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ABSTRACT: Paracetamol (acetaminophen) (PA) is a widely used as 

an analgesic and antipyretic drug that is commonly available in 

without a prescription. Paracetamol has been used to treat many 

diseases such as headache, muscle aches, arthritis, backache, 

toothaches, colds, and fevers. It cures pain in mild arthritis but has no 

effect on the underlying inflammation and swelling of the joints. It has 

been reported as the common cause of drug toxic ingestion. These 

studies aim to compare the effect of some Paracetamol derivatives 

such Phenacetin, p-nitroacetanilide, p-bromoacetanilide and n-

acetylanthranilic acid on liver structure to avoid Paracetamol cancer 

effect during its metabolism. From the histological point of view, it 

has been found that p-nitroacetanilide is the best alternative due to its 

metabolite products. 

 

INTRODUCTIOIN: Paracetamol (acetamino 

phen) (PA) is a widely used as an analgesic and 

antipyretic drug that is commonly available without 

a prescription. Paracetamol has been used to treat 

many diseases such as headache, muscle aches, 

arthritis, backache, toothaches, colds, and fevers. It 

cures pain in mild arthritis but has no effect on the 

underlying inflammation and swelling of the joints. 

It has been reported as the common cause of drug 

toxic ingestion. Paracetamol or acetaminophen (N-

acetyl-p-aminophenol; PA) is a commonly used 

analgesic antipyretic drug and is used for wide 

range in different disease.  
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It was found that cumulative overdose can cause 

hepatic toxicity in both humans and experimental 

animals [Khandelwal et al.
1
. It was reported that, in 

certain circumstances, individuals died after taking 

less than the known minimum threshold toxic dose 

because of their higher sensitivity to its toxic 

effects; so, personals risk of toxicity following the 

overdose was difficult to be estimated by Ucheya 

and Igweh 
2
. Paracetamol at therapeutic doses is 

rapidly metabolized in the liver and then it is 

oxidized by cytochrome P450. The exact 

mechanisms of Paracetamol-induced toxicity still 

not clear. The general concept is that drug 

oxidation by various cytochromes P450 generates a 

highly cytotoxic N-acetyl-p-benzoquinone imine 

(NAPQI) that conjugates with glutathione (GSH), 

leading to the depletion of cellular GSH pools and 

an increasing the oxidative stress. The induced 

oxidative stress in the cell may ultimately cause 

cell death by Al-Belooshia et al. 
3
 and Saito et al.

13
. 
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Caspase 3 (cysteinyl aspartate proteinase) is a 

crucial molecule in regulating both mitochondrial 

and death receptor apoptotic pathways by Lavrik 
4
. A number of genetic and biochemical studies 

suggest that caspase activation is essential for the 

occurrence of the apoptotic phenotype of cell death 

by Janicke et al.
5
. Caspase-3 substrate cleavage has 

been observed under oxidative stress in different 

pathological conditions by Meki et al. 
6
. Heat shock 

proteins are molecular chaperones that play a vital 

physiological role enabling correct folding of 

freshly synthesized proteins.  

 

It is believed that they have various cytoprotective 

functions through mechanisms that include 

refolding of proteins impacted by stress-induced 

denaturation and inhibition of apoptotic molecules 

by Turturici. et al.
7
. In normal cells, HSP70 is 

expressed at low levels, but the expression was 

enhanced by stressful situation as oxidative stress 

by Tas et al. 
8
. It has been speculated that HSP70-

mediated inhibition of cell death may involve two 

distinct mechanisms: in the case of stimuli that 

cause stress-induced necrosis associated with 

protein damage, the key role appears to reflect a 

chaperone function in repairing the protein 

machinery, whereas separate and distinct 

mechanisms appear to be responsible for inhibition 

of apoptosis when protein damage is not a main 

feature by Steel et al.
9
.  

 

El-Shahawy 
10

 studied the metabolism of 

Paracetamol using DFT method of electron transfer 

between nucleic acid bases and the carcinogenic 

metabolite of Paracetamol, NAPQI. It has been 

concluded that the electron transfer between 

NAPQI and guanine equals to 0.4 eV; this means 

that once NAPQI contact the liver cell in absence 

of glutathione, a spontaneous electron transfer 

takes place from guanine to NAPQI forming 

cationic nucleus i.e positive cancer.  

