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 Polyphenols and phenolic acids make up the majority of the complex mixture of 

compounds, such as grape seed extract (GSE). In this study, the protective effects and 

working mechanisms of Red Grape Seed extract (GSE) against ethanol (EtOH)-

induced tight junction (TJ) and adherent junction protein dysfunction were 

investigated in the rats’ liver, kidney, and spleen. Twenty-four adult Albino Sprague 

Dawley rats were used and divided into 4 groups: Group 1 (Control Negative), and 

Group 2 (Control Positive), the rats received a twice-weekly dosage of 40% ethanol; 

In Group 3, rats were given Red GSE only; Group 4 (treatment group), rats were 

given EtOH + Red GSE, which was administered three times weekly orally through 

gavage tube for six weeks. The liver, kidney, and spleen tissue were processed for the 

H&E staining and Claudin-1, Claudin-5, and E-cadherin biomarkers by IHC analysis. 

Treatment with Red GSE reduced the histopathologic abnormality scores in the liver 

(7 vs. 13), kidney (2 vs. 8), and spleen (3 vs. 6) when compared to the EtOH group, 

which alleviated the harmful effects of EtOH. Additionally, Red GSE increases the 

expression of Claudin-1, Claudin-5, and E-cadherin by a membrane pattern in the 

parenchyma of the liver, kidneys, and spleen, mostly by moderate-strong 

immunostaining in contrast to EtOH, which displayed weak staining in membranous 

and cytoplasmic regions. Red GSE preserves the tight junction in the damaged cells 

and is a promising natural agent against ethanol-induced barrier dysfunction. 
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INTRODUCTION 

 

Global alcohol consumption and abuse are currently 

quite prevalent. Nine hundred million women and 1.5 

billion men were among the estimated 2.4 billion 

individuals who drank alcohol globally in 2016 

(Ramkissoon and Shah, 2022). Alcoholic liver disease 

(ALD), the leading cause of liver-related morbidity and 

mortality worldwide, is estimated to have developed in 

around 20% of chronic alcohol consumers (Nagy et al., 

2016). The etiopathogenesis of ALD is complex.  ALD is 

caused by a combination of genetic, environmental, and 

metabolic processes that occur after heavy alcohol 

consumption. Hepatocyte damage was generated by 

increasing ethanol through the generation of reactive 

oxygen species (ROS), endoplasmic reticulum (ER) stress, 

and mitochondrial dysfunction (Mukherji et al., 2019). Due 

to the increased permeability caused by ethanol, the 

damaged hepatocytes release molecules known as danger-

associated molecular patterns (DAMPs) and pathogen-

associated molecular patterns (PAMPs), which draw 

neutrophils into the liver and cause liver inflammation. 

These molecules are thought to be essential in the 

development of alcoholic liver disease (ALD) (Shim and 

Jeong, 2020).  

Chronic alcoholism is also linked to chronic kidney 

disease (Li et al., 2022). It is the development of acute 

kidney injury (AKI) that is associated with the mortality of 

alcoholic hepatitis (Altamirano et al., 2012). When rats are 

given ethanol in quantities that are comparable to chronic 

ethanol use, the kidneys are physically damaged (Hassan et 

al., 2015). The term acute kidney injury (AKI) describes 

the sudden loss of renal filtration in addition to the blood's 

retention of nitrogenous waste products, such as blood urea 

nitrogen (BUN), which is linked to the development of AKI 

and the mortality rate from alcoholic hepatitis (Tamargo et 

al., 2024). 

Tight junctions (TJs), adherens junctions (AJs), 

desmosomes, and gap junctions are the four types of 

intercellular junctions (Chiasson-MacKenzie and 
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McClatchey, 2018). TJ proteins have been demonstrated to 

modulate inflammatory responses, cell migration, 

proliferation, and death through the coordination of inside-

out and outside-in signaling (Singh et al., 2017). TJ protein 

malfunction or downregulated expression has repeatedly 

been associated with chronic liver diseases (Zeisel et al., 

2019). One common symptom in mouse models of chronic 

liver injury is the loss of the Blood-Biliary Barrier (BBB), 

which is kept in place by junctional adhesion complexes 

made up of TJs (Pradhan‐Sundd et al., 2018). Claudins 

regulate renal paracellular permeability through their 

segmental expression in kidney tubular cells. Tight 

junctions are frequently seen under standard settings, but 

they grow and become prominent in nephrosis (Koda et al., 

2011). 

