela on hepatocytes of mice: 

Semithin sections of control mice revealed that the hepatocytes of mice are polygonal in shape 

containing one or two vesicular nuclei with prominent nucleoli. The cytoplasm contains clumps of 

basophilic granules (Pl. 1A). Ultrastructurally, the hepatocytes appeared polygonal with central rounded 

euchromatic nucleus with prominent nucleoli. The cytoplasm was crowded with numerous rounded 

mitochondria of dense matrix and rough endoplasmic reticulum (RER) which appeared in the form of 

parallel tubules in close association with mitochondria. Scattered through the cytoplasm, smooth 

endoplasmic reticulum (SER) appeared in the form of vesicles. Peroxisomes also, appeared as small 

rounded membranous organelles having moderate electron density with an area of high electron density 

in the centre. Golgi sacules and lipid droplets were observed in close relation to SER (Pl. 1B, C). 

Semithin sections through the liver one day after treatment with the ink fluid of A. dactylomela 

revealed that, the hepatocytes became hypertrophied, the nucleus showed chromatinolysis and the 

cytoplasm became vacuolated with patchy areas of homogenous basophilic material (Pl. 2 A). 

Ultrastructurally, chromatinolysis was obvious, the cytoplasm showed patchy areas of hugely dilated 
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rough endoplasmic reticulum (RER) that may contain miled electron dense material, scanty of 

peroxisomes and multiple lysosomes of huge in size containing heterogeneous electron dense material  

(Pl. 2B, C).  

Semithin sections of liver four days after treatment showed that the hepatocytes appeared more 

hypertrophic and the outlines of the nuclei became large with irregular outlines. Also, multiplication 

occurred for the nucleoli and the cytoplasm of cells were more vacuolated (Pl. 3A). Ultrastructurally, the 

nuclei appeared heterochromatic with irregular outlines and multiple vacuolations (Pl. 3B, C). The 

mitochondria became swollen have abnormal electron density and the cytoplasm was filled with many 

vacuoles and contained dilated RER cistrernae (Pl. 3C, D). 

Semithin sections of seven days after treatment hepatocytes appeared shrunken with small 

pyknotic nuclei. The cytoplasm of most cells were vacuolated a part from small patchy dark basophilic 

areas (Pl. 4A). Ultrastructurally, the nuclei appeared small and heterochromatic (Pl. 4B). The cytoplasm 

showed numerous hugely dilated RER cisternae filled with moderate electron dense material and patchy 

areas contained RER cisternae and electron dense mitochondria (Pl. 4 C). 

The effect of ink fluid on kidney tubules: 

Semithin sections of controlled mice kidney showed that the distal tubules exhibited wider lumens 

and were lined with low cuboidal cells with more distinct boundaries, the apices showed no brush border, 

and the cytoplasm exhibited less basophilia (Pl. 5A). Ultrastructurally, the cells of distal tubules were 

cuboidal with few and short apical microvilli. The nucleus is large, oval or rounded and euchromatic with 

prominent nucleolus. The cytoplasm contains numerous elongated mitochondria between the basal 

enfolding. Free ribosomes and pinocytotic vesicles were also observed. (Pl. 5B). The proximal tubules 

(PT) were lined with cuboidal cells with ill-defined boundaries and brush borders. The nuclei were large, 

rounded, central and vesicular and the cytoplasm exhibited large basophilic granules (Pl. 5A). 

Ultrastructurally, the proximal tubular cells appeared cuboidal with the apical surfaces show numerous 

microvilli. The basal parts of the cells showed basal enfolding in which elongated mitochondria are 

arranged. The nucleus is large, rounded and euchromatic. In addition, the cytoplasm contains few lipid 

droplets and free ribosome (Pl. 5C).  

Semithin sections of the kidney one day after treatment with the ink fluid of A. dactylomela 

showed that chromatinolysis of the nuclei of most of proximal tubular cells having vacuolated cytoplasm. 

Some of these cells appeared shrunken with very dark cytoplasm and condensed nuclei. The distal tubular 

cells appeared very pale (Pl. 6A). Ultrastructurally, the distal tubules showed loss of the basal enfolding 

and the apical microvilli, while, its cytoplasm appeared rarified containing numerous lysosomes (Pl. 6B). 