 

Quantum Calculations:    
DFT-quantum calculations have been carried out 

using Gaussian 03 and Chemoffice 2005 as has 

been described before by El-Shahawy 
10

. Charge 

transfer studies between Paracetamol and its 

analogues such as Phenacetin, p-nitroacetanilide, p-

bromoacetanilide and n-acetylanthranilic acid with 

nucleic acid bases were performed using DFT 

method. It has been found that p-bromoacetanilide 

has the highest cancer energy barrier and it was 

concluded that this product can be used as an a 

Paracetamol alternative.  

 

Metabolism of Paracetamol: 

To understand well the denotation of cancer, it is 

mutual electron transfer from/to the nucleic acid 

bases and electron donor or electron acceptor, i.e. 

free radicals, some drugs even food like grills and 

fries. Losing an electron from the nucleic acid 

bases inside the nucleus of liver cell produces 

carcinogenic cell in which the nucleus acts as 

electron donor to any electron acceptor such as in 

Paracetamol metabolite in the liver. PA is 

metabolized primarily in the liver by El-Shahawy 
10

 

into toxic and non-toxic products. Three metabolic 

pathways are notable, Fig. 1. 

 

   
PARACETAMOL(PA)   PHENACETIN (PH) 

FIG. 1:  MINIMUM ENERGY STRUCTURES OF PA AND PH. 

 

The hepatic enzyme system metabolizes 

Paracetamol, forming the toxic product as NAPQI 

(N-Acetyl-P-benzo-Quinone Imine) or N-

acetylimido-quinone which has symbol (NAPQI). 

All three pathways produce final products which 

are inactive, non-toxic, and excreted by the 

kidneys. The intermediate product NAPQI is also 

produced via the metabolism of Phenacetin, in the 

liver. This means that NAPQI is primarily 

responsible for the toxicity of Paracetamol or 

Phenacetin; NABQI has high electron affinity 

which is sufficient to withdraw an electron from 

guanine in the nucleus of liver cell in absence of 

glutathione. Therefore the nucleus looses an 

electron producing cationic nucleus as a free 
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radical which can behave as a positive carcinogenic 

cell. The positive cancer means that the nucleus 

lacks an electron due to the electron transfer; 

therefore it behaves abnormally i.e. carcinogenic 

behavior.
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FIG. 2: METABOLISM PATHWAYS OF PARACETAMOL 

 

To deepen the denotation of cancer, it is mutual 

electron transfer between the nucleic acid bases and 

electron donor or electron acceptor, i.e. free 

radicals, drugs even some food like grills and fries. 

Losing an electron from the nucleic acid bases 

inside the nucleus produces carcinogenic cell in 

which the nucleus acts as electron donor to any 

electron acceptor such as in case of Paracetamol 

metabolite in the liver , NABQI,  which has  high 

electron affinity being sufficient to withdraw an 

electron from guanine in the  nucleus of liver cell in 

absence of glutathione.  Therefore the nucleus has 

electron deficiency producing cationic nucleus as a 

free radical which behaves as positive carcinogenic 

cell.  

 

HN

C

O

CH3

OH

N

O

C

O

CH3 NH

O

CH

O

C2H5  
PARACETAMOL                       NAPQI                                    PHENACETIN 

 

FIG. 3:  METABOLIC ALTERATION OF PARACETAMOL AND PHENACETIN TO NAPQI 
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DFT-Quantum Studies: 

After administration of PA and after its arrival to 

the blood of pH 7.4 from the gastrointestinal tract, 

PA has some anionic forms. The charge density 

anionic form of PA tends to be close to the NAPQI 

molecules and the anionic form enthalpy change to 

NAPQI is less than that of PA molecule, Table 1. 

 
TABLE 1: DFT-ENTHALPY CHANGE OF PA AND PA 

ANION TO NAPQI AT 37 OC. 

