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ABSTRACT 
 
Arsenic, a widely studied medicinal and toxicological element, is known to induce 
oxidative stress and damage to cells. The present study was aimed at to assess the 
effect of vitamin E (alpha-tocopherol) and/or DDB (dimethyl diphenyl bicarboxylate) 
with or without the chelator DMSA (Meso 2,3-dimercaptosuccinic acid) on arsenic-
induced hepatotoxicity. Fifty four adult male albino rats were divided into nine 
groups. Group I was the control and received only intraperitoneal injection normal 
saline 2 times per week for two weeks. Group II was injected with sodium arsenite in 
normal saline 2 times /week for 2 weeks. Group III was injected with sodium arsenite 
and received oral DMSA daily for 2 weeks. Group IV was injected with sodium 
arsenite and received oral vitamin E (alpha –tocopherol) daily for 2 weeks. Group V 
was injected with sodium arsenite and received oral DDB daily for 2 weeks. Group VI 
received sodium arsenite, vitamin E and DDB for 2 weeks. Group VII received 
sodium arsenite, DMSA and vitamin E for 2 weeks. Group VIII received sodium 
arsenite, DMSA and DDB for 2 weeks.   Group IX received sodium arsenite, DMSA, 
vitamin E and DDB for 2 weeks.  Physiological and biochemical parameters were 
undertaken to measure Alanine Amino-Transferase (ALT), Aspartate Amino-
Transferase (AST), Malondialdehyde (MDA), reduced Glutathione (GSH) and 
Glutathione Peroxidase (GPx).  Histochemical and histpathological parameters were 
also undertaken to assess the structural-functional mirror changes. The results of this 
study showed that vitamin E and DDB were almost similar in their antioxidant 
hepatoprotective effects with stronger inhibiting action of DDB to lipid peroxidation 
while the greatest effect was achieved by their combination with a chelating agent 
like DMSA with restoration of almost the normal hepatic histology. 
 

INTRODUCTION 
 

The metalloid arsenic (As) is an 
industrial element, medicinal agent, 
homicidal poison and unfortunately an 
unintentional self-poison in 
contaminated drinking water(1,2). 

Arsenic may cause black foot disease 
and malignancies of skin, lung, liver 
and urinary bladder(1,3,4). Arsenite 
toxicity may be exerted thru the 
generation of metabolic reactive 
oxygen species (ROS) or via reactions 
with intracellular thiols particularly 
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vicinal dithiols(5,6,7). The human cells 
methylate inorganic arsenic to 
monomethyl-arsonic acid (MMA) and 
dimethyl arsenic acid (DMA) while 
reduced glutathione (GSH) stimulates 
the methylation of arsenic and 
augments the excretion of DMA(8,9,10). 
Glutathione, the most abundant 
cellular non-protein thiol, exerts many 
physiological roles such as 
detoxification reactions, storage and 
transport of amino acids especially 
cysteine(11). The tripeptide reduced 
glutathione (GSH) is an essential 
antioxidant against many free radicals 
which may damage membrane 
proteins and lipids(12,13). GSH may 
form a complex with arsenite, a thiol-
reacting element, and excreted in bile 
as GSH complex, so the level of 
cellular GSH will be decreased(14). 
Glutathione peroxidase (GPx) plays a 
critical role in protecting the cell from 
free radicals damage particularly that 
related to lipid peroxidation(15).  

Alpha-tocopherol or vitamin E is 
the most important natural antioxidant 
working at the membrane level which 
is the first defensive line against free 
radicals-induced lipid peroxidation(16). 
Dietary vitamin E has a marked effect 
in delaying atherosclerotic 
progression in hyperlipidemic 
persons, hence its protective role 
against many degenerative 
diseases(17,18). Zinc, as a constituent of 
the antioxidant superoxide dismutase 
(SOD), is essential for maintenance of 
vitamin E in the blood by helping its 
absorption which augments tissue 
repair and wound healing(19,20,21). 
Glutathione and ascorbic acid can 
regenerate vitamin E in the liver after 
its oxidation(22).  

Dimethyl diphenyl bicarboxylate 
(DDB), extracted from seeds of 
Schisandra chinesis endemite, is 
beneficial antioxidant used in the 
treatment of many diseases of CVS, 
CNS, diabetes mellitus, neoplasms 
and liver especially viral 
hepatitis(23,24). It had been suggested to 
use DDB with other herbs to increase 
the therapeutic effects and prevent 
relapse(25). DDB enhances the hepatic 
mitochondrial glutathione redox status 
and mitochondrial glutathione 
reductase (mtGRD) and has a 
siginificant ability to suppress the 
hepatotoxic increase of ALT and 
AST(23). DDB also inhibits 
hepatotoxic lipid peroxidation and 
decreases carbon monoxide 
production and cofactor 
(NADPH&O2) utilization in the liver 
microsomes(26). 

The aim of the present study is to 
investigate the antioxidant protective 
capability of vitamin E and/or DDB 
with or without the chelator DMSA on 
arsenic-induced hepatotoxicity with 
regard of histochemical, 
histopathological, physiological and 
biochemical parameters. 

 

MATERIAL & METHODS 
 

Fifty four adult male Sprague-
Dawley albino rats weighing 170-200 
gram were bred at the animal house of 
physiology Department, Faculty of 
Medicine, Tanta University and 
histology Department, faculty of 
medicine, El-Minya University. 
Egypt. Rats were fed with standard 
lab chow and water ad libitum for two 
weeks of acclimatization, and then 
randomly divided into nine groups of 
6 rats each. Group I rats; were the 
control ones and received only 



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                        Elshennawy et al. 