The proximal tubules appeared as partially or completely apoptotic cells having an electron dense 

cytoplasm overcrowded with organelles, especially ballooned mitochondria. These cells showed complete 

loss of their apical microvilli, basal enfolding and the lateral interdigitations with widening of the 

intercellular spaces. Other cells contained numerous phagocytosed membrane bounded apoptotic bodies 

(Pl.  6C, D). 

Semithin sections of the kidney four days after treatment showed vacuolation of the most of the 

distal and proximal tubules. Scattered proximal tubules appeared shrunken with dense nucleus and the 

cytoplasm with few vacuolations (Pl. 7A). Ultrastructurally, the nuclei of distal tubule cells showed 

chromatinolysis the cytoplasm appeared rarified and the cells showed neither apical microvilli nor basal 

enfolding (Pl. 7B). Some of the proximal tubular cells appeared completely or partially degenerated with 

rarified cytoplasm while others appeared shrunken and in different stages of apoptosis being had 

heterochromatic nuclei and the cytoplasm appeared electron dense and overcrowded with organelles 

(numerous electron lucent and ballooned mitochondria) (Pl. 7 C, D). 

Semithin sections of the kidney seven days after treatment showed slightly vacuolated distal 

tubule cells. Some of the proximal tubules appeared normal apart from scattered degenerated cells. Other 



 5 

tubules revealed rarified cytoplasm of most of their cells and scattered shrunken dark cells among them 

(Pl. 8A). Ultrastructurally, the distal tubular cells showed mildly vacuolated cytoplasm with the nuclei 

showing chromationlysis and the apices showed no microvilli (Pl. 8 B). Some of the proximal tubules 

showed partial or complete apoptosis among the normal cells (Pl. 8C, D). 

Discussion 

 Sea hares are a group of marine molluscs which develop many ways for defense such as the 

chemical defense since they secrete the ink fluid from their ink gland to escape and protect themselves 

against potential enemies (Derby et al., 2007). Few cases of human intoxication following ingestion of 

sea hares were reported. Sorokin, (1998) gave a case report of woman intoxication following ingestion of 

a sea hare Dolaella auricularia in Fiji included vomiting, diarrhea joint pains, restless and her limbs 

started shaking involuntarily. Moreover, the toxicity of sea hares for human has been reported by Hino et 

al. (1994). Also, Sakamoto et al. (1998) recorded an acute liver damage with characteristic apoptotic 

hepatocytes by ingestion of Aplysia kurodai in Japan. In addition, a case for animal intoxication was 

reported by Lennard (2003) who recorded that many dogs were killed after licking or eating Aplysia 

gigantea at western of Australia.  

In the present study, the median lethal dose of the ink fluid of A. dactylomela equal 93.234 mg 

protein /Kg. While, it was recorded as 201.8 mg protein/ kg for the same species collected from Brazil 

(Melo et al. 1998). This is may be due to the difference in feeding where, sea hares depend on the algal 

diets. The LD50 for the ink A. oculifera and  A. fasciata are equivalent to 141.2 mg protein/ kg and 139.4 

mg protein/ kg, respectively (Moustafa, 2005). So, the toxicity of the present species is higher than that 

recorded for other studied species.  

The present investigation, studied the effect of ink fluid on the ultrastructure of liver and kidney 

tubular cells, since the liver and kidney are the potential organs for storing of most toxic agents entering 

the body. The study clearly demonstrated that, the ink fluid caused in generally degeneration in liver and 

apoptosis in kidney tubules. This is clearly appeared after one day of injection. As compared to the 

control groups treated ones showed features of apoptosis in the kidney tubular cells after (one, four and 

seven days) and in the hepatocytes only after seven days. These features included cellular shrinkage 

disappearance of specialized surface structures, electron dense cytoplasm, swollen mitochondria, 

heterochromatic nucleus dilation of RER and the presence of apoptotic bodies in the cytoplasm of 

neighboring cells. Disappearance of specialized surface structures such as proximal tubules apical 

microvilli, basal enfolding and lateral interdigitations was considered as early manifestations of apoptosis 

(Walker, 1987). This is may be due to γ-glutamyl transpeptidase on the microvilli of PT catalyze the 

transfer of γ-glutamyl group from one peptide to another one or to amino acid, a process important for 

macromolecule (Capraro and Hugheny, 1985). Apoptotic bodies were considered as late cellular 

apoptotic change. In vitro, apoptotic bodied were formed as a result of surface blebs and protuberances 

that subsequently separate to form a membrane bounded apoptotic bodies of varying size (Prins et al., 

1994). 