Compounds Total Energy eV ΔH k cal mol
-1

 

NAPQI -13989.07243 --------- 

PA anion -14006.3960 399.270 

PA molecule -14023.51472 794.428 

 

From the previous Table 1, it can be concluded that 

the enthalpy change for the anionic form of PA is 

lower than that of the PA molecule. Hence the 

alteration of the anionic form to NAPQI is easier 

than that of PA molecule. Paracetamol has 

ionization constant pKa being equal to 9.5 in the 

human blood medium of pH=7.4, therefore the 

ratio of the PA anions with respect to PA molecules 

equals to 0.8%. This means that there are some PA 

anions in the human blood with the major PA 

molecules before the drug arrival to the human 

liver.  

 

MATERIAL AND METHODS: 

Animals and treatments: 

Thirty adult male albino rats (3 months old; 200–

250 g body weight) were obtained and maintained 

in the Animal Nutrition and Care House, Faculty of 

Medicine, Sohag University. The animals were 

treated in accordance with the published guidelines 

established by Sohag Council on laboratory Animal 

Care, and the experimental protocol was approved 

by the Institutional Animal Use Committee of 

Faculty of Medicine, Sohag University (Egypt). 

Animals were housed in properly ventilated cages 

with controlled temperature (25°C), humidity, and 

12hs light/dark cycles and were allowed free access 

to rodent laboratory food and water throughout the 

experiment. After 1 week of acclimatization, the 

rats were divided randomly into six groups of 5 

animals each: 

(1) Control Group I: This group served as the 

control group and received the 

corresponding volume of PA vehicle 

(DMSO). 

 

(2) Group II: This group was treated with 8 

mg/kg/day Paracetamol compound (A) 

orally through a gastric tube for 14 

consecutive days. 

 

(3) Group III This group was treated with 8 

mg/kg/day Phenacetin (B) orally through a 

gastric tube for 14 consecutive days. 

 

(4) Group IV This group was treated with 8 

mg/kg/day P-nitroacetanilide (C) orally 

through a gastric tube for 14 consecutive 

days. 

 

(5) Group V This group was treated with 8 

mg/kg/day P-bromoacetanilide (D) orally 

through a gastric tube for 14 consecutive 

days. 

 

(6) Group VI This group was treated with 8 

mg/kg/day N-acetylanthranilic acid (E) 

orally through a gastric tube for 14 

consecutive days. 

 

The rats were administered the treatments in the 

morning after food supplementation to be sure that 

the stomach of the animals was full. 

 

METHOD: 

Twenty-four hours after the last dose of the 

experiment, liver specimens were obtained from 

each animal for histological studies. 

  

Histological study: 

24 hours after the last dose animals sacrificed and 

fresh small pieces from the liver of each animal 

were fixed in 10% neutral formalin. They were 

processed for preparation of paraffin sections (5 

µm) for Hematoxylin and Eosin stain (H&E) for 

studying the general histological structure by 

Bancroft and Gamble 
11

. Immunohistochemical 

staining: by using the avidin–biotin–peroxidase 

method all specimens were processed routinely by 

Issa, El-Sherif 
12

.  Monoclonal mouse anti-HSP70 

(dilution 1:100) and the polyclonal rabbit anti-

cleaved caspase-3 (diluted 1:50) (NeoMarkers, 

Fremont, California, USA) were used. To ensure 

antibody specificity, negative control samples were 

processed under the same conditions but without 
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using the primary antibody. Brown color in the 

cytoplasm was considered a positive reaction. The 

number of positive cells was counted by means of 

image analysis in five randomly selected, separate, 

×400 magnified fields from each slide. All images 

were semi quantitatively analyzed using the image 

analyzer (Leica Q 500 MC program, Wetzlar, 

Germany) in the Histology Department, Faculty of 

Medicine, Sohag University. 

 

Statistical analysis for histological Samples: 
Data, expressed as means±SEs, were subjected to 

analysis using the paired t-test: by SPSS software 

version 16 for Windows (SPSS, IBM, Chicago, IL, 

USA) with P values < 0.05 regarded as statistically 

significant. 