 
227

intraperitoneal injection of 2 ml. of 
normal saline 2 times per week for 
two weeks. Group II rats; were 
injected with sodium arsenite in 
normal saline at a dose of 80 umol/kg 
body weight 2 times/week for 2 
weeks(27). Group III rats; were injected 
with the same aforementioned dose of 
sodium arsenite and received DMSA 
orally through gavages at a daily dose 
of 50mg/kg body weight(28,29). Group 
IV rats; were injected the same 
aforementioned dose of sodium 
arsenite and received vitamin E (alpha 
–tocopherol) orally at a daily dose of 
100 mg/kg body weight for 2 
weeks(30). Group V rats; were injected 
the same aforementioned dose of 
sodium arsenite and received DDB 
orally at a daily dose of 150 mg/kg 
body weight for 2 weeks(31). Group VI 
rats; received the same 
aforementioned doses of sodium 
arsenite, vitamin E and DDB for 2 
weeks. Group VII rats; received the 
same aforementioned doses of sodium 
arsenite, DMSA and vitamin E for 2 
weeks.   Group VIII rats; received the 
same aforementioned doses of sodium 
arsenite, DMSA and DDB for 2 
weeks. Group IX rats; received the 
same aforementioned doses of sodium 
arsenite, DMSA, vitamin E and DDB 
for 2 weeks. Alpha–tocopherol 
(vitamin E) has been obtained from 
EIPICO Pharmaceutical Company at 
Cairo.  

On the fifteenth day of the 
experiment, animals were anesthetized 
by ether inhalation then blood was 
collected by cardiac puncture before 
the animals being sacrificed. Liver 
biopsies were fixed in 10% buffered 
formal saline, dehydrated in ascending 
grades of ethanol, cleared in xylene, 

infiltrated and embedded in paraplast 
paraffin wax. Blocks were cut into 5 
um thick sections, stained with Harris' 
Hematoxylin & Eosin, histochemical 
Periodic Acid Schiff (PAS) and 
finally photographed with an Olympus 
microscope digital camera(32,33,34,35).    

Liver tissue was homogenized 
and processed to determine reduced 
glutathione (GSH) according to the 
method of Griffith(36). Glutathione 
peroxidase (GPx) was measured by 
using a commercial kit of Randox 
according to the method of Paglia and 
Valentine(37). Malondialdehyde 
(MDA), an end-product of lipid 
peroxidation that reacts with 
thiobarbituric acid to yield a pink-
colored trimethine complex, was 
measured in liver tissue 
homogenate(38,39,40). Serum alanine 
amino-transferase (ALT) and 
aspartate amino-transferase (AST) 
were measured by spectrophotometric 
assay(41). All physiological measures 
and assays were hold at the 
Department of Physiology, Tanta 
University, Egypt. 

The statistical data was analyzed 
for the mean and standard error by 
Student's t-test using Microsoft Excel 
and Instat-3 programs. Significance 
was set at P<0.05 level.   

 

RESULTS 
 

Serum ALT and AST levels and 
tissue MDA level showed a 
significant increase among the 
arsenic-exposed group II animals 
when compared to the control group I 
animals as shown in the Table 
(p<0.001) indicated hepatotoxicity  
(ALT,AST) and oxidative stress 
(MDA). Administration of DMSA, 
alpha-tocopherol (vitamin E) and 



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                        Elshennawy et al. 

 
228

DDB or their combination to arsenic-
exposed animals ( groups III to IX) 
showed a significant decrease in ALT, 
AST and MDA of all these groups 
when compared to arsenic-exposed 
group II animals, except for the level 
of MDA among the rats of group IV 
which received vitamin E alone. 
However, this detected significant 
decrease did not reach the control 
levels (Fig. 1A, 1B). 

Tissue GSH and GPx levels 
showed a significant decrease among 
the arsenic-exposed group II rats 
when compared to rats of the control 
group I (p<0.01). No significant 
change was noted in GSH or GPx in 
group III rats which received arsenite 
and DMSA when compared to group 
II arsenic-exposed animals. Arsenic-
exposed animals treated with vitamin 
E and/or their combination with or 
without DMSA (groups IV to IX) 
showed significant increase in GSH 
an GPx - which approached the 
control level – when compared to 
arsenic-exposed group II rats. The 
later significant change indicated the 
ability of vitamin E and DDB to 
prevent the arsenic-induced depletion 
of GSH and GPx levels when 
compared with the action of the 
chelating agent DMSA (Fig. 1C). 
Histopathological & Histochemical 
Results: 

The control group I showed a 
normal hepatic stroma and 
parenchyma where the radial-arranged 
hepatocytes appeared normal with 
rounded nuclei and normally dense 
cytoplasm while the central vein, 
hepatic blood sinusoids and portal 
tract showed normal distribution and 
regular continuous endothelium (Fig 
2A, 2B). Glycogen or polysaccharides 

content of the control group I 
appeared normally high with the 
histochemical PAS-reaction (Fig. 3). 
The arsenic group II showed 
centrilobular necrosis around the 
central veins with many vacuolated-
necrotic hepatocytes with fatty 
infiltration, cell lyses, indistinct 
boundaries, pyknotic nuclei and some 
other nuclei appeared fragmented 
(karyorrhexis) or even karyolysed 
(Fig.4). Perilobular (periportal) 
hepatocytes tended to appear slightly 
flattened with decreased granulation 
and density of the cytoplasm while 
some hepatocytes showed cytomegaly 
and karyomegaly. The damage around 
the portal tract (periportal or 
perilobular) was less prominent than 
that in the centrilobular area. The 
blood sinusoids appeared dilated and 
some of the lining endothelial cells 
showed irregularity and necrosis while 
other areas showed focal infiltration 
with inflammatory cells. Hepatocytes 
manifested a very weak PAS-reaction 
(pale pink) especially at the 
centrilobular necrotic areas (Fig.5).  