Apoptotic bodies squeezed along the intracellular space and then phagocytosed immediately by 

adjacent epithelial cells  Phagocytosed apoptotic body can be distinguished from autophagic vacuoles and 

is degraded by lysosomal enzymes derived from ingesting enzymes (walker, 1987) It was found that 

specific protease belonging to caspase family have emerged as crucial efforts of apoptosis. Members of 

this family were expressed as pro-enzymes and require activation by upstream stimuli to commit a cell 

into completing phase of apoptosis (Adams and Cory, 1998). The exact stimulus of the apoptosis caused 

by the ink fluid of the present sea hare is not established and need further investigation. 

According to Wakabayashi, (2002) the presence of swollen mitochondria is considered as one of 

apoptotic manifestation. It was stated that mitochondria undergo structural changes simultaneously with 

their functional changes in both physiological and pathological conditions. These structural changes were 
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classified as simple swelling, mega-mitochondria and finally, destruction of their cristae. The 

consequently enzymatic complexes that comprise the electron transport chains will be lost leading to 

cellular metabolic collapse  

The ink fluid showed features of cellular degeneration on the hepatocytes especially after one and 

four days. These features include cellular hypertrophy, chromatinolysis and cytoplasmic vacuolation. It is 

known that, necrosis of liver is a complex process involving swelling of the cells and loss of plasma 

membrane integrity leading to cell lysis, and consequently to hepatic failure (Shakier, et al., 2001). Acute 

necrotic Changes after one day of injection appeared in the hepatocytes suppose that this toxic material 

accumulated is metabolized in the liver prior to their excretion through the kidney.  

Moustafa, (2005) studied the effect of the ink fluid of the ink gland of A. oculifera and A. fasciata 

on liver of mice they showed Also, liver necrosis characterized by swelling of hepatocytes with 

vacuolation and degeneration of the cytoplasm, giant mitochondria and dilation of RER.   

For other marine toxins, a moderate liver damage with necrosis and vacuoles in hepatocytes was 

recorded by Ito et al. (2002) and Tubaro et al. (2003) in liver treated by marine toxins azaspiracid and 

okadaic acid isolated from mussels. The marine snail Conus lorisii caused in the liver vascular congestion 

and mild inflammatory cell infiltrate around the portal triad. While, in the kidney, they caused areas of 

hemorrhage and cloudy swelling in the lining cells of the renal tubules were noted along with the areas of 

vascular congestion (Saminathan, et al., 2006). An acute kidney tubular necrosis in rats was recoded by 

for a protein toxin from the sea anemone Phyllodiscus semoni (Mizuno, et al., 2007) 

 

To summarize, to the best of authors knowledge, this study is the first study to shed some light on 

the ultrastructural changes following the injection of ink fluid of the sea hare A. dactylomea in 

hepatocytes and kidney tubules. The observed ultrastructural changes support the detrimental effects of 

this toxic agent on the function of these organs. In this regard, further investigations will be required to 

confirm and extend these findings. In these further studies; it will be interesting to correlate these changes 

with functional changes in the liver and kidney, determine the exact stimulus of apoptosis caused by the 

ink fluid, examine whether and these changes are reversible or not. In addition, further studies are 

recommended to compare between the effects of ink fluid of sea hares and other marine toxins. Finally, 

this study sends a warning that this group are toxic and may caused some healthy problems for divers and 

researchers.   
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دراسة دقٌقة على تأثٌر السائل الحبري ألرنب البحر ) أبلٌزٌا داٌكتٌلومٌال ( على الخالٌا الكبدٌة 
الكلوٌة لذكور الجرذان األنٌبٌباتو  