 

RESULTS: 

Light microscopic study: 

H & E stain: Fig. 4   in (a, b) control group I 
sections showed a normal histological pattern with 

the hepatic lobules and portal tract in between 

them. The lobules consisted of branching and 

anatomizing cords of hepatocytes radiating from 

the central vein and extending to the periphery. The 

hepatocytes were polygonal in shape and had 

acidophilic granular cytoplasm and vesicular 

nuclei. The cords were separated by blood 

sinusoids, which were narrow spaces and lined by 

flat endothelial cells. The portal tracts were located 

at the periphery of the lobules. The cell cords were 

separated by narrow blood sinusoids. The portal 

tract contained branches of portal vein, hepatic 

artery, and bile duct. 

 

In (c, d) group II sections revealed marked 

degenerative changes in most of the hepatic 

lobules. Wide areas of centrilobular necrosis were 

also observed. The necrosis was characterized by 

loss of cellular architecture of hepatic parenchyma. 

The hepatocytes exhibited deeply stained 

acidophilic cytoplasm with dark nuclei. Some 

hepatocytes showed apoptotic changes with 

appearance of apoptotic bodies and pyknotic 

nuclei. Inflammatory cellular infiltration of 

lymphocytes, neutrophils and eosinophils appeared 

in the portal areas. 

 

In (e, f) group III sections observed that the 

histological structure of some hepatic lobules was 

more or less similar to the control group. Some 

lobules showed dilated central veins and sinusoids. 

Some hepatocytes exhibited necrotic changes while 

others had pyknotic nuclei and vacuolated 

cytoplasm. 

 

In (g, h) group IV sections demonstrated less 

degree of affection in comparison to paracetamol 

group I. Most of the hepatic lobules appeared 

similar to the control. Few lymphocytic infiltrations 

in both portal areas and in between the hepatocytes 

were noticed. 

 

In (i, j) group V sections revealed the histological 

structure of most of the hepatic lobules was more 

or less similar to the control group apart from focal 

areas of priportal necrosis. Some cells showed 

dense nuclei and vacuolated cytoplasm. 

 

In (k, l) group VI revealed an increase in vascular 

congestion that manifested as dilated central vein 

and blood sinusoids with new vasularizaion in 

between the hepatic lobules. Some hepatocytes had 

highly acidophilic cytoplasm and dense irregular 

nuclei. Others had karyolitic nuclei and vacuolated 

cytoplasm. 
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FIG. 4:  PHOTOMICROGRAPHS OF A SECTIONS OF THE LIVER OF (a, b) GROUP I SHOWING CLASSICAL 

HEPATIC LOBULE CONTAINING CENTRAL VEIN (*) SURROUNDED BY RADIATING HEPATIC CORDS (THIN 

ARROW) FORMED FROM HEPATOCYTES WITH VACUOLAR CYTOPLASM AND LARGE, ROUNDED CENTRAL 

VESICULAR NUCLEI (THICK ARROW) AND SEPARATED FROM EACH OTHER BY HEPATIC SINUSOIDS (ARROW 

HEAD). NOTE THE PORTAL TRACT WITH BRANCHES OF PORTAL VEIN (V), HEPATIC ARTERY (A), AND BILE 

DUCT (D).  (c, d) GROUP II SHOWING DILATED CENTRAL VEIN (*) AND INTENSE CENTRILOBULAR NECROTIC 

FOCI. THE HEPATOCYTES APPEAR HIGHLY ACIDOPHILIC WITH DENSE NUCLEI (THICK ARROW). SOME 

CELLS ARE BALLOONED WITH CYTOPLASMIC VACUOLATION AND DISINTEGRATED NUCLEI (THIN ARROW). 

OTHERS CONTAIN PYKNOTIC NUCLEI (RED ARROW). NOTE: APOPTOTIC BODIES (ARROW HEAD) AND LOSS 

OF HEPATIC ARCHITECTURE (ARROW HEAD).  INFLAMMATORY CELLULAR INFILTRATION OF 

LYMPHOCYTES (L), EOSINOPHILS (E) AND MACROPHAGE (M) APPEAR AT PORTAL AREA. (e, f) GROUP III 

SHOWING MOST OF THE HEPATOCYTES MORE OR LESS SIMILAR TO CONTROL GROUP (ARROW HEAD). 