On giving DMSA to the arsenic-
treated animals (group III) yielded a 
less centrilobular necrosis with fewer 
incidences of vacuolations and less 
frequent figures of nuclear pyknosis 
and karyolysis. Hepatocytes of the 
perilobular areas expressed mild 
improvement while the blood 
sinusoids and portal blood vessels   
showed mild congestion (Fig. 6). The 
centrilobular areas showed a weak 
PAS-reaction while the periportal 
areas explored mild to moderate PAS-
reaction (Fig.7).  

The treatment of the arsenic-
intoxicated animals with alpha-
tocopherol (vitamin E) i.e. group IV 
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showed hepatocytes of the 
centrilobular areas with more or less 
similar amount of vacuolations when 
compared to the arsenic group II, 
while the perilobular areas showed 
mild improvement of the affected 
hepatocytes (Fig. 8). PAS-reaction 
was very weak at the centrilobular 
areas but it was moderate at the 
perilobular or periportal areas (Fig. 9). 

The arsenic-treated animals when 
given DDB (group V) showed 
hepatocytes of the centrilobular areas 
with low amount of vacuolations and 
lower incidence of nuclear pyknosis 
and karyolysis while the perilobular 
areas appeared with mild 
improvement of the affected 
hepatocytes (Fig.10). The 
centrilobular areas showed a weak 
PAS-reaction while this reaction was 
mild to moderate at the perilobular 
areas (Fig. 11).   

The administration of both 
vitamin E and DDB to the arsenic-
intoxicated animals (group VI) 
showed hepatocytes of the 
centrilobular areas with less 
vacuolations and less figures of 
nuclear pyknosis, karyorrhexis and 
karyolysis while the perilobular areas 
expressed moderate improvement of 
the affected hepatocytes (Fig. 12). 
PAS-reaction was weak among the 
centrilobular areas while the 
perilobular areas showed mild to 
moderate reaction (Fig. 13).  

The concomitant treatment of 
arsenic-intoxicated animals with 
DMSA and vitamin E (group VII) 
manifested less centrilobular necrosis 
with low amount of vacuolations and 
less figures of nuclear pyknosis, 
karyorrhexis and karyolysis. The 
perilobular areas showed moderate 

improvement of the affected 
hepatocytes with mild congestion of 
the blood vessels and sinusoids (Fig. 
14). The centrilobular areas expressed 
weak PAS-reaction while the 
perilobular areas showed moderate 
reaction (Fig. 15). 

The combination of DMSA and 
DDB treatment to the arsenic-
intoxicated animals (group VIII) 
showed a very little amount of 
vacuolations at the centrilobular areas 
with fewer figures of nuclear 
pyknosis, karyorrhexis and karyolysis 
with some degree of regeneration. The 
perilobular areas showed moderate 
improvement and regeneration of the 
affected hepatocytes with mild 
congestion of the portal blood vessels 
and sinusoids (Fig. 16). PAS-reaction 
was moderate at the centrilobular 
areas while the reaction was good at 
the perilobular areas (Fig. 17).  

The concomitant treatment of the 
arsenic-intoxicated animals with 
DMSA, vitamin E and DDB (group 
IX) expressed a good regeneration of 
the centrilobular areas with very little 
figures of vacuoles and nuclear 
pyknosis while the cytoplasm showed 
normal density and acidophilia. The 
perilobular (periportal) areas explored 
marked regeneration with almost 
normal hepatic architecture with no 
cellular infiltration. Cytomegaly and 
karyomegaly figures were almost 
disappeared. The hepatic sinusoids 
appeared normal with no endothelial 
injury while the portal blood vessels 
are mildly congested (Fig. 18).The 
perilobular areas expressed a highly 
positive PAS-reaction while the 
centrilobular areas showed good 
positive PAS-reaction (Fig.19A&B). 
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Table: Effect of  exposure treatment with DMSA, Vitamin E, DDB or their combination on ALT, AST, MDA, GSH and GPx 
of arsenic- induced hepatotoxicity of adult male albino rats. 

                 Parameter 
Group (n=6) 

ALT 
(u/L) 

AST 
(u/L) 

MDA 
(mmol/100 g. tissue)

GSH 
(umol/100 g. tissue) 

GPx 
(unit/dL) 

