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Abstract Background: Lead contamination has turned into a major concern as it serves no useful purpose 

in the human body. Its presence in the body can lead to toxic effects on different organs. Aim: 

The purpose of the present study is to examine the efficacy of selenium in mitigating lead-

induced oxidative stress and kidney injury in male albino Wistar rats. Further to study the 

underlying molecular mechanism. Methods: We hypothesized that selenium protect against lead 

nephrotoxicity by testing various parameters of kidney function in male rats treated for 28 days 

with o.5 mg/kg selenium versus control male rats that received a vehicle. Results: The results 

showed an increase of serum urea, creatinine, uric acid and urinary albumin in rats intoxicated 

with lead compared to control group. The increase of these parameters would indicate renal 

toxicity which is confirmed by histopathological changes. Lead intoxicated rats had significant 

increment in apoptosis as well as phosphorylated PERK, eIF2α and apoptotic proteins as CHOP, 

caspase 3 and 8 in the kidneys, which were attenuated by selenium treatment. Conclusion:  This 

study clearly demonstrated that activation of PERK- eIF2α -CHOP signaling pathway was 

involved in lead induced nephrotoxicity in rats and selenium inhibited lead nephrotoxicity partly 

through suppression of PERK- eIF2α CHOP pathway. 
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Introduction 
ead (Pb), an environmental toxin, is commonly 

used in different fields, such as paints, ceramic 

and petroleum products. Nowadays, 

contamination with Pb has turned into a major concern. 

Lead serves no useful purpose in the human body. Its 

presence in the body can lead to toxic effects on 

different organs, regardless of age, gender, or method 

of exposure. Lead is distributed and stored in nearly all 

organs and mainly renally eliminated; so kidneys will 

be exposed to its toxic effects. Therefore, 

nephrotoxicity has been reported as one of the most 

important silent feature of lead toxicity (Fioresi et al., 

2014; Orisakwe, 2014).   

On a molecular level, proposed mechanisms for 

nephrotoxicity is mediated via oxidative degradation of 

polyunsaturated fatty acids, causing impairment in 

membrane function and its structural integrity, decrease 

in fluidity, inactivation of a number of membrane-

bound enzymes. Lead induced nephrotoxicity is mainly 

proximal tubular nephropathy, glomerular sclerosis, 

and interstitial fibrosis. The proximal tubular cells are 

particularly susceptible for the toxic effect as their 

functions need high energy. Clinically, excessive lead 

exposure is associated with include low- and high-

molecular weight proteinuria, impaired transport of 

organic anions and glucose and depressed glomerular 

filtration rate (Sidhu et al., 2004; Diamond, 2005; 

Missoun et al., 2010).  

Autophagy and apoptosis constitute two distinct 

cellular processes for cellular turnover and destruction. It 

was suggested that accumulation of unfolded proteins in 

the endoplasmic reticulum (ER) play a role in acute and 

chronic kidney disease. A major response to ER stress is 

the activation of three major signaling pathways: protein 

kinase R (PKR)-like endoplasmic reticulum kinase 

(PERK), inositol-requiring protein 1 (IRE-1) 

and activating transcription factor 6 (ATF6). PERK 

interacts with a wide range of misfolded proteins to 

regulate protein synthesis, which is involved in the 

pathological mechanism of kidney diseases. It can 

induce the expression of CCAAT/enhancer-binding 

protein (C/EBP) homologous protein (CHOP), which 

plays an important role in ER stress-induced apoptosis 

(Oyadomari and Mori, 2004; Walter and Ron, 2011; 

Stanifer et al., 2014; Cybulsky, 2017). 

Chelating agents are the only available way of 

treatment for Pb poisoning. However, their use cannot 

remove metals from intracellular sites. In fact, it may 

cause essential metal loss, and renal dysfunction. In 

addition, management challenge is affected by the high 

cost and lack of availability of these agents. Continuous 

search for widely available “natural antidotes” that will 

ameliorate or reverse the deleterious effects of lead has 

been research focus. There is a positive correlation 

between dietary supplementation with certain vegetables 

and the reduction of toxic effects of heavy metals (Flora 

&Pachauri, 2010; Sharma et al., 2010).  