 
 جامعة سوهاج–كلٌة العلوم -قسم علم الحٌوان- عالء ٌسري مصطفً
 جامعة سوهاج-كلٌة الطب-- قسم الهستولوجً- أٌمان ابوضٌف

  
من الرخوٌات البحرٌة التً تمتلك وسائل دفاعٌة كٌمٌائٌة ضد أعدائها. من هذه   تعد أرانب البحر

الوسائل غدة الحبر التً تقوم بإفراز سائل الحبر الهي ٌساعدها فى مقاومة أعذدائها والهذروب منهذا. فذى 
ٌعذ  هه  الدراسة تم تقدٌر المحتوي الكلً للبروتٌن الموجود فى سذائل الحبذر نرنذب البحذر الذهي تذم تجم

ملٌجذرام بذروتٌن م مذل  7.1.0ن  ٌساوي أمن جنوب مدٌنة القصٌر بمنطقة البحر انحمر بمصر ووجد 
 ملٌجرام بروتٌن م كجم .  ...6.ومن ثم  تم تقدٌر الجرعة النصف ممٌتة والتً وجد أنها تساوي 

دٌذد مذدي تعتبر الكلٌة والكبد هما المخزن انول للسموم فً الجسذم لذهلك تهذدف هذه  الدراسذة لتح
الكلوٌذة  اننٌبٌبذاتتأثٌر سائل الحبر المسذتخل  مذن أرنذب البحذر محذل الدراسذة علذى الخبٌذا الكبدٌذة و

جذره  للتجربذة تذم تقسذٌمها ألذً أربذع مجموعذات المجموعذة انولذً  42 اختٌذارلهكور الجرهان. وقد تم 
 57.مٌتذذة تذذم حقنهذذا بجرعذذة تحذذت الجرعذذة النصذذف م انخذذر والذذثبم مجموعذذات  الضذذابطةهذذً 

مٌكرون( من سائل الحبر. وتم تشرٌح الحٌوانات بعذد ٌذوم و أربعذة و سذبعة أٌذام علذً الترتٌذب. ب حذ  
الكبد وجد أن أهم ما ٌمٌزها حذدوم تضذخم فذى الخبٌذا الكبدٌذة مذع عذدم انترذام جذدار النذواة وتضذاعف 

توي المٌكروسذذكوب اننوٌذذة وتحلذذل كرومذذاتٌن اننوٌذذة وتكذذوٌن فجذذوات فذذى السذذٌتوببزم أمذذا علذذى مسذذ
وسذومات سالشذبكة االندوببزمٌذة الخشذنة وتضذاعف لللٌ صهارٌج فى عاتساااللكترونً النافه فقد حدم ا

 ولهذذا متضذذخمة كمذذا أرهذذرت زٌذذادة واضذذحة فذذى عذذدد البٌروكسٌسذذومات أمذذا المٌتوكونذذدرٌا فقذذد رهذذرت
 كثافة الٌكترونٌة غٌر طبٌعٌة.

فحذذ  الكلٌذذة انذذ  قذذد حذذدم تحلذذل للكرومذذاتٌن  دالدراسذذة بعذذوعلذذى الجانذذب انخذذر فقذذد أرهذذرت 
وملذ  بذال جوات أمذا علذى مسذتوي  باهتذاالخا  باننٌبٌبات الكلوٌة الملت ة البعٌذدة وأصذبح السذٌتوببزم 
بت القمٌذذة واالنثنذذااات القاعدٌذذة وأصذذبح ٌالمٌكروسذذكوب االلكترونذذً أرهذذرت بعذذ  الخبٌذذا فقذذد الخمذذ

رهرت فً مراحل مختل ة من المذوت فقد  لقرٌبةاننٌبٌبات الكلوٌة اأما  ,باللٌسوسوماتمل   السٌتوببزم
 مزدحمذاالسذٌتوببزم وأصذبح بت القمٌة واالنثنذااات القاعدٌذة ٌوفقدت هه  الخبٌا الخم المبرمج للخبٌا