I : Control 26.1± 2.3 22.3± 1.8 138.6± 6.1 23.7± 3.1 6.9± 0.6 
II :As (80umol/kg) 81.3± 1.9 *** SI 70.6± 2.3 *** SI 310.5± 21.2 *** SI 11.5± 1.2 ** SI 3.7± 0.5 ** SI 
III: As + DMSA 39.2± 2.4 ** SII 44.3± 3.1 * SII 219.9± 10 * SII 12.1± 1.7 3.9± 0.4 
IV: As + Vit. E 49.5± 4.1 *** SII 49.1± 3.9 * SII 299.7± 18.6  20.7± 4.1  ** SII 6.1± 0.7 *** SII 
V: As + DDB 53.3± 3.5 * SII 52.4± 3.8 ** SII 225± 17.1 * SII 18.9± 3.2 ** SII 5.9± 1.3 *** SII 
VI: As+Vit.E+DDB 47.9± 3.2 *** SII 46.2± 3.3 * SII 191.8± 11.3 ** SII 21.4± 3.9 * SII 6.5± 1.6 * SII 
VII: As+DMSA+Vit.E 36.6± 2.4 ** SII 37.4± 3.2 * SII 210.2± 18.9 *** SII 19.2± 0.8 ** SII 5.9± 1.4 ** SII 
VIII: As+DMSA+DDB 38.1± 2.2 *** SII 40.1± 2.8 ** SII 179.2± 12.3 * SII 19.1± 4.5 *** SII 5.8± 0.3 * SII 
IX: As+DMSA+E+DDB 33.4± 1.9 ** SII 30.7± 2.7 ** SII 162.3± 16 ** SII / *SI 21.1± 2.7 ** SII 6.4± 1.9 *** SII 

# Results are expressed as mean ± S.E.                                                                                                                    
# n = number of animals of each group = 6                             * = p < 0.05                     SI = significant versus control group I 
# As = Arsenic or Arsenite                                                    ** = p < 0.01                    SII = significant versus arsenic group II 
# ALT = Alanine Aminotransferase                                     *** = p < 0.001 
# AST = Aspartate Aminotransferase                 
# MDA = Malondialdehyde           
# GSH = reduced Glutathione 
# GPx = Glutathione peroxidase        
# DDB= Dimethyl diphenyl bicarboxylate       
# DMSA = Meso 2,3-dimercaptosuccinic acid 
 



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                        Elshennawy et al. 

 
231

 

0

20

40

60

80

100

( 
u
 /
 L

 )

I III V VII IX

Groups

ALT AST

$

$

 
Fig. (1A): Histogram of the studied groups (I to IX) as regard serum ALT and        
AST.  $ = significant versus group I.  * = significant versus group II. 
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Fig. (1B): Histogram of the studied groups (I to IX) as regard tissue MDA.     
                $ = significant versus group I.  * = significant versus group II. 
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Fig. (1C): Histogram of the studied groups (I to IX) as regard tissue   GSH and 
GPx.  $ = significant versus group I.  * = significant versus group II. 

 
 

 
 
 

 
Fig. (2A): Photomicrograph of a section in the liver of control animal. Normal 
hepatocytes around both central vein (C) and sinusoids (S) with intact regular 
endothelium (arrowhead). (x400, Hx.&E.). 
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Fig.(2B): Photomicrograph of a section in the liver of control animal. Normal 
hepatocytes around sinusoids (S) and portal tract (P) vessels (V; portal vein and A; 
hepatic artery) with intact regular endothelium. (x400, Hx.&E.). 
 
 

 
Fig. (3): Photomicrograph of a section in the liver of control animal. Normal 
hepatocytes granulation and density with highly positive PAS-reaction (x400, PAS). 

 
 

 
Fig. (4A): Photomicrograph of a section in the liver of an arsenic-treated animal. 
Centrilobular necrosis with vacuolated (O) hepatocytes around central veins (C) 
while the periportal (P) areas are less affected  (x200, Hx & E.) 
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Fig. (4B): Photomicrograph of a section in the liver of an arsenic-treated animal. 
Centrilobular necrosis with vacuolated (O) hepatocytes with fatty infiltration (F). 
Note the inflammatory cell infiltration (arrow) around the central (C) vein  (x400, 
Hx & E.). 

 
Fig. (4C): Photomicrograph of a section in the liver of an arsenic-treated animal. 
Centrilobular necrosis with vacuolated hepatocytes (O) and abnormal acidophilia 
(D) due to increased binding capacity of the denaturized proteins to Eosin in 
contrast to the acidophilia of normal hepatocytes (N). Some endothelial cells lining 
the central vein (C) appeared injured, irregular and discontinuous.   (x400, Hx & 
E.). 

 
Fig. (5): Photomicrograph of a section in the liver of an arsenic-treated animal. 
Faint hepatocytes granulation and density with very weak PAS-reaction especially 
at the centrilobular areas (C) in contrast to the mild PAS-reaction at the periportal 
areas (P).  (x200, PAS). 
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Fig. (6): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DMSA. Centrilobular necrosis appeared with less vacuolated hepatocytes and 
fatty infiltration. Some  endothelial cells are irregular and discontinuous (arrow). 
Note the nearly normal acidophilia around the periportal area (P) in contrast to the 
abnormal one around the central veins (C).   (x400, Hx & E.). 

 

 
Fig. (7): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DMSA. Centrilobular areas showed weak PAS-reaction while the reaction is 
moderate near the perilobular areas (P).  (x400, PAS). 
 

 
Fig. (8): Photomicrograph of a section in the liver of an arsenic-treated animal 
given Vit. E. Periportal area is less affected with mildly congested portal vein (PV) 
while vacuolated (O) hepatocytes with pyknotic nuclei (arrows) are seen near the 
centrilobular area. (x600, Hx & E.). 
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Fig. (9): Photomicrograph of a section in the liver of an arsenic-treated animal 
given Vit. E.  Centrilobular areas (C) showed weak PAS-reaction while the reaction 
is moderate near the perilobular areas (P).  (x200, PAS). 

 

 
Fig. (10): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DDB. Centrilobular necrosis with less vacuolated hepatocytes around central 
vein (C) while the cells are less affected near the periportal (P) areas  (x250, Hx & 
E.). 
 