L 
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Selenium (Se) is an essential trace element. It is 

a component of some selena proteins and enzymes like 

glutathione peroxidase. Selenium compounds are 

antioxidants which are much more potent than other 

antioxidants like vitamin E and vitamin C (El-Ghazaly 

et al., 2016). Also, Se has anti-inflammatory and 

antiapoptotic effects (Demirci et al., 2017). Selenium is 

frequently used in animal models of experimentally 

induced nephrotoxicity (Soudani et., 2011). To our 

knowledge, the possible effects of Se on lead-induced 

renal damage have not been investigated yet. Based on 

this information, the purpose of the present study is to 

examine the efficacy selenium in mitigating chronic 

lead-induced oxidative stress and injury in the kidney 

of male albino Wistar rats. Further to study the 

underlying molecular mechanism. 

Materials and Methods 
Drugs and chemicals:  
Selenium was obtained from a local pharmacy. Lead 

acetate was purchased from El- Gomhouria Company 

for Trading Chemicals and Medical Appliances, Egypt. 

Creatinine, urea, uric acid, MDA, and TAC testing kits, 

in addition to urinary albumin ELISA kit were 

purchased from Bio-diagnostic Co., Giza, Egypt. 

PERK, eIF2α, CHOP, caspase 3&8 ELISA kit were 

from Cusabio, Wuhan, China.  

Animals and Experimental Design:  

Thirty-two male Wister rats weighed from 150-

200 g were purchased from National Research center, 

El Dokki, Egypt. Rats were allowed at least one week 

to acclimatize to the lab conditions. A 12/12-hour 

light/dark cycle was maintained with light on at 6 am 

and off at 6 pm, Temperature was maintained at 25
o
C. 

Animals were housed, diet and water were provided ad 

libitum, and all procedures were done according to 

Research Ethics Committee of Faculty of Medicine, 

Ain Shams University. 

Animals were randomly divided into four 

groups of 8 rats. Group I received 1 ml of distilled 

water orally for 28 days and served as control group; 

Group II was received oral administration of o.5 mg/kg 

of selenium for 28 days. Group III (lead intoxicated 

rats) was exposed to lead acetate through drinking 

water for 28 days and served as the lead control group; 

Group IV was exposed to lead through drinking water 

and received oral 0.5 mg/kg of selenium concomitantly 

for 28 days; The dose of selenium was selected based 

on previous studies (Kiełczykowska et al., 2015).  

Preparation of leaded water (0.2 % lead): 5 g of lead 

acetate (CH3COO)2Pb·3H2O) was dissolved in 2.5 L 

of distilled water (Abdulmajeed et al., 2015).  

1. Physiological assessment 

Body weights of rats were recorded weekly 

during the study. After 4 weeks, body weights were 

recorded and the kidneys were collected and weighed. 

2. Urine and Blood Collection and Tissue 

Processing  

Rats were weighed at the beginning and end of 

the experiment. The animals were placed in metabolic 

cages one day before sacrifice, and the amount of urine 

voided during the 24 h was collected. Collected urine 

was stored deep frozen (−80 °C) after its volume had 

been recorded. Animals were anaesthetized using 

urethane at dose 1.2g/kg (Silva et al., 2001) and blood 

was collected retro-orbital venous plexus centrifuged at 

5 °C to separate plasma. The plasma collected was 

frozen at −80 °C pending analysis. Kidneys were 

removed and washed in saline, weighed and a small 

portion of the upper part of the right kidney was 

excised and placed in formalin for subsequent 

histopathology. The remainder of the right kidney and 

the left kidney were individually wrapped in aluminum 

foil and stored at a temperature of −80 °C, pending 

analysis. For preparation of renal homogenates, 100 mg 

of kidney tissue was homogenized on ice in 1 mL of 

homogenization buffer (50 mM Tris–HCl, 180 mM 

KCl, 10 mM EDTA, pH 7.4). 