SOME HEPATOCYTES SHOW NECROTIC CHANGES CYTOPLASM WITH HIGH ACIDOPHILIC AT PORTAL AREA 

(ARROW). CENTRAL VEIN AND BLOOD SINUSOID SHOW MILD DILATATION (*). NOTE: PORTAL TRACTS (PT). 

(g, h) GROUP IV SHOWING MOST OF THE HEPATOCYTES ARE MORE OR LESS SIMILAR TO CONTROL GROUP 

(ARROW HEAD). LYMPHOCYTIC INFILTRATION AT PORTAL AREA AND IN BETWEEN THE HEPATOCYTES 

(ARROW) IS SEEN.  (i, j) GROUP V SHOWING FOCI OF NECROSIS WITH DENSE NUCLEI AND HIGHLY 

ACIDOPHILIC CYTOPLASM (ARROW). SOME HEPATOCYTES HAVE VACUOLATED CYTOPLASM (ARROW 

HEAD). NOTE: PYKNOTIC NUCLEI (RED ARROW). (k, l) GROUP VI SHOWING DILATED CENTRAL VEIN AND 

BLOOD SINUSOIDS (*) WITH NEW VASULARIZAION (CURVED ARROW) BETWEEN HEPATIC LOBULES. SOME 

HEPATOCYTES SHOW NECROSIS (ARROW) AND OTHERS SHOW BALLOONED DEGENERATION (ARROW 

HEAD). NOTE: CENTRAL VEIN (*). SCALE BAR (a, e, g, i, k) 1µm, SCALE BAR (b, c, d, f, h, j, l) 0.7µm. 
 

Quantitative immunohistochemical assessment and 

statistical analysis (Fig. 5, 6  and Histogram 1 and 

Table 2) The expression of caspase-3 as well as 

HSP70 positive cells was significantly increased in 

groups  II, III, V and VI as compared with control 

group I while group IV showed no significant 

difference. On other hand in comparison to 

Paracetamol treated group II all treated groups 

exhibited significant decrease. 
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FIG. 5:  PHOTOMICROGRAPHS OF IMMUNOHISTOCHEMICAL STAINING OF CASPASE-3 IN THE LIVER 

SHOWING; A- CONTROL GROUP I NEGATIVE FOR CASPASE-3 IMMUNOREACTION. B- HIGH EXPRESSION 

OF BROWN CYTPLASMIC GRANULES IN CASPASE-3 IMMUNOSTAINED HEPATOCYTES IN GROUP II. C, E 

& F- MODERATE EXPRESSION OF CASPASE-3 APPEARS IN GROUP III, V AND VI RESPECTIVELY. D- MILD 

EXPRESSION OF CASPASE 3 IN GROUP IV. NOTE: CENTRAL VEIN IN THE LIVER (*).  SCALE BAR 0.7µm. 
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FIG. 6:  PHOTOMICROGRAPHS OF IMMUNOHISTOCHEMICAL STAINING OF (HSP) 70 IN THE LIVER A- LIVER OF 

CONTROL GROUP I SHOWING VERY FEW POSITIVE HSP70 IMMUNOSTAINED HEPATOCYTES. B & C- LIVER OF 

GROUP II &III SHOWING HIGH EXPRESSION OF IMMUNOSTAINED HSP70 ANTIBODY D& F- LIVER OF GROUP IV AND 

VI SHOWING MODERATE EXPRESSION OF HSP70. E- LIVER OF GROUP V SHOWING MILD EXPRESSION OF HSP70. 

SCALE BAR 0.7µm. 