 
Fig. (11): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DDB.  Centrilobular areas (C) showed weak PAS-reaction while the reaction 
is mild to moderate near the perilobular areas (P).  (x200, PAS). 
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Fig.(12): Photomicrograph of a section in the liver of an arsenic-treated animal 
given Vit.E + DDB. Centrilobular (C) necrosis with some necrotic and vacuolated 
(O) hepatocytes having pyknotic nuclei (arrowhead). Focal inflammatory cell 
infiltration (arrow) is near the centrilobular area while the cells are less affected 
near the periportal areas (P).  (x600, Hx & E.). 

 

 
Fig. (13): Photomicrograph of a section in the liver of arsenic-treated animal given 
Vit. E + DDB.  Centrilobular areas (C) showed weak PAS-reaction while the 
reaction is moderate near the perilobular areas (P).  (x200, PAS). 

 

 
Fig. (14): Photomicrograph of a section in the liver of arsenic animal treated with 
DMSA + Vit E . Centrilobular necrosis appeared with less vacuolated (O) 
hepatocytes and fatty infiltration. The endothelium (arrowhead) of the central vein 
(C) appeared regular and continuous.  (x250, Hx & E.). 
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Fig. (15): Photomicrograph of a section in the liver of arsenic-treated animal given 
Vit. E + DDB.  Centrilobular areas (C) showed mild PAS-reaction while the 
reaction is moderate near the perilobular areas (P).  (x250, PAS). 

 

 
Fig. (16): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DMSA + DDB . Perilobular hepatocytes are moderately regenerated around 
dilated and mildly congested portal vein (PV). The centrilobular (C) area appeared 
with still different acidophilia. (x250, Hx & E.). 

 

 
Fig. (17): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DMSA + DDB.  Centrilobular areas (C) showed moderate PAS-reaction 
while the reaction is good at the perilobular areas (P).  (x200, PAS). 



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                        Elshennawy et al. 

 
239

 
Fig. (18A): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DMSA + Vit.E + DDB . Centrilobular areas are moderately regenerated with 
minimal amount of vacuolated hepatocytes (O) and nearly normal acidophilia. The 
endothelium (arrow) appeared regular and continuous. (x500, Hx & E.). 
 

 
Fig. (18B): Photomicrograph of a section in the liver of an arsenic-treated animal 
given DMSA + Vit.E + DDB . The portal vein (PV) endothelium is regular and 
continuous and surrounded with well regenerated hepatocytes while minimal 
amount of vacuolated (O) hepatocytes are seen near the centrilobular areas (x250, 
Hx & E.). 

       
Fig. (19 A&B): Photomicrograph of a section in the liver of an arsenic-treated 
animal given DMSA + Vit.E + DDB . Perilobular area (P) with highly positive 
PAS-reaction while the centrilobular areas (C) appeared with good positive reaction 
(x250, PAS). 
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DISCUSSION 

 
Arsenic, a double-edged weapon 

is a medicinal element and an 
industrial agent but unfortunately a 
homicidal poison and unintentional 
self-poison in contaminated drinking 
water(42,43,2). Arsenic toxicity may also 
come from E-waste (electronic 
disposal) resulted from disposal of 
computers, televisions, mobile phones 
and other electronic devices which 
can leach into the soil and 
groundwater or may come as an 
airborne toxin after being 
incinerated(44,45).  

Arsenic is classified as a definite 
-Group 1- human carcinogen with 
strong evidence of causation of skin, 
liver, lung and urinary bladder 
cancers(46,47,48,4,49,50,51,52,43,53). However, 
the highly toxic trivalent inorganic 
arsenic (As III) which may 
contaminate the ground water, is used 
at an adjusted dose in the treatment of 
several cancers including lymphomas 
and acute promyelocytic leukemias by 
inducing apoptosis and increasing 
lipid peroxidation of solid tumor cells 
via ROS-dependant 
mechanism(54,55,56,57). Arsenic, 
particularly the inorganic trivalent 
form (As III) causes a manifested 
toxic effects to the parenchymal cells 
of many organs especially the liver, 
lung, skin, urinary bladder and 
peripheral blood vessels that may lead 
to the dangerous black foot disease 
(BFD) and gangrene(1,3,4).  

It was observed that arsenic and 
mercury deliver a large host of 
external and internal eye signs of 
toxicity, hence the consideration of 
utilizing the liver and the eye as 

beneficial clinical biomarkers to 
measure heavy metals toxicity(58,59). 
Arsenic exerts its toxicity by binding 
to sulfhydryl groups on enzymes and 
other cellular proteins and also thru 
reactions with intracellular thiols(5,7,60). 
Reduced glutathione (GSH) stimulates 
the methylation of inorganic arsenic to 
monomethyl arsonic acid (MMA) and 
dimethylarsinic acid (DMA) and 
augments excretion of the latter, hence 
the decreased GSH and cytochrome P-
450 levels in the liver and the 
increased lipid peroxidation with 
arsenic toxicity(8,9,61,62). Arsenic 
toxicity is also exerted via increasing 
the production of ROS i.e. reactive 
oxygen species(63,64,65,57). These 
previous studies encouraged us to 
utilize a delicate study design and 
model to specifically define the role of 
two promising antioxidants with or 
without a chelating agent against 
arsenic-induced hepatotoxicity with 
the emphasis on histophysiological, 
histopathological and histochemical 
parameters.  

Arsenic toxicity whether acute, 
subacute or chronic produced 
accumulation of arsenic in the liver 
and kidney which lead to elevation of 
hepatic enzymes and histopathological 
changes in the form of inflammatory 
infiltration, steatosis and 
necrosis(66,67,68).  