3. Biochemical assessment: 

Kidney function was assessed by measuring 

serum uric acid, urea, and creatinine. Serum uric acid 

was determined according to the method described by 

Whitehead et al, (1991), while urea was determined 

according to Coulombe and Favreau, (1963), and 

serum creatinine was assessed according to the reaction 

described by Larsen, (1972). 

Furthermore, 24-h urine collection for urine 

albumin measurement is gold standard method to 

microalbuminuria screening urinary albumin (mg/24h) 

levels were determined using enzyme-linked 

immunosorbent assay kits according to the manufacturer’s 

instructions (BioSystems, Spain). 

4. Tissue assessment: 

Determination of Malondialdehyde (MDA) and 

Total Antioxidant Capacity (TAC) were estimated 

calorimetrically according to Ohkawa et al. (1979) and 

Koracevic et al. (2001) respectively. 

The concentration of renal p-ERK, eIF2α, and 

CHOP were measured using Rat ELISA Kit (Catalog 

No: MBS2511166, MBS751823, MBS3808179, 

respectively, MyBioSource, Egypt). Caspase 3&8, were 

evaluated by ELISA according to the ELISA kit 

instructions (CSB-E08857r, MBS088250, respectively, 

MyBioSource, Egypt). 

5. Histopathological evaluation 

Kidneys were fixed in Bouin's solution. They 

were embedded in paraffin, sectioned and stained with 

hematoxylin-eosin for histological investigation. Three 

slides were prepared from each kidney. All sections 

were evaluated semi-quantitatively for the degree of 

injury. All sections were estimated for the degree of 

tubular and glomerular injuries. Class 0: no injury; 

class 1: <25% injury; class 2: 25-50% injury; class 3: 

>50% injury. 

6. Statistical analysis  

Data were expressed as mean ± standard 

deviation (SD). Statistical analysis was carried out with 

one-way analysis of variance (ANOVA) followed by 

Tukey post hoc test. Values of p < 0.05 were 

considered to be significant. Graphpad prism software 

(version 5) (Graphpad Software Inc., USA) was 

utilized and a probability level of less than 0.05 was 

believed to be statistically significant 
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Results 
Effects of selenium treatment on Body weight, 

relative kidney weight, water intake and urine 

volume in lead-intoxicated rats: 

Normal control rats showed increase in body 

weight by about 36% of their initial body weight. 

Compared with the normal control group, there was a 

significant decrease (P < 0.05) by 63% in the body 

weight change in lead-intoxicated group. Treatment 

with selenium caused significant increase by 163 % in 

body weight compared with the lead intoxicated group. 

Selenium control group and selenium treated group 

showed non-significant change in body weight 

compared with the normal control group.    

The relative kidney weight was significantly 

increased by 46% in lead intoxicated rats compared 

with the control (P < 0.05), and treatment with 

selenium significantly reduced the relative kidney 

weight by % 26% (P < 0.05). There was no notable 

change in water intake and urine volume among the 

groups (Table 1). 

Effects of selenium treatment on kidney functions in 

lead-intoxicated rats: 

Lead intoxicated rats showed a statistically 

significant (P < 0.05) increase in the urinary albumin, 

serum urea, uric acid, and serum creatinine by 51%, 

90%, 220%, 84%, respectively. In contrast, treatment 

with selenium significant decrease in urinary albumin, 

serum urea, uric acid and serum creatinine by 38%, 

46%, 65%, 15%, respectively (Table 2).  