The main functions of AJs and desmosomes are cell-

cell adhesion and resistance to mechanical forces. They 

also aid in developing cell polarity, differentiation, and 

survival, which is ultimately necessary for preserving 

tissue integrity (Müller et al., 2021). E-cadherin is 

expressed by cholangiocytes and periportal hepatocytes in 

mice, but not by perivenous hepatocytes (Hintermann and 

Christen, 2019). In addition to E-cadherin interiorization, 

prolonged ischemia injury also causes site-specific protein 

degradation and the disintegration of the cadherin-catenin 

connection. In renal epithelial ischemia, E-cadherin 

degradation, and cadherin-catenin interaction disruption 

are likely to be significant injuries (Menezes et al., 2017). 

The second most widely produced organic product in 

the world is the grape (Vitis vinifera L.), typically 

consumed raw, dried or matured into wine. Due to its high 

polyphenolic content, nutritional value, and natural acid 

content, grapefruit is used in natural remedies  

(Benmeziane et al., 2014). Grapes, their seeds, leaves, and 

pomace are rich sources of monomeric phenolic chemicals 

called epicatechins, procyanidins, and catechins (Surai, 

2014). Polyphenols have been viewed as neuroprotective, 

calming, hostile to cholinesterase, anti-amnesic, 

hypolipidemic, and anti-aging agents due to their various 

(pleiotropic) natural activities and possible health-

promoting benefits  (Zhang et al., 2015). 

Consequently, whether Red GSE has a protective 

effect against Ethanol-induced inflammatory reaction and 

damage by regulating intercellular junction is of interest. 

The current study was designed to close this knowledge 

gap. This study attempts to address the regulation of the 

junction complex components, including Claudin-1, 

Claudin-5, and E-cadherin, for the first time. This may help 

better understand the biology of ethanol-induced disease 

and may facilitate the therapeutic approach. 

 

MATERIALS AND METHODS 

 

Grape seed extraction and GC-MS analysis: Vitis 

vinifera red grape was used in this study and collected from 

Sharbazher village near Sulaimani city of the Kurdistan 

Region. The grape seed was removed after peeling the skin, 

then dried in the open air away from sunlight, and then the 

seed was extracted according to a study by Hassan et al. 

(2021).  

Through the use of gas chromatography-mass 

spectrometry (GC-MS), the compounds present in purified 

samples of red grape seed (Vitis vinifera) from Sulaimania 

(Sharbazhear-Kurdistan region) were identified. As 

mentioned earlier by Hassan et al. (2021), >90% of net dry 

weight was comprised of total polyphenols (Hassan et al., 

2021). 

 

Experimental animals and design: Twenty-four adult 

Albino Sprague Dawley rats, both male and female, 

weighing 250-300g, were utilized; they were between 6 and 

8 weeks old. This study was carried out at the animal house 

of the Veterinary Teaching Hospital, College of Veterinary 

Medicine at the University of Sulaimani. Six animals in 

each group were retained in each plastic cage throughout 

the experiment housed in typical lab conditions, including 

a 12:12 light/dark photoperiod at a temperature of 23-25°C. 

Access to food and water was unrestricted for the animals. 

The study received approval from the local ethical 

committee for animal experimentation at the College of 

Veterinary Medicine at the University of Sulaimani (permit 

030513, 9 March 2023). 

Four groups were randomly assigned the animals, each 

with six rats. In group 1 (Control negative), rats of this 

group were not given any treatment. In group 2 (Control 

positive), the animals were provided liquid with ethanol 

40% (v/v), twice a dose/week (Hassan et al., 2015). Ethanol 

is from Vitane Pharmaceutical Inc., USA. In Group 3 

(Control Treatment), rats were treated with Red GSE (600 

mg/kg/day), and in Group 4 (Treatment group), rats were 

treated with EtOH+ Red GSE (600 mg/kg/day), the Red 

GSE was given in a three-dose/week orally. This study was 

performed for about six consecutive weeks. 

 

Tissue sample collection for histologic examination: 

After giving the rats anesthesia with intraperitoneal (IP) 

ketamine (50mg/kg) and xylazine (5mg/kg), the rats were 

anesthetized. From each rat for each group, the liver, 

kidney, and spleen tissues were sampled for the study. 

The specimens were fixed for at least 48 hours in 10% 

neutral buffered formalin (NBF), then dehydrated in a 

graded series of ethanol, samples were embedded in 

paraffin, and sections were deparaffinized in Xylene and 

then consecutively hydrated in 100%, 95%, 70%, and 

60% ethanol followed by two washes in Phosphate 

buffered saline (PBS) in the Histopathology Lab of 

Anwar Shexa Medical City/Sulaimani Governorate, four 

thin sections (4µm) from each tissue were mounted on 

normal and positively charged glass slides for 

hematoxylin and eosin (H&E) staining, also for an IHC 

marker including; E-cadherin, Claudin-1, and Claudin-5 

markers. 