In the present study, reduced 
glutathione (GSH) and glutathione 
peroxidase (GPx) were significantly 
depleted by arsenic administration 
while malondialdehyde (MDA), an 
end product of lipid peroxidation, was 
significantly elevated. This could be 
explained by the antioxidant effect of 
GSH and GPx bound to arsenic and 
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detoxified it. These results are in 
agreement with some previous 
studies(69,70,71,72,73) who concluded that 
arsenic increased lipid peroxidation 
and protein oxidation which both 
represent strong indices of oxidative 
stress. Glutathione depletion rendered 
the hepatocytes highly sensitive to cell 
death which was manifested in arsenic 
group II liver tissue. Glutathione, an 
antioxidant against lipid 
peroxidation(74,8,9) is present in lower 
concentration at the centrilobular area 
in comparison with the perilobular 
area(75). This rendered the 
centrilobular area less protected 
against toxins than the perilobular 
area which could explain the 
incidence of centrilobular necrosis 
with vacuolations, cell lyses and 
pyknotic, fragmented or lysed nuclei 
of hepatocytes. Some endothelial cells 
appeared slightly vacuolated, irregular 
with indistinct cell boundaries which 
could explain the dilation occurred in 
the blood sinusoids. This comes in 
accordance with some previous 
studies(71,67,64).  

This endothelial injury explains 
the complication that may come out of 
arsenic toxicity–especially the chronic 
form–causing the peripheral vascular 
black foot disease (BDF) which 
usually ends by gangrene(3,4).  
Centrilobular hepatocytes and to a 
lesser extent perilobular ones showed 
vacuolations and fatty infiltration 
which appeared similar to steatosis. 
This comes in harmony with some 
previous study(66). Steatosis is a 
common cellular response to toxic 
insult and is normally reversible while 
its prevelance in the liver is 
particularly common as this organ has 

a major role in lipid 
metabolism(76,77,78).  

The present study showed the 
arsenic-intoxicated hepatocytes with 
lightly stained cytoplasm, less density, 
decreased granulations and 
histochemically low glycogen content 
explored by Hematoxylin & Eosin 
stain and PAS-reaction. This could be 
explained by loss of ribosomes from 
rough endoplasmic reticulum (RER) 
and swelling of mitochondria with 
loss of their cristae as the high 
metabolic activity and rapid 
membrane transport of mitochondria 
may expose them as a target to heavy 
metal toxicity(79,75,80). Those authors 
concluded that the upset in the 
structure and inhibition of enzymes in 
mitochondria might reduce their 
capacity to provide energy for active 
transport in the liver and kidney 
exposed to arsenic toxicity. 

The observed focal inflammatory 
cell infiltration especially in the 
centrilobular areas comes in 
agreement with some other 
studies(67,68,81). Cytomegaly and 
karyomegaly seen among some 
arsenic-intoxicated hepatocytes could 
be explained by necrotic vacuolations 
that expand the cytoplasm. However, 
karyomegaly may be explained by 
perturbations in DNA synthesis 
accompanying chemical or toxic-
induced cellular proliferation. 
Furthermore, arsenic reduces DNA 
methylation and inhibits hepatic 
enzymes including glutathione 
reductase, thioredoxin reductase and 
methyl transferase responsible for its 
methylation, which may be an 
important contributor to 
carcinogenesis(82,83,84).  
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It was observed in the present 
study that arsenic-induced hepatocyte 
necrosis lead to release of liver 
enzymes into the blood stream which 
could be considered the main cause 
explaining the significant elevation of 
serum levels of ALT and AST. This 
comes in accordance with many 
previous studies(5,27,67,42,29,68,2,59).  

The administration of DMSA to 
arsenic-intoxicated animals expressed 
less necrotic parameters among the 
centrilobular areas with weak PAS-
reaction while the perilobular areas 
showed mild improvement of the 
affected hepatocytes with mild to 
moderate PAS-reaction. This group 
explored a significant decrease of the 
arsenic-induced elevations of ALT, 
AST and MDA which could be 
explained due to the seldom chelating 
action of the administered DMSA. 
However, DMSA did not show any 
significant effect on the depleted 
levels of GSH and GPx concluding 
that DMSA has no any antioxidant 
role against the produced ROS on 
arsenic exposure. The decreased level 
of MDA after the administration of 
DMSA to the arsenic animals does not 
reflect any antioxidant effect as long 
as there is no any significant effect of 
DMSA on the depleted levels of GSH 
and GPx.  This confirms the role of 
chelators in lowering the toxic effects 
of heavy metals to the extent of being 
used as antidotes in such cases in spite 
of their lacking an antioxidant role(28). 

Alpha-tocopherol (vitamin E) is 
the most important natural antioxidant 
working at membrane level(16). 
Vitamin E administration to arsenic 
group of animals revealed almost no 
effect among the centrilobular 
necrotic areas which explored a very 

weak PAS-reaction while the 
perilobular areas showed mild 
improvement of the affected 
hepatocytes with moderate PAS-
reaction. This indicates the protective 
effect of the antioxidant vitamin E (on 
the less affected perilobular areas) 
rather than a regenerative effect as 
manifested by non improvement of 
the heavily affected necrotic 
centrilobular areas. This group of 
animals showed a significant decrease 
of ALT and AST levels and a 
significant increase of GSH and GPx 
levels which comes in agreement with 
some previous studies(14,16,15). 
However, vitamin E did not show any 
significant change on the elevated 
level of MDA. This could be 
attributed to the moderate effect of 
vitamin E on preserving the 
antioxidants GSH and GPx to the 
extent of improving (i.e. decreasing) 
the arsenic-induced elevated levels of 
ALT and AST but not to the extent of 
full depletion of the elevated lipid 
peroxidation. This result is 
contradictory to some previous 
studies(85) who postulated that vitamin 
E did not have any effect in reducing 
hepatic lipid peroxidation.  