Effects of selenium treatment on the histological 

structures of the kidney in lead intoxicated rats: 

Histopathologically, kidney tissue appears 

normal architecture of the renal cell in both control and 

group treated with selenium alone. In contrast, 

remarkable tubule injury, massive necrosis, infiltration 

of inflammatory cells, vacuolar degeneration and 

intraluminal hyaline casts were observed in kidney 

sections from rats intoxicated with lead acetate. On the 

other hand, the administration selenium was able to 

improve in all the parameters of renal tissue damage 

and inflammation evoked by lead acetate (Figure 1). 

Effects of selenium treatment on MDA, total 

antioxidants, and caspase 3 and 8 in lead-

intoxicated rats: 

Lead intoxicated rats showed increase in renal 

MDA by 203% and decrease in renal TAC by 139% 

compared to normal control rats. Treatment with 

selenium significantly reduced renal MDA by 63% and 

increase renal TAC by 50% compared to lead 

intoxicated rats (Figure 2). 

Moreover, figure (2) showed that in the lead 

intoxicated group significant increase in renal tissue 

caspase 3 &8 by 51% and 97%, respectively compared 

to the control group (P < 0.05). in contrast, Treatment 

with selenium markedly reduced renal tissue caspase 

3&8 by 36% and 58%, respectively compared to lead 

intoxicated group (P < 0.05). 

Effects of selenium treatment on activated PERK-

eIF2α-CHOP pathway in lead intoxicated rats: 

Lead intoxicated rats showed a significant 

increase in the tissue content of p-PERK (Figure 3A), 

peIF2α (Figure 3B), and CHOP (Figure 3C) by 128%, 

56%, and 111%, respectively. Conversely, selenium 

significantly decreased the elevated concentrations by 

46 %, 32%, and 43%, respectively compared to lead 

intoxicated rats. 

 

Table (1): Effect of selenium treatment on some basic physiological parameters in lead intoxicated rats 

Parameters Control Selenium Lead intoxicated Selenium /Lead intoxicated 

Change in body weight % 36.00±9.90 37.220±5.3 13.22±4.4* 34.78±17.6
#
 

Relative kidney weight % 0.465±0.05 0.488±0.02 0.687±0.1* 0.503±0.04
#
 

Water intake (ml) 2.100±0.08 2.060±0.11 2.060±0.23 1.94±0.32 

Urine volume (ml) 1.080±0.08 1.100±0.01 2.0±0.018* 1.50±0.07
#
 

Values in the tables are means ± SD (n = 8), *Denotes significance of different groups vs. Control group: P < 0.05, 
#
 Denotes significance of different groups vs Lead intoxicated group: P < 0.05 

Table 2: Effect of selenium treatment on kidney functional tests in lead intoxicated rats. 

Parameters Control Selenium Lead intoxicated 
Selenium /Lead 

intoxicated 

Serum creatinine mg/dl 0.413±0.06 0.428±0.06 0.760±0.08*(84%) 0.648±0.05
# (15%)

 

Serum urea mg/dl 23.80±3.03 21.6±1.1 45.17±1.70*(90%) 24.33±3.30
# (46%)

 

Serum uric acid mg/dl 1.300±0.10 1.44±0.3 4.183±0.50*(220%) 1.480±0.19
# (65%)

 

Urinary Albumin g/L 8.22±0.6 7.06±0.2 12.42±0.60*(51%) 7.660±0.40
# (38%)  

 

Values in the tables are means ± SD (n = 8), *Denotes significance of different groups vs. Control group: P < 0.05.  
#
 Denotes significance of different groups vs Lead intoxicated group: P < 0.05 
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Figure (1): Photomicrographs of hematoxylin and eosin-stained histological sections of rat kidney tissue: (A &B): 

Control and selenium group: kidney tissue with normal histological structure. (C): Lead acetate-treated group: 

tubular epithelium with glomerular necrosis (thin arrows), hemorrhage (arrows), vacuolation of cytoplasm (star) 

and glomerular atrophy (triangle). (D): Lead acetate-treated group showing mononuclear cell infiltration in 

interstitial areas (stars) and sever hemorrhage (arrow). (E): Lead acetate + selenium- treated group showing the 

glomeruli and the renal tubules appeared more or less normal. 
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Figure 2: Effects of selenium treatment on MDA, total antioxidants, and caspase 3 and 8 in lead intoxicated rats. 