 

 Histopathologic assessment: A histopathologist 

evaluated the slides in a descriptive-analytical study using 

an Olympus light microscope (Japan) at 100X and 400X 

magnification to determine the severity of the liver, kidney, 

and spleen parenchyma. Using an (AmscopeTM, Japan), 

histological sections were inspected and captured with a 

camera linked to a computer. By calculating the percentage 

of the damaged area as shown in Tables 1-3, the extent of 

damage to the liver, kidney, and spleen was evaluated semi-

quantitatively following the procedure by Hassan et al. 

(2022).  
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Table 1: Score assessment of the liver's histological features (Hassan et al., 2022). 

Locations Histopathologic abnormalities Scores Interpretation 

Hepatic vasculature Congestion 
and 
Hemorrhage 

0 
1 
2 

3 

Absence of Change  
Change in less than 25% of vasculature 
Change in 26-50% of vasculature 

Change in 51-100% of vasculature 
Hepatocytes Cellular Swelling  

and  

Hydropic degeneration 

0 
1 

2 
3 

Absence of Change  
Change in less than 25% of parenchyma 

Change in 26-50% of parenchyma 
Change in 51-100% of parenchyma 

Kupffer cells Proliferation 

Mild 
Moderate 
Severe 

0 

1 
2 
3 

Absence of Change  

Change in less than 25% of cell 
Change in 26-50% of cell 
Change in 51-100% of cell 

Parenchyma 
Inflammation 

Inflammation 
Mild 
Moderate 
Severe 

0 
1 
2 
3 

Absence of Change  
Change in less than 25% of parenchyma 
Change in 26-50% of parenchyma 
Change in 51-100% of parenchyma 

 
Table 2: Evaluation score of histopathological characteristics in the kidneys (Hassan et al., 2022). 

Locations Histopathologic abnormalities Scores Interpretation 

 
 

 
 
Glomerulus 

Inflammation 
Mild 

Moderate 
Severe 

0 
1 

2 
3 

Absence of Change  
Change in less than 25% of the glomerulus 

Change in 26-50% of glomerulus 
Change in 51-100% of glomerulus 

Degeneration/Necrosis; Mild  

Moderate 
Severe 

0 

1 
2 
3 

Absence of Change  

Change in less than 25% of the glomerulus 
Change in 26-50% of glomerulus 
Change in 51-100% of glomerulus 

Tubular 
Compartment 

 0 Absence of Change 
Hydropic degeneration 1 Mild changes 
Nuclear changes 2 Moderate Changes 

Desquamation 3 Severe changes 
Interstitial 
Compartment 

Congestion 
and  

Hemorrhage 

0 
1 

2 
3 

Absence of Change  
Change in less than 25% of interstitial tissue 

Change in 26-50% of interstitial tissue 
Change in 51-100% of interstitial tissue 

 

Table 3: Score system for the spleen's histological features assessment (Hassan and Hassan, 2018). 

Locations Histopathologic abnormalities Scores Interpretation 

 
White pulp  

Lymphocytic hyperplasia 0 Absence of hyperplasia 
Mild 1 Hyperplastic changes about 25% of pulp 
Moderate 2 Hyperplastic changes about 26-50% of pulp 

Severe 3 Hyperplastic changes about 51-100% of pulp 
 
 
Red pulp 

Congestion 
and  
Hemorrhage 

0 
1 
2 

3 

Absence of Change  
Change in less than 25% of Red pulp 
Change in 26-50% of Red pulp 

Change in 51-100% of Red pulp 
Inflammation 
Mild 

Moderate 
Severe 

0 
1 

2 
3 

Absence of Change  
Change in less than 25% of Red pulp Change in 26-50% of Red 

pulp 
Change in 51-100% of Red pulp 

 

Immunohistochemical analyses: Tissue sections were 

treated with 10mM citrate buffer (pH 6.0) at 95-100°C for 

20 min for antigen retrieval in a microwave oven, then 

treated with peroxidase block for 15 min, non-specific 

bindings were blocked with 5% bovine serum and 0.1% 

Triton X-100 in PBS before incubation with polyclonal 

primary anti-Claudin-1 and Claudin-5 antibodies (1:600, 

DAKO, Denmark) and polyclonal anti- E-Cadherin 

antibody (1:400, DAKO, Denmark) for 1 hr. After 3 

washes in PBS, the sections were incubated with 

biotinylated secondary antibody for 30 min followed by 

(Horse radish Peroxidase-streptavidin, DAKO, Denmark) 

HRP for 60 min. After washing in PBS, the sections were 

treated with diaminobenzidine substrate-chromogen 

solution for 2-5 min at room temperature to see the reaction 

products (DAKO, Denmark). Finally, sections were 

Hematoxylin counterstained, dehydrated as per the usual 

method, and mounted with the mounting medium before 

being coated with coverslips.  