Combined administration of 
alpha-tocopherol (vitamin E) and 
DMSA to the arsenic group animals 
expressed mild improvement of the 
centrilobular hepatocytes with weak 
PAS-reaction while the perilobular 
areas showed moderate improvement 
of hepatocytes with moderate PAS-
reaction. This treatment manifested a 
significant improvement of all 
enzymatic parameters including MDA 
level confirming that vitamin E has a 
moderate antioxidant effect on lipid 
peroxidation and this effect becomes 
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almost full when combined with 
DMSA to the extent of improving the 
MDA parameter.  

It has been suggested  that the use 
of dimethyl diphenyl bicarboxylate 
(DDB) extracted from seeds of 
Schisandra chinesis endemite 
especially when used in combination 
with other herbs will increase the 
therapeutic  antioxidant effects during 
the treatment of many diseases of the 
liver, CVS and CNS as well as 
diabetes mellitus(26,23,24,25). In the 
present study, DDB administration to 
the arsenic animals expressed mild 
improvement in hepatocytes of both 
the centrilobular and perilobular areas 
while PAS-reaction was weak at the 
centrilobular areas and moderate 
among the perilobular areas. This 
indicates the better regenerative effect 
of DDB in comparison with vitamin E 
as manifested by their different effect 
on the centrilobular affected 
hepatocytes. This group showed a 
significant decrease of ALT, AST and 
MDA and a significant increase of 
GSH and GPx. These parameters were 
also significant among the arsenic 
animals treated with both DDB and 
DMSA with a particular better result 
as regard MDA when compared with 
arsenic animals received vitamin and 
DMSA indicating a better effective 
DDB than vitamin E in inhibiting lipid 
peroxidation. These results are in 
accordance with many previous 
reports(26,86,87,88). Ip et al. (1996) 
postulated that DDB may involve 
facilitation of both antioxidant and 
detoxification processes in the liver 
against heavy metals toxicity as 
indicated by the increased levels of 
GSH, GPx, glutathione reductase and 
glutathione S-transferase which 

confirms the role of DDB to inhibit 
lipid peroxidation. On the other hand, 
Ip et al. (2000) observed the role of 
DDB in decreasing the elevated levels 
of ALT and AST but not SDH 
(sorbitol dehydrogenase) induced by 
CCl4 intoxication, concluding that 
DDB had no role in the treatment of 
hepatic disorders. The results of the 
present study (14 days treatment) are 
contradictory to Ip et al (2000) as they 
analyzed the effect of a short therapy 
of DDB (3 days treatment) which was 
not enough to produce a 
hepatoprotective or detoxifying effect.  

Hubert and Blum (2004) 
suggested that DDB corrected the 
elevated level of ALT by its effect on 
synthesis and/or degradation of ALT 
in hepatocytes by an–as yet–unknown 
mechanism. 

The concomitant administration 
of vitamin E, DDB and DMSA to 
arsenic-intoxicated animals expressed 
a good regeneration of hepatocytes at 
the centrilobular areas with good 
positive PAS-reaction while the 
perilobular areas explored marked 
regeneration of hepatocytes with 
almost normal architecture and a 
highly positive PAS-reaction with 
normal granulation and density of the 
cytoplasm. This combination showed 
marked improvement of all enzymatic 
parameters with a significant decrease 
of ALT, AST and MDA levels and a 
significant increase of GSH and GPx 
levels. The parameters of this group 
showed no significant difference when 
compared with the control group 
except for MDA level which 
expressed a significant difference in 
spite of its marked depletion. This 
indicates that the hepatoprotective and 
regenerative effects of DDB and 
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vitamin E in combination with the 
chelator DMSA may almost reverse 
and recover the hepatotoxic effects of 
arsenic but with considering the MDA 
level as a measure of the degree of 
lipid peroxidation improvement and 
recovery deficit.  

The histopathological results 
were parallel with the histochemical 
and biophysiological ones  as the 
polysaccharides or glycogen 
metabolism will be affected 
accordingly with the structural 
changes that affect the mitochondrial, 
microsomal and GERL (Golgi-
Endoplasmic Reticulum-Lysosomes) 
systems of the cell(89,90,91). 

In conclusion, the data of the 
present study support the role of 
oxidative stress induced by arsenic 
toxicity which can be measured by the 
elevation of ALT, AST and MDA and 
the depletion of GSH and GPx levels 
in addition to the histopathological 
and histochemical degree of changes. 
This study explored the 
hepatoprotective and / or regenerative 
effect of two promising antioxidants 
(vitamin E or alpha-tocopherol and 
DDB) and their mutual cumulative 
influence against arsenic-induced 
hepatotoxicity especially when they 
are combined with a chelating agent 
such as DMSA. MDA level can be 
used as a good detector of the degree 
of lipid peroxidation as well as the 
degree of recovery deficit. Finally, the 
liver as regard histopathology and 
histochemistry is a very beneficial 
biomarker to measure the degree of 
heavy metals toxicity. 
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والحبة ) الألفا توكوفيرول(التقييم الھستوفيزيولوجى لأثر فيتامين ھاء 
على التسمم ) ثنائى الميثايل ثنائى الفينايل ثنائى الكاربوكسيلات(الصفراء 