The rats were treated with 1% Pb acetate for 28 days. Selenium was orally administered in a dose of o.5 mg/kg of 

for 28 days. Bars represent means ± SD (n = 8). (A). Renal Malondialdehyde (MDA). (B). Renal Total 

Antioxidant Capacity (TAC). (C). Renal caspase3. (D). renal caspase8.Data was analyzed by one-way ANOVA 

using Tuckey’s post hoc test. *p<0.05,) compared with control group, 
#
p<0.05 compared with lead group.  
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Figure (3): Effects of selenium treatment on Pb-activated PERK-eIF2α- CHOP pathway in Pb-induced 

nephrotoxicity in rats: The rats were treated with 1% Pb acetate for 28 days. Selenium was orally administered 

in a dose of o.5 mg/kg of for 28 days. Bars represent means ± SD (n = 8). (A). PERK. (B). Renal eIF-2α. (C). 

Renal CHOP pathway. Data was analyzed by one-way ANOVA using Tuckey’s post hoc test. *p<0.05,) compared 

with control group, 
#
p<0.05 compared with lead group.  

Discussion 
Chronic lead exposure is extremely toxic and disturbs 

various cellular functions and many organs, including 

the kidney producing chronic interstitial nephritis. Lead 

nephropathy is most likely to occur in high-risk groups 

for kidney disease, including hypertensive and diabetic 

patients (Al-Megrin et al. 2019). Chronic prolonged 

lead exposure at lower levels may represent a global 

public health concern and still contribute to kidney 

toxicity. However particularly in developed countries, 

the high level of lead exposure is now increasingly rare 

due to removal of lead from environmental sources and 

occupational controls (Ekong et al., 2006).  

Until now, treatment is directed toward 

minimizing further exogenous lead sources and 

chelation therapy based on blood lead levels and 

symptoms, but excretion of lead via the kidneys is also 

a potential concern (Flora &Pachauri, 2010). 

Therefore, the present study was designed to 

investigate the nephron-protective effect of selenium 

against lead induced renal injury in rats. Lead exposure 

caused a significant rise in the renal index, as well as 

an elevation in serum urea, uric acid, creatinine levels 

and urinary albumin. In previous studies, glomerular 

effects of chronic lead exposure range from an 

increased prevalence of high molecular weight 

proteinuria to a nephrotic syndrome (Lin et al., 2001, 

Nikolas et al., 2005). However, clinically patients 

usually present with an elevated serum creatinine, uric 

acid, urea, but with little or no associated proteinuria. 

Generally, these manifestations are non-specific, and 

may be confused with hypertensive nephrosclerosis or 

chronic urate nephropathy. The increased suspicion for 

lead nephropathy depend on the presence of 

manifestation of other organ lead toxicity (Rastogi, 

2008). All these changes were ameliorated by selenium 

0.5mg/kg in the present work. Previous research had 

shown that selenium could normalize disturbed kidney 

function markers (Hematil et al. 2012). Previous 

studies have demonstrated the association between the 

decrease in plasma selenium level and acute as well as 

chronic kidney disease (Makropoulos et al., 1997 & 

Zachara et al., 2004). These changes were confirmed 

by histopathological evaluation of renal tissue. 

Therefore, selenium could be a useful therapeutic drug 

to inhibit the progression of lead-induced 

nephrotoxicity. 