The membrane and cytoplasm were stained with 

brownish granules of Claudin-1, Claudin-5, and E-

Cadherin, respectively, while the nuclei were not stained, 

retaining their bluish color. Slices were examined under a 

microscope using computer-aided image analysis software 

(Motic, Japan) (Am ScopeTM Version 2.5 software, Japan). 

A microscope examined each part of the liver, kidney, and 

spleen at 100 and 400X magnification. 

To quantify the percentage of positively stained 

epithelial cells in IHC staining of Claudin-1, Claudin-5, 

and E-Cadherin, the previous scoring system described by 

Menezes et al. (2017) with modifications was used; In 

evaluating IHC sections, the relative percentage of 

immunopositive cells concerning the total number of target 

cells were assessed. Each value is recorded as a numerical 

score, for 5% positive staining recorded as (0), (1) for 5-

25% positive staining, (2) for 25-50% positive staining, (3) 

for 50-75% positive staining, and (4) for >75% positive 

staining, intensity of the staining is also evaluated. The 
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intensity is commonly scored from 0 to 5; 0 for negative 

stain, weak (+1), weak-moderate (+2), moderate (+3), 

moderate-strong (+4), and strong (+5), Claudin-1, Claudin-

5, and E-Cadherin staining intensity. The overall staining 

score ranged from 0 to 20 and was calculated by 

multiplying the extent of positive reactivity and the level of 

staining intensity referred to (Mustafa et al., 2022) with 

modification. 

 

RESULTS  

 

Attenuation of Red GSE on the liver damage: 

Histopathologic evaluation of liver sections of rats in 

different groups showed that the control negative revealed 

(score 0) with normal histologic features and organization 

of central vein, the row of hepatocytes that arranged as 

bricks with sinusoidal capillaries and normal range of 

cellularity (Fig. 3a). The liver section revealed severe 

damage in all parenchyma with the highest lesions score vs. 

control negative group (13 vs. 0) as shown in (Fig. 1), 

which characterized by marked hepatic necrosis that 

revealed swollen hepatocyte with eosinophilic cytoplasm 

and nuclear karyorrhexis features, infiltration of 

mononuclear inflammatory cells throughout liver 

parenchyma particularly giant cells filtration (single huge 

cell with multiple nuclei), marked proliferation of Kupffer 

cells, and distention of sinusoidal capillary filled with 

inflammatory cells and RBC vs. control negative group 

(Fig. 3d,e). The liver section in the EtOH+ Red GSE treated 

group alleviated the liver damage by administration of Red 

GSE and also reduced score lesion vs. control positive 

group (5 vs. 12), and microscopically revealed mild 

congestion of central vein, marked hydropic degeneration 

of hepatocytes with narrowing of sinusoidal capillary, and 

reduced proliferation of Kupffer cells (Fig. 4a & b). While, 

the liver section in the control treatment group showed mild 

swelling of hepatocytes only with intact organization vs. 

the control negative group (Fig. 4f & g), which recorded a 

mild score in comparison to the control negative group 

(score 1 vs. 0) as seen in Fig. 1. 

 

Red GSE's protective effects against kidney injury 

induced by ethanol: According to the histopathologic 

assessment of rat kidney sections in several groups. The 

control negative was recorded (score 0, Fig. 2) with typical 

histologic characteristics; well-organized glomeruli 

structures, intact collecting tubules, and normal renal 

vasculature with interstitial tissues (Fig. 3b). While kidney 

sections in the control positive group got a higher score of 

lesions than the control negative group (8 vs. 0) and showed 

severe pathologic alteration due to the effect of EtOH that 

displayed severe renal vascular congestion with interstitial 

hemorrhage, marked chronic interstitial nephritis with 

giant cells infiltration, focal-atrophy of glomeruli and 

dilation of urinary space vs. control negative group as 

shown in (Fig. 3f & g). The treatment group improved the 

kidney injury by administration of Red GSE vs. the control 

positive group. It lowered the score lesion (2 vs. 8) and 

microscopically showed moderate degeneration of 

collecting tubules with mild interstitial hemorrhage only 

(Fig. 4c & d). The kidney parenchyma of the control 

treatment group resembled normal histological structures 

when compared to the control negative group,  

 
 

Fig. 1: The column chart shows scores of lesions in liver parenchyma 
among studied groups. 
 