  الزرنيخى للكبد فى ذكور الجرذان البيضاء البالغة
  

  محمد عبد المحسن ھاشم** –محمود عبدالحميد الغريب *  -أحمد توفيق الشناوى 
  جامعة المنيا –كلية الطب البشرى  –قسم الھستولوجى 

  جامعة طنطا –كلية الطب البشرى  –قسم الفيزيولوجى *  
  جامعة المنيا –كلية الطب البشرى  –قسم الطب الشرعى والسموم **

  
ة والسمية ، ومن  ة الطبي أجريت العديد من الأبحاث العلمية على مادة الزرنيخ من الناحي

دور المعروف أن ال د ال ى تحدي ذا البحث ال ا، ويھدف ھ دمير الخلاي زرنيخ يتسبب فى أكسدة وت
ة الصفراء  ى  –الوقائى والعلاجى لفيتامين ھاء والحب ى حدة أو بالاشتراك  –دى دى ب كل عل

ة  –دى ام اس ايه  –مع ترياق الزرنيخ  على التسمم الكبدى بالزرنيخ فى ذكور الجرذان البالغ
  .البيضاء

ى تسع مجموعات ، وقد أجريت ھ يمھا ال م تقس ة وخمسين جرذا، ت ى أربع ذه الدراسة عل
  :وكل مجموعة تشمل ستة جرذان على النحو التالى

 ى ة الأول رذان : المجموع ن الج م حق ابطة وت ى الض ى  ٢ھ ول ملح ن محل ل م م
  .فيزيولوجى فى الغشاء البريتونى ، مرتين اسبوعيا ولمدة اسبوعين

 كجم ، فى الغشاء /ميكرومول ٨٠ا بمادة الزرنيخ بجرعة تم حقنھ: المجموعة الثانية
 .البريتونى مرتين اسبوعيا ولمدة اسبوعين

 ة ة الثالث اق : المجموع ى تري افة ال الفة بالاض زرنيخ الس ة ال نفس جرع ا ب م حقنھ ت
زرنيخ  ه( ال ة ) دى ام اس اي م ٥٠بجرع دة /مج ا ولم م يومي ق الف ن طري م ع كج
 .اسبوعين

 اء  تم: المجموعة الرابعة امين ھ ى فيت حقنھا بنفس جرعة الزرنيخ السالفة بالاضافة ال
 .كجم عن طريق الفم يوميا ولمدة اسبوعين/مجم ١٠٠بجرعة 

 ة ة الخامس ى مركب : المجموع الفة بالاضافة ال زرنيخ الس ة ال نفس جرع ا ب م حقنھ ت
ة الصفراء  ى(الحب م ١٥٠بجرعة ) دى دى ب دة /مج ا ولم م يومي ق الف م عن طري كج

 .سبوعينا
 اء : المجموعة السادسة تم حقنھا بنفس جرعة الزرنيخ السالفة بالاضافة الى فيتامين ھ

 .بنفس الجرعات السالفة الذكر ولمدة اسبوعين) دى دى بى(ومركب الحبة الصفراء 
 ابعة ة الس اق : المجموع ى تري افة ال الفة بالاض زرنيخ الس ة ال نفس جرع ا ب م حقنھ ت

زرنيخ  ه(ال دة و ) دى ام اس اي ذكر ولم الفة ال ات الس نفس الجرع اء ب امين ھ فيت
 .اسبوعين

 ة ة الثامن اق : المجموع ى تري افة ال الفة بالاض زرنيخ الس ة ال نفس جرع ا ب م حقنھ ت
زرنيخ  ه(ال فراء ) دى ام اس اي ة الص ب الحب ى(ومرك ات ) دى دى ب نفس الجرع ب

 .السالفة الذكر ولمدة اسبوعين



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                        Elshennawy et al. 

 
252

 عة ة التاس نفس جر: المجموع ا ب م حقنھ اق ت ى تري افة ال الفة بالاض زرنيخ الس ة ال ع
ة الصفراء ) دى ام اس ايه(الزرنيخ  اء ومركب الحب ى(وفيتامين ھ نفس ) دى دى ب ب

 .الجرعات السالفة الذكر ولمدة اسبوعين
وفى اليوم الخامس عشر تم تخدير الجرذان وسحب عينات من الدم لقياس بعض 

استئصال الكبد وقياس انزيمات المواد انزيمات وظائف الكبد ، وبعد قتل الجرذان تم 
المؤكسدة فى مستعلق نسيج الكبدالمتجانس ، ثم تجھيز عينات الكبد وتقطيعھا وصبغھا 

  .الھستوباثولوجى والھستوكيميائى للفحص
ا  ا تقري ة الصفراء لھم اء ومركب الحب وقد أوضحت نتائج ھذه الدراسة أن فيتامين ھ

ائى والعلاجى المضاد دور الوق دة نفس ال ى  للأكس ة الصفراء عل وق مركب الحب ع تف م
ائج باضافة  د ظھرت أفضل النت فيتامين ھاء بخصوص عملية أكسدة المواد الشحمية، وق

للعلاج بفيتامين ھاء أو الحبة الصفراء أو كليھما معا، مما ) دى ام اس ايه(ترياق الزرنيخ 
 .  أظھر أيضا تحسنا كبيرا لنسيج الكبد بالفحص الھستولوجى

 