وقد أحتوت بع  الخبٌا منها علً أجسذام بلعمٌذة غشذائٌة  المتضخمة بالعضٌات وخاصة المٌتوكوندرٌا
تبر ههة الدراسة بمثابة رسالة تحهٌرمن خطورة ههة الكائنات علً الغواصٌن والباحثٌن علذً . وتعأكولة

 حد سواا.
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Plate  1 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Plate 1: A- A photomicrograph of semithin section through the control mice liver      showing: vesicular 

nucleus of hepatocytes (N) having nucleolus (NU) and granular basophilic cytoplasm (G) Toulidine 

blue X 1000.  

B-An electron micrograph of a part of two adjacent hepatocytes of control mice liver showing: 

Euchromatic nucleus (EN), smooth endoplasmic cisternae (SE), Golgi apparatus (Go), mitochondria 

(M) and rough endoplasmic reticulum (RE) X 3000. 

C-Enlarged part of (B) showing: Euchromatic nucleus of hepatocytes (EN), rough endoplasmic reticulum 

(RE), mitochondria (M), lipid droplet (L) and peroxisomes (P). X 10000. 
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Plate 2 
 

 
 

 

Plate 2 A- A photomicrographs of semithin sections through a liver one day after treatment with the ink 

of A. dactylomela showing:  chromatinolysis of hepatocytes nuclei (N), vacuolated cytoplasm (V) and 

basophilic homogenous material () T. B. X 1000.  

B- An electron micrograph of a liver one day after treatment with the ink fluid of A. dactylomela 

showing: chromatinolysis of hepatocytes nuclei and dilated rough endoplasmic reticulum (DR) with 

electron lucent material.  X 3000 

C- Magnified part of (B) showing cisternae of rough endoplasmic reticulum (RE) mitochondria (M), 

peroxisomes (P) and lysosomes (LY). X 10000  

D- An electron micrograph of a liver one day after treatment with the ink fluid of  A. dactylomela  

showing a part of hepatocytes cytoplasm  with multiple lysosomes and a huge one showing 

heterogenous electron density (). X10000 
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Plate 3 
 

 
 

Plate 3: A- A photomicrographs of semithin section through the liver 4 days after treatment with the ink 

fluid of A. dactylomela showing: hypertrophid hepatocytes, irregular outlines of hepatocytes nuclei () 

with multiple nuclei (NU) and vacuolated cytoplasm (V) T. B. X 1000.  

B-An electron micrograph of the liver 4 days after treatment with the ink fluid of A. dactylomela 

showing: heterochromatic nucleus (HN) with irregular outlines () and vacuolated cytoplasm (V). 

X3000.  

C- Magnified part of (B) showing a part of the heterochromatic nucleus (HN) that contains multiple 

vacuoles () and the dilated RER cisternae in the cytoplasm (DR). X 10000 

D- An electron micrograph of the liver 4 days after treatment with the ink fluid of A. dactylomela 

showing: heterochromatic nucleus (HN), RER cisternae (RE) peroxisomes (P) swollen mitochondria 

(M) X1000. 
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Plate 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 4: A- A photomicrograph of semithin section through the liver 7 days after treatment with the ink 

fluid of A.  dactylomela showing:  shrinkage of the hepatocytes () with dark and pyknotic nuclei, 

vacuolated cytoplasm (V). T. B. X 1000. 

 B-An electron micrograph of the liver 7 days after treatment with the ink fluid of A. dactylomela 

showing: multiple hepatocytes with small heterochromatic nucleus (HN) the cytoplasm shows massive 

area of dilated RER cisternae (DR) and patchy areas of high electron density (). X3000.  

C- Magnified part of (B) showing areas of dilated RER cisternae (DR) and area overcrowded with 

organelles in between. X 10000 
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Plate 5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5: A- A photomicrograph of semithin section through the control mice kidney showing: Renal corpuscle 

(R), proximal tubules (PT) and distal tubules (DT). T. B. X 1000 

B-An electron micrograph of the control distal tubular cells showing: basal elongated mitochondria (M), 

euchromatic nucleus (EN, free ribosomes (FR), pinocytotic vesicles (PV) and basal enfolding () 

X4000.  