 
 
Fig. 2: Column chart revealed scores abnormalities in kidney and splenic 
parenchyma among studied groups. 

 

and Red GSE did not have any harmful impacts on these 

structures (Fig. 4g). Similarly, the treated group's scoring 

lesion was also within the normal range (score 1 vs. 0). 

 

The benefits of Red GSE in preventing EtOH-induced 

spleen damage: The control negative group's spleen 

section displayed normal cellularity in addition to 

normal white pulp and red pulp organization and intact 

histological characteristics (Fig. 3c). The spleen's 

histological abnormalities in the group that received 

EtOH treatment showed marked lymphocytic hyperplasia 

of white pulp with severe congestion, and hemorrhage of 

red pulp associated with mononuclear inflammatory 

infiltration with typical giant cells (Fig. 3h & i). In the 

treatment  group  (Fig. 4e),  a  marked  decrease in splenic 
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Fig. 3: Light microscopy of histological liver, kidney, and spleen  sections of rat in control negative and positive groups showed; a: Normal histological 
features of liver parenchyma central vein (CV), rows of hepatocytes that separated by sinusoidal capillary in control negative group, b: Well-organized, 

intact glomeruli (G) and collecting tubules in control negative group, c: Normal architecture of splenic tissue  of white and red pulp with cellularity and 
vasculatures in control negative group, d and e: Marked hepatic necrosis with karyorrhexis features associated with severe chronic inflammatory 
reaction (black arrows), and giant cells (yellow arrow), severe dilation of sinusoidal capillary (stars), and proliferation of  Kupffer cells  as indicated by 

red  arrows in control positive group, f and g: Severe dilated renal vasculature (red arrows) with interstitial hemorrhage, marked interstitial nephritis 
(black arrows), focal-atrophy of glomeruli (yellow arrow), and dilation of urinary space in control positive group, h and i: Marked lymphocytic hyperplasia 
of white pulp with severe congestion (red arrows), and hemorrhage of red pulp associated with chronic inflammatory reaction with giant cells as 

indicated by inset in control positive group, (H&E stain). 

 

alteration was seen vs. the control positive group, which 

only showed moderate lymphocytic hyperplasia of white 

pulp with mild congestion in the red pulp (Fig. 4e). 

Additionally, the rats that were treated with Red GSE only 

revealed normal cellularity and vasculature of splenic 

parenchyma vs. the control positive group (Fig. 4i). 

Concerning the total scoring of splenic injury, the Red GSE 

dropped the splenic lesions that induced by EtOH vs. 

control positive group, (2 vs. 6), respectively, while in 

comparison to the control negative group the scores in both 

groups were increased as shown in Fig. 2. 

 

Immunohistochemical interpretation: The results of 

immunohistochemical staining cellular junction 

biomarkers including Claudin-1, Claudin-5, and E-

cadherin are given in Fig. 5 and 6.  

There was no immunopositive reaction for Claudin-1 

(score 0) in all organs in the control negative group as 

shown in (Fig. 5a), particularly in the renal parenchyma. 

Whereas there was a focal weak (score 1) immunostaining 

of claudin-5 at the membranous endothelium of sinusoidal 

capillary and hepatocyte (Fig. 5b) vs. kidney and spleen 

that revealed no positive cell staining. Furthermore, the E-

cadherin showed no staining (score 0) (Fig. 5c). 

In the control positive group, there was weak-moderate 

brownish stain immunoreactivity (score 6) to antigens of 

claudin-1 diffusely distributed in the hepatocyte membrane 

and endothelium of sinusoidal capillary (Fig. 5d) vs. to the 

moderate staining of claudin-5 (score 9) that diffusely 

distributed in the cytoplasm of hepatocytes and the 

endothelium of the sinusoid (Fig. 5e). The scores of E-

cadherin expressions in the liver section  showed  moderate
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Fig. 4: Light microscopy of histological liver, kidney, and spleen sections of rats in EtOH +treated and control-treated groups showed; a and b: Marked 

hydropic degeneration of hepatocytes with narrowing of sinusoidal capillary and congestion of central vein (black arrows), the proliferation of Kupffer 

cells (yellow arrows) in EtOH +Red GSE group, c, and d: Moderate degeneration of collecting tubules with mild interstitial hemorrhage (black arrows) 
in EtOH +Red GSE group, e: Moderate lymphocytic hyperplasia of white pulp with mild congestion (black arrows), in EtOH +Red GSE group, f and g: 
Slight hepatocytes swelling (black arrows) with normal organization, Kupffer cells (yellow arrows) in the control-treated group, h: Slight swelling (black 

arrows) to normal histo-architecture of renal tissue in the control-treated group, i: Normal cellularity and vasculature of splenic parenchyma in the 
control-treated group, (H&E stain). 