 

TABLE 2:  MEAN ± SE FOR EACH OF BOTH CASPASE-3 AND HSP70 POSITIVE CELLS IN THE DIFFERENT GROUPS   

 Group I Group II Group III Group IV Group V Group VI 

Caspase 3 antibody 

positive cells 

13.86±1.9
 

47.73±4.9
++ 

25.13±2.5
++* 

13.26±2.2
* 

24.73±2.8
++* 

31.20±2.7
++# 

HSP 70 antibody 

positive cells 

6.8± 1.4 39. 7±1.9
++ 

32.10±2.3
++ 

15.20±3.6
* 

17.24±3.2
++#

 27.9±3.3
++

 

++ P < 0.01 in comparison with group I (control).  

 
+
P < 0.05 in comparison with group I (control).  

 * P< 0.01 in comparison with group II (paracetamol).    

 
#
 P < 0.05 in comparison with group II (paracetamol).  

 

 
HISTOGRAM:  1



El- Shahaway et al., IJPSR, 2016; Vol. 7(11): 4387-4399.                             E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4396 

DISCUSSION: The liver is the primary organ 

involved in xenobiotics metabolism and is a major 

target organ for chemicals and drugs. 

Hepatotoxicity is therefore an important endpoint 

in the evaluation of the effect of particular 

xenobiotics. Administration of paracetamol causes 

oxidative stress and generation of ROS, especially 

in the liver by Saito et al.
13

. Its side effects are 

worldwide and damage to the liver is a major 

complication. It could cause a significant decrease 

in the activities of antioxidant enzymes and 

increase in the amount of lipid peroxidation 

product in the treated rats by Madkour, and Abdel-

Daim, 
14

.  

 

This study was designed to compare between some 

Paracetamol derivatives to reach the maximum 

safety in its use. The low therapeutic dose used in 

this work was calculated according to Paget’s 

formula by Paget et al.
15

. This choice was 

supported with the results of some researchers who 

found that similar low dose caused spermatogenic 

cell alterations in testis by Wafaa et al.
16

. On the 

other hand other studies cited that there were no 

significant histopathological changes with low dose 

and they attributed the negative toxic effect to the 

different route of administration by Payasi et al.
17

. 

 

In the present study the histological examination 

revealed that Paracetamol induced variable degrees 

of hepatocellular degeneration. In the present study 

centrilobular necrosis was observed as loss of 

architecture and hepatocytes exhibited highly 

acidophilic cytoplasm, pyknotic nuclei and 

irregular outlines. The expression of caspase-3 (a 

key executioner of apoptosis) positive cells was 

significantly increased in liver tissues compared to 

the control. These changes could be due to 

increased NAPQI production and lipid peroxidation 

as a result of mitochondrial GSH depletion by 

NAPQI conjugation which lead to cytochrom P450 

bioactivation especially in the centrilobular cells by 

Oz et al. 
18

 and Galal et al. 
19

. Moreover the 

increased oxidative stress leads to release of more 

proinflammatory cytokines particularly TNF-alpha 

that leads o apoptotic damage by Murat et al. 
20

.  

It is well known that liver tissue contains a 

relatively high content of polyunsaturated fatty 

acids, which are sensitive to peroxidative damage 

by Catala 
21

. In agreement with our results some 

authors found that paracetamol induced necrotic 

and apoptotic changes in hepatocytes via initiation 

of the mitochondrial permeability transition. They 

proved that ATP synthesis by glycolysis led to 

switch between necrosis and apoptosis in liver cells 

by Kon et al. 
22

. Compounds C and D exhibited less 

degree of affection especially C. Some of the 

hepatic lobules appeared more or less similar to the 

control group while others showed signs of 

degeneration. Compounds A, B, D & E observed 

significant increase in the expression of caspase-3 

positive cells in comparison to the control group 

while compound C observed non significant 

change. This amelioration of the toxic effect might 

be due to decrease of NAPQI production or 

increase the level of the antioxidant enzymes as a 

result of change in chemical composition. 

  
               COMPOUND C                    COMPOUND D  

FIG. 7: MINIMUM ENERGY STRUCTURE OF 

COMPOUNDS C AND D. 