MDA is one of the most important biomarkers 

in oxidative damage, antioxidant defense systems 

including reduced glutathione (GSH) antioxidant 

mechanisms (Zhang et al., 2012). Our results suggested 

that oxidative stress was involved in the 

pathophysiology of lead induced nephrotoxicity. As 

observed by increase in MDA level, as well as 

decreased TAC in lead intoxicated rats, both were 

https://link.springer.com/article/10.1007/s11356-020-09643-x#ref-CR7
https://link.springer.com/article/10.1007/s11356-020-09643-x#ref-CR13
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consistently relieved by selenium treatment. Selenium 

is a trace element that is considered as a cofactor for 

several enzymes including antioxidant defenses. It was 

established that, selenium supplementation in renal 

impaired patients, reduces the products of oxidative 

stress (Iglesias et al., 2013). Thus, the antioxidant 

properties of selenium appeared to underlie the 

nephron-protective effects against kidney injury 

induced by lead. 

 Moreover, oxidative stress can induce 

autophagy, a cell survival response, mostly during 

exposure to modest doses of reactive oxygen species 

(ROS), although it can lead to cell death or apoptosis. 

Apoptosis can be triggered by three main signaling 

pathways involving death receptors localized at the cell 

surface (Green and LIambi, 2015), or intrinsic 

pathways involving mitochondria or the ER (Jin and 

El-Deiry, 2005). Recent studies have shown that ER 

stress-mediated PERK pathway plays a key role in the 

pathological mechanism of renal diseases (Rutkowski 

and Kaufman, 2007). A positive association was found 

between the development of oxidative stress and 

apoptosis after lead exposure. The kidney is highly 

susceptible to the development of oxidative insults due 

to its long polyunsaturated fatty acids content  (Yin et 

al. 2019). This trend was confirmed in our study, as 

indicated by the increased level of caspase 3, 8 as well 

as the increase in CHOP protein in the renal tissue in 

response to lead exposure which were consistently 

ameliorated by selenium administration confirming its 

protective role in lead- induced nephrotoxicity.  

Apoptosis might play a role in lead-induced 

nephrotoxicity (Gao et al., 2013). The involvement of 

ER stress in the pathophysiology of lead induced 

nephrotoxicity is a relatively new area of research. 

Targeting inhibition of ER stress may provide new 

therapeutic approaches for protection. ER stress is an 

important mechanism involved in response to toxic 

stimuli in renal tubular cells (Ding et al., 2015). 

Moderate stress assists tubular cells to support their 

repair, while persistent ER stress results in the 

activation of ER-specific apoptosis mediator, to initiate 

the programed cell death (Harding et al., 2000).  ER 

stress causes apoptosis through three different signal 

pathways, PERK-eIF2α-ATF4-CHOP pathway, IRE1α-

XBP1 pathway and ATF6 pathway (Ogbechi et al., 

2018). Since PERK branch has a significant role in the 

pathogenesis of renal diseases we primarily 

investigated the role of PERK pathway in 

nephroprotective effect of selenium. In this study, lead 

intoxicated rats were found to have increased 

phosphorylated PERK, eIF2α, CHOP, which were 

significantly blunted by selenium treatment.  

The cellular stress response related to 

endoplasmic reticulum unfolded protein responses is 

activated due to accumulation of unfolded proteins in 

the lumen of the endoplasmic reticulum. It has three 

aims to restore normal function of the cell by halting 

protein translation, degrading misfolded proteins, and 

activating the signaling pathways to produce 

chaperones involved in protein folding. Within a 

certain time, if failed it will induce apoptosis. In 

conditions of prolonged stress, the PERK protein 

becomes activated by autophosphorylation. p-PERK 

phosphorylates eIF2α which represses eIF2B, resulting 

in reduced ER load through inhibition of global protein 

synthesis and induction of cytoprotective genes by 

preferentially stimulating translation of ATF4 (Huang 

et al., 2016). ATF4 also enhances the expression of 

CHOP, which negatively regulates p-eIF2α levels 

through the production of GADD34 that binds PP1 and 

dephosphorylates eIF2α.  Also, our study provided an 

evidence that selenium can effectively ameliorate 

PERK activation in response to ER stress Thus PERK-

eIF2α-ATF4-CHOP axis of the ER stress response 

contributes to nephroprotective effect of selenium in 

lead-induced nephrotoxicity and apoptosis (Liu et al., 

2016). 