 

cytoplasmic staining (score 9) which was diffusely 

expressed (Fig. 5f).  

Also, in the control positive group, the claudin-1 

expression reduced in the kidney parenchyma, and only 

the cytoplasm of collecting tubules epithelial cells (Fig. 

5g) showed diffuse weak staining (score 3) vs. to the 

claudin-5 that diffusely (score 9) found in the epithelium 

of the renal tubules by moderate cytoplasmic staining 

(Fig. 5h). Regarding the E-cadherin expression was 

decreased and showed weak staining (score 3) but 

diffusely distributed among the collecting epithelium 

cytoplasm (Fig. 5i). 

The spleen section displayed a range of expressions: in 

the positive control group, a focal-strong positive reaction 

(score 5, Fig. 5j) was recorded for claudin-1 vs. claudin-5, 

which was focally distributed among the parenchyma with 

moderate intensity (score 3), primarily in white pulp 

macrophages (Fig. 5k). Conversely, E-cadherin expressed 

in moderate-strong staining, with the positive cells focally 

expressed in the white pulp macrophage (score 8) as shown 

in Fig. 5l. 

In comparison to control negative and control positive 

groups, the Red GSE enhances the expression of the 

cellular junction’s biomarkers mostly in the membranous 

as a normal pattern; regarding the claudin-1, moderate 

staining (score 9) diffusely found in the hepatocytes and the 

renal collecting tubule epithelium, and splenic parenchyma 

mostly in the venous sinusoid respectively (Fig. 6a-c). 

While the claudin-5 expression seen in the membrane-

cytoplasmic pattern in a moderate- strong intensity staining
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Fig. 5: Immunohistochemical staining of Claudin-1, Claudin-5, and E-cadherin membranous- cytoplasmic immunostaining of a liver, kidney, and spleen 
tissue sections of the rat. a: Negative staining (score 0) in the control negative group, b: Focal weak membranous endothelial and hepatocyte staining 
(score 1) in the control negative group, c: Negative staining (score 0) in the control negative group, d: Diffuse weak-moderate staining (score 6) in the 

control positive group, e, and f: Diffuse moderate staining (score 9) in the control positive group.  g: Diffuse weak staining (score 3) in the control 
positive group, h: Diffuse moderate staining (score 9) in the control positive group. i: Diffuse weak staining (score 3) in the control positive, j: Focal 
strong staining (score 5) in the control positive.  k: Focal moderate staining (score 3) in the control positive.  l: Focal moderate-strong staining (score 

8) in the control positive. 

 

particularly for the liver section (score12), diffusely 

expressed also in the kidney and spleen in a weak-moderate 

pattern (score 6) more specifically in macrophages of the 

splenic white pulp and the venous endothelium (Fig. 6d-f). 

Regarding the E-cadherin biomarker in the hepatocyte (Fig. 

6g) diffusely expressed in the membrane by moderate 

staining (score 9) in comparison to the kidney and splenic 

tissue, which weak-moderate staining diffusely (Fig. 6h & 

i) expressed in the cytoplasm of the collecting tubules also 

in macrophages of the splenic white pulp and the venous 

sinusoid (score 6). 

The Red GSE enhanced the tight junction expression 

in the treatment group; the claudin-1 was diffusely 

expressed (Fig. 6j & k) by moderate intensity in the liver 

and kidney (score 9), while it was weakly expressed in the 

most splenic parenchyma (score 3), (Fig. 6l). Concerning 

the claudin-5 in the liver section showed moderate staining 

(Fig. 6m) and diffusely expressed (score 6) vs. to the 

kidney section which was diffusely expressed in large 

extent (Fig. 6n) by moderate staining (score 9), while 

diffusely distributed in the splenic tissue particularly in the 

white pulp (Fig. 6o) of the spleen by weak staining (score 

2). Finally, the E-cadherin in both the liver and kidney 

diffusely expressed (Fig. 6p & q) in weak-moderate 

staining (score 6) vs. the splenic section (Fig. 6r) which was 

moderate staining (score 3) only in the white pulp. 