According to El-Shahawy 
10

, it has been concluded 

that the electron transfer energy between p-

bromoacetanilide (D) and DNA in the liver cell has 

high value (more than 4 eV) indicating to the 

difficulty of cancer production, therefore it has not 

ability to withdraw an electron from guanine.  In 

addition the presence of Br atom in the para 

position does not permit the formation of NAPQI 

as well as in case of Compound, p-nitroaceranilide 

(C). According to El-Shahawy 
10

, this compound 

has high electron transfer energy with guanine 

indicating to the Non-possibility of cancer 

production.  Arylamine acetyltransferase reaction 

from p-nitroacetanilide to aniline has been 

demonstrated by Hathway 
23

. 
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The presence of aniline product due to amylamine 

acetyltransferase reaction from p-nitroactanilide 

and it has low ionization potential, 5.5217 eV and 

low electron affinity 0.79512 eV, by DFT 

calculations; therefore it acts as an electron donor 

more than guanine. Hence the presence of aniline 

protects the DNA from the electron transfer from 

the nucleus.  

 

On the other hand compound E (N-

acetylanthranilic acid) (NAA) is metabolized to 5-

hydroxyanthranilic acid and anthranilamide in the 

rat liver and caused dilated congested central vein 

and capillaries with prominent vonkupffer cells in 

their lumens. Neovascularization between hepatic 

lobules were seen. These signs previously 

described by Saadoun et al
 24

 in non-cirrhotic 

intrahepatic portal hypertension. They might 

explain as sinusoidal outflow obstruction secondary 

to direct injury to hepatic endothelial cell.  

                                     
FIG. 8: MINIMUM ENERGY STRUCTURE OF COMPOUND 

E (NAA). 

HSP70 is a general antiapoptotic protein that 

protects the tissues from cytotoxicity induced by 

oxidative stress and other stress conditions by Tas 

et al., 
8
. The level of HSP70 was significantly 

enhanced in stressful situation by Wang et al. 
25

. In 

the present study, significant elevation in the 

expression of HSP70 positive cells in all 

Paracetamol derivatives was noticed. The sharp 

increase in its expression in compound B more than 

the others might be due to different 

histopathological pathways other than apoptosis. 

The increasing levels of HSP70 expression might 

be attributed to the oxidative effect of Paracetamol, 

which enhance its expression as a cellular defense.  

Thus, HSP70 expression is correlated with 

apoptosis, this in agreement with Morimoto et al. 
26

 

who reported that HSP protects other proteins from 

unfolding, or refolds denatured proteins. It was 

proved that HSP70 could correct the apoptosis 

through inhibition of Bax activation and prevention 

of release of pro-apoptotic factors from the 

mitochondria so it was unable to affect apoptosis 

once caspase-3 or caspase-9 activation had 

occurred by Stankiewicz et al 
27

.    

 

This was also supported by the present findings 

where our results showed positive correlation 

between HSP70 and caspase 3 expressions. On the 

other hand some authors had reported that it could 

act as death determinants causing decrease 

cytochrome C release and increase the activation of 

caspase-3 showed by Xanthoudakis and Nicholson 
28

. Another mechanism that HSP70 could prevent 

the progress in tissue damage is by acting as a 

paracrine signal.  
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It was found that extracellular Hsp70 can stimulate 

innate immune mechanisms by promoting the 

expression of tumor necrosis factor α and 

interleukin-6 and downstream nuclear factor kappa 

B signaling, all of which are biologically important 

components of early liver regeneration as reported 

by Joshua et al 
29

.   

 

CONCLUSION: The increased caspase-3 

positivity and expression of HSP70 in rat liver 

tissues treated with paracetamol may be ultimately 

interlinked in the pathogenic network of its 

toxicity. The low level of these parameters was 

assessed as immunohistochemical evidence to 

support the possibility of getting safe paracetamol 

like compounds without hepatic damage. P-

nitroacetanilide  had almost no degenerative effects 

with more or less normal level caspase-3 and 

HSP70 while other compunds especially n-

acetylanthranilic acid compound  caused variable 

degree of appoptosis.  Under the light of these 

aspects p-nitroacetanilide, compound C, could be 

used safely and considered as a good alternative to 

paracetamol. Further studies should be done to 

confirm this opinion at the biochemical point of 

view.  
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