C- An electron micrograph of the control three adjacent proximal tubular cells showing: euchromatic 

nucleus (EN), lipid droplet (L) basal enfolding () with the basal elongated mitochondria (M), the 

extensive lateral interdigitations (LI) free ribosomes (FR), and apical microvilli (MV). 
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Plate 6 

 
Plate 6: A- A photomicrograph of semithin section through proximal (PT) and distal tubules (DT) of 

kidney one day after treatment with the ink fluid of A. dactylomela showing: chromationlysis () with 

vacuolated cytoplasm (V) within the proximal tubules, some of these cells appeared shrunken with 

very dark cytoplasm and condensed nucleus (). The distal tubules (DT) appear very pale. T. B. X 

1000 

B- An electron micrograph through distal tubular cell of the kidney one day after treatment with the ink 

fluid of A. dactylomela showing: heterochromatic nucleus (HN) loss of basal enfolding (arrow head), 

apical microvilli () and rarified cytoplasm containing numerous lysosomes (LY). X 4000 

C- An electron micrograph through proximal tubular cells of the kidney one day after treatment with the 

ink  fluid of  A. dactylomela  showing:  a completely apoptotic cell on the left () as an electron dense 

cytoplasm overcrowded with organelles. The cell on the right with numerous phagocytosed membrane 

bounded apoptotic bodies () X 4000 

D- An electron micrograph through a proximal tubular cells of the kidney one day after treatment with the 

ink fluid of A. dactylomela showing:  partial or complete loss of apical microvilli (MV), multiple 

apoptotic area of the cytoplasm and loss of lateral interdigitations with widening of the intracellular 

space (). X 4000 
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Plate 7 
 

 

 

 
 

Plate 7: A- A photomicrograph of semithin section through the kidney 4 days after treatment with the ink 

fluid of A. dactylomela showing: distal (DT) and proximal (PT) tubules with vacuolated cytoplasm 

(V). Scattered proximal tubular cell appear shrunken with dense nucleus and dark cytoplasm () T. B. 

X 1000 

B- An electron micrograph through the distal tubules of the kidney 4 days after treatment with the ink 

fluid of A. dactylomela showing: chromatinolysis of nuclei with clumps of heterochromatin, rarified 

cytoplasm losing the apical microvilli () and basal infoldings () X 4000  

C- An electron micrograph through distal tubules of the kidney 4 days after treatment with the ink fluid 

of A. dactylomela showing: completely degenerated cells among completely apoptotic cell 

heterochromatic nuclei (HN) and electron dense cytoplasm overcrowded with swollen mitochondria 

(M). X 4000  

D- An electron micrograph through proximal tubules of the kidney 4 days after treatment with the ink 

fluid of A. dactylomela showing: chromatinolysis of central rounded nuclei with clumps of 

heterochromatin (HN) and apical microvilli (MV). X 4000 
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Plate 8 
 

 
 

 

 

Plate 8: A- A photomicrograph of semithin section through the kidney 7 days after treatment with the ink 

fluid of A. dactylomela showing: chromatinolysis of the distal (DT) and proximal (PT) tubular cell 

nuclei, some of these cells appear with rarified vacuolated cytoplasm (V) and apoptotic cells (). T. B. 

X 1000 

B- An electron micrograph of a distal tubule of the kidney 7 days after treatment with the ink fluid of A. 

dactylomela showing: chromatinolysis (HN) loss of apical microvilli () and basal enfoldings (arrow) 

within rarified cytoplasm .X 4000 

C- An electron micrograph of a proximal tubule of the kidney 7 days after treatment with the ink  fluid of  

A. dactylomela  showing two adjacent cells with prominent  apical microvilli (MV) showing basal area 

of apoptosis () with ballooned mitochondria (M). X 4000 

 D- An electron micrograph of a proximal tubule of the kidney 7 days after treatment with the ink fluid of 

A. dactylomela showing: a completely apoptotic cell (arrow) and focal areas of apoptosis () with 

ballooned mitochondria (M). X4000  

 

 

 