 

DISCUSSION 

 

An increasing number of studies indicate that 

consuming too much ethanol might harm the liver, which 

exacerbates alcohol-related liver disease (ALD) (Younossi 

et al., 2020).  Chronic ethanol consumption has an impact 

on kidney filtration, yet alcoholism is typically thought of 

as a hepatic condition. Despite this, the mortality of patients 

hospitalized with alcoholic hepatitis corresponds with the 

sudden onset of kidney impairment rather than the 

underlying hepatitis (Altamirano et al., 2012). 
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Fig. 6: Immunohistochemical staining of Claudin-1, Claudin-5, and E-cadherin membranous- cytoplasmic immunostaining of a liver, kidney, and spleen 
tissues of the rat. a-c: Diffuse moderate (score 9) in the control-treated group. d-f: Diffuse moderate-strong (score 12) in the control-treated group. g: 

Diffuse moderate staining (score 9) in the control-treated group. h and i: Diffuse weak-moderate staining (score 6) in the control-treated group.  j and 
k: Diffuse moderate staining (score 9) in the EtOH+ Red GSE group.  l: Diffuse weak staining (score 3) in the EtOH+ Red GSE group. m: Diffuse 
moderate staining (score 6) in the EtOH+Red GSE group. n: Diffuse moderate staining (score 9) in the EtOH+ Red GSE group o: Diffuse weak staining 

(score 2) in the EtOH+ Red GSE group. p and q: Diffuse weak-moderate staining (score 6) in the EtOH+ Red GSE group, r: Focal moderate staining 
(score 3) in the EtOH+ Red GSE group. 
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According to our research, alcohol-induced chronic 

hepatitis with significant hepatic necrosis was present in 

the control-positive group. According to earlier research 

ethanol causes liver lesions by increasing the cellularity of 

Kupffer cells (KCs), activated KCs release a lot of ROS 

and inflammatory mediators, which furthers hepatic 

damage mediators (Teschke, 2018). Increased lipid 

peroxidation, the creation of lipid radicals, and a reduction 

in hepatic antioxidant defense are all factors in ethanol-

induced liver injury. The pathophysiology of this process is 

heavily influenced by oxidative stress (Altamirano et al., 

2012). Additionally, an increase in inflammatory 

infiltration in the livers was a significant side effect of the 

ethanol administration. In our study, Red GSE 

administration decreased the harmful effects of ethanol and 

decreased the severity of score lesions. The explanation for 

this result is based on a previous study and involves the 

scavenging of ROS production, which protects the DNA 

from oxidative damage and attenuation of inflammatory 

reactions by GSE (Liu et al., 2020). The current 

investigation aligns with earlier findings that validated the 

significant beneficial impact of GSE through the Wnt/β-

catenin signaling pathway on inflammation and liver cell 

apoptosis (Sun et al., 2022). The study of Dogan and Celik 

(2012), proved the positive effect of GSE in attenuating 

ethanol injury only by biochemical analysis of liver 

enzyme and antioxidant parameters detection (Dogan and 

Celik, 2012). Similar to our finding in a model of EtOH-

induced liver damage in rats, the previous study revealed 

that used grape leaf extract inhibits inflammation and 

produces antioxidant effects, both of which are important 

in reducing apoptosis and related liver injury (Amen, 2020).  

The present data discover a much more serious impact 

on the kidney, with significant interstitial hemorrhage and 

obvious interstitial nephritis. Along with it, there was focal 

glomerular atrophy, which is crucial for the development 

of acute kidney failure (AKF). In line with earlier findings, 

proved that leukocyte recruitment and activation were 

linked to kidney injury induced by ethanol. Both 

monocytes and neutrophils have the PAF receptor, also the 

rise in myeloperoxidase mRNA and its enzyme activity is 

important in a number of kidney disorders (Elgendy et al., 

2022). Our results showed that Red GSE reduced the 

inflammatory reaction and kidney injury. In accordance 

with our study, only one data documented the effect of GSE 

in improving kidney function in human patients who 

suffered from chronic kidney disease (Turki et al., 2016). 

Also, these findings agree with results that reported that 

oral administration of grape seed extract ameliorated and 

enhanced the antioxidant defense against dexamethasone-

induced oxidative stress in the kidney and liver (Hasona et 

al., 2017). 