Conclusion  
Selenium inhibited ER stress-induced renal apoptosis 

and ameliorated structural and functional abnormalities 

in lead intoxicated rats. The protective effect was 

associated with the inhibition of PERK- eIF2α,-CHOP 

pathway. Selenium might be a novel drug for 

prevention of lead induced nephrotoxicity through 

suppression of renal ER stress. 
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 فى ذكور  PERK-elf2α-CHOPموت الخاليا المبرمج من خالل منع مسار لمسيمينيوم  الحماية الكموية
 فئران التجارب المسممة بالرصاص

 3 البقلى مصطفى وسامو  2حسني زكى حممدو  الوكيل حممد منجودو  1راشد مدحت مروة

 الملخص العربي
ًٚزم انخهٕد ببنشصبص يصذس حٓذٚذ نكبفت انٕظبئف انحٕٛٚت فٗ صغى اإلَغبٌ حٛذ ٚؤد٘ ٔصٕدِ فٙ انضغى إنٗ حأرٛشاث المقدمة: 

ٔحٓذف انذساعت انحبنٛت  انٗ دساعت يذٖ فعبنٛت انغٛهُٕٛٛو فٙ انخخفٛف يٍ  الهدف من الدراسة:األعضبء انًخخهفت.عبيت عهٗ 

نٗ دساعت اٜنٛبث  انضضٚئٛت انًغخخذيت. إضبفت بإلب فئشاٌإصببت انكهٗ ٔاإلصٓبد انخأكغذ٘ انُبصى عٍ انخغًى ببنشصبص فٗ ركٕس ان

هٛت انغٛهُٕٛٛو فٗ انحًبٚت يٍ حغًى انكهٗ ببنشصبص عٍ طشٚق قٛبط ٔظبئف انكهٗ فٙ ركٕس خخببس يذٖ فبعإقذ حى طريقة البحث: 

ٔقذ  ج:ئالنتا يهضى / كضى يٍ انغٛهُٕٛٛو يقبسَت ببنًضًٕعت انضببطت يٍ انفئشاٌ. 5.0ًٕٚيب ببعخخذاو  82انخٙ عٕنضج نًذة  فئشاٌان

انًعشضت نهشصبص يقبسَت  فئشاٌانبٕنٛك ٔانضالل انبٕنٙ فٙ دو ان ٔحًض فٗ انبٕل أظٓشث انُخبئش صٚبدة انٕٛسٚب ٔانكشٚبحٍُٛٛ

ببنًضًٕعت انضببطت ْٕٔ يب أكذحّ انخغٛشاث انببرٕنٕصٛت ألَغضت  انكهٗ. كًب أربخج انقٛبعبث صٚبدة كبٛشة فٙ يٕث انخالٚب انًبشيش 

فٙ انكهٗ نهضشراٌ انًعشضت  CHOP  ٔcaspase 3  ٔ2ٔانبشٔحُٛبث انًبشيضت يزم  PERK  ٔeIF2αببإلضبفت إنٗ انفغفشة 

 قهم ئٍاعخُخش يٍ  ْزِ انذساعت أٌ انغٛهُٕٛٛو ٚ االستنتاج: نهخغًى ببنشصبص ، ٔانخٙ حى حخفٛفٓب عٍ طشٚق انعالس ببنغٛهُٕٛٛو.

ًٚذا ٔبزنك قذ ٚكٌٕ انغٛهُٕٛٛو دٔاًء صذفٙ انفئشاٌ.  PERK- eIF2α CHOPحغًى انكهٗ ببنشصبص صضئًٛب يٍ خالل حزبٛظ يغبس 

 نهٕقبٚت يٍ انغًٛت انكهٕٚت انخٙ ٚغببٓب انشصبص.
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