Our findings were corroborated by a study 

(Aldahmash and El-Nagar, 2013; Lee and Seo, 2021) that 

provided information on the expansion of the white pulp 

and increasing splenic diameter. As a result, we looked into 

the harmful effects of ethanol on the spleen, which lead to 

splenomegaly and lymphocytic hyperplasia with an 

increase in immune cells. Disagreement with another study 

that revealed, in young adult rats, ethanol for 4 weeks 

increased the plasma pro-inflammatory cytokines, but 

histologically there were no pathologic signs (Pavón et al., 

2016).  In the present result, the administration of the Red 

GSE additionally attenuated the splenomegaly and 

congestion in the treated group. Our study is the first data 

proving the attenuation impact of red grape seed extract on 

the injurious effect of ethanol. 

In the present study, the immunohistochemical data 

showed that ethanol-induced downregulation and 

translocation of TJ proteins, including Claudin-1, Claudin-

5, and E-cadherin compared to the control negative and 

treatment groups. The Claudin-1 and Claudin-5 in the liver 

and the kidney sections expressed in a weak-moderate 

intensity and it was demonstrated that the ethanol‑induced 

decrease in their expression levels was associated with the 

evoke damage of the tight junction and severity of the 

lesions, which is consistent with earlier data improved that 

Claudin-1 and Claudin-5 are essential for the formation and 

maintenance of a functional barrier. Our results add to the 

growing body of evidence showing that ethanol-induced 

loss of TJs integrity causes the noticeable damage and 

inflammatory response found in the control positive group. 

This was demonstrated by research in which the elevation 

of histone acetylation in conjunction with the loss of TJ 

integrity has been mainly identified as one of the 

mechanisms behind ethanol-induced barrier failure 

(Elamin et al., 2012).  

According to this data, dysregulation of TJs in kidney 

sections was primarily found in the proximal and distal 

tubules rather than in the glomeruli, and the results showed 

that this increased paracellular transport of solutes and 

water occurs with increased levels of pro-inflammatory 

cytokines and elicits a variety of diseases (Krug et al., 

2014). The glomerulus did not express claudin; 1, 2, 4, or 

5; only the distal and proximal tubules did (Hwang et al., 

2014). 

These observations are based on the knowledge that 

damage in ethanol-fed animals correlated with the 

recruitment and activation of leukocytes (macrophages), 

which play a crucial role in all phases of the inflammatory 

responses, even though Claudin-1 and Claudin-5 are 

strongly expressed in the macrophage of the splenic 

parenchyma (Matin et al., 2022). Our data are the first 

study to focus on the effect of ethanol-induced modulation 

of the E-cadherin expression in the liver, kidney, and spleen 

and play a critical role in accelerating the severity of the 

cellular injury and inflammation; interestingly, the 

immunohistochemical data of E-cadherin also had the same 

pattern in expression as Claudin-1 and Claudin-5 in the 

liver and kidney expressed weak-moderate while in the 

spleen moderately stained, similar to the study that 

documented E-cadherin has been recognized as one of the 

key factors to maintaining the morphological structure and 

functional integrity of epithelial cells (Chen et al., 2019). 

In the present study, the E-cadherin expression was 

strongly higher in the macrophages of the splenic white 

pulp therefore the severity of the inflammation was higher, 

the other hypothesis is M1 macrophage infiltration is 

thought to be the primary cause of the secondary injury 

cascade due to releasing iNOS and TNF (Klingener et al., 

2014). 

Our ongoing research aims to determine whether Red 

GSE can reduce the damaging effects of ethanol on the 

liver, kidney, and spleen. In the group that was only treated 

with 6 Red GSE and the EtOH+ Red GSE group, the 

markers were highly expressed in a normal pattern. They 
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were primarily membranous, in contrast to the control 

positive group, whose TJ biomarkers and an adherent 

junction protein (E-cadherin), while claudin-5 expression 

is detected in the kidney and spleen in a weak-moderate 

pattern in macrophages and the splenic white pulp as well 

as in the venous endothelium, it is also seen in the 

hepatocytes where it is stained with a moderate-strong 

intensity.  Our study is the first attempt to use Red GSE on 

the TJ in the liver, kidney, and spleen, our findings 

regarding the E-cadherin biomarker in the hepatocytes, 

which showed moderate staining compared to weak to 

moderate staining in the kidney and splenic tissue, is the 

first data that has proven till now, and there is no study 

related to the intercellular junction and GSE. 

 

Conclusions: This study provides evidence that Red GSE, 

a naturally occurring chemical, can strengthen TJs and 

modulate the expression of intercellular junction proteins. 

This greatly advances our understanding of Red GSE's role 

in correcting detrimental agents on the intercellular 

junction that are caused by a range of causes including the 

radiation, stress, and microbiological agents that induce the 

disease and progress to cancer. 
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