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Abstract

Alcoholic hepatotoxicity is a worldwide major cause of death. The objectives of the present study are to evaluate 
qualitatively as well as to a less extent quantitatively the protective effects of zinc on acute alcoholic hepatotoxicity. 
Forty five adult male albino rats were equally divided into three groups. Group I, the ‘control’ one while group 
II, ‘ethanol-treated’ was received ethanol with a total accumulative dosage of 15 g/kg/36 hours (10 g/kg/day) by 
three equally divided gavages of 5 g/kg/12 hours each, to simulate acute alcohol intoxication or quadruple binge-
drinking among humans. Group III, ‘zinc/ethanol-treated’ was received an intraperitoneal injection of zinc sulfate 
as 5 mg/kg/day for three days before ethanol administration. Qualitative histological and histochemical parameters 
were undertaken by using hematoxylin and eosin, iron hematoxylin, periodic acid-Schiff and detectors for the 
activity of succinic dehydrogenase and ATPase. Also some quantitative morphometric parameters were utilized. 
Ethanol-treated animals showed loss of normal architecture of hepatic lobules, high cellular degeneration and 
fatty changes, increased apoptosis, marked mitochondrial affection, inflammatory infiltration in portal space and 
sinusoids, depletion of glycogen content and decrease in the activity of succinic dehydrogenase and ATPase. Zinc-
treated animals showed ameliorative changes as mild cellular degeneration, proportionally less apoptosis, mild 
mitochondrial affection, almost no inflammatory infiltration, mild decrease of glycogen content and mild decrease of 
succinic dehydrogenase activity while ATPase activity was rendered normal. These results conclude that Zinc is an 
essential hepatoprotective agent against alcoholic hepatotoxicity. Zinc is qualified to be the first essential and the 
modest trace element in the map of prophylaxis and management of liver diseases. Finally, the classical histological, 
histochemical and morphometric techniques are fair enough to explore the big picture of these effects.
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Abbreviations 
SDH: Succinic Dehydrogenase; ATPase: Adenosine Triphosphatase; 

PAS: Periodic Acid-Schiff; Hx&E: Hematoxylin & Eosin; Iron-Hx: Iron 
Hematoxylin

Introduction
Alcohol abuse and alcoholism are major worldwide health 

problems since ancient times and first coined medically at 1852 A.C. 
by Magnus Huss - Swedish professor of medicine - till recorded as the 
fourth most common cause of death among adults of USA at 1983 [1-
5]. World Health Organization (WHO) reported at least 140 million 
alcoholics in the world, most of them are not treated and the statistics of 
National Health Services (NHS) of UK and National Institute of Health 
(NIH) of USA reported that alcoholics represented about 7.7% and 15% 
of the population of each country respectively [6]. The total alcohol-
attributable deaths (AAD) from the years 2006 to 2010 was about 88000/
year representing 9.8% of all deaths in the USA which expensed more 
than 223.5 billion dollars in the year 2006 alone due to the consequences 
of excessive alcohol drinking. The most common cause of chronic AAD 
was alcoholic liver diseases while the most common cause of acute AAD 
was motor-vehicle traffic crashes among alcoholics [7]. Alcohol affects 
many systems and organs particularly the liver and gonads by inducing 
apoptosis, accumulating reactive oxygen species (ROS), DNA oxidation 
and lipid peroxidation of cell membranes and their proteins [8,9]. Zinc 
importance comes the second after iron among essential trace metals. It 
is directly or indirectly involved in the action of >300 known enzymes 
and >1000 transcription factors. Its indirect antioxidant effects come 
through sulfhydryl stabilization and its ability to antagonize the redox-
active transition metals (e.g. iron and copper), and so reducing the 

formation of OH from H2O2 and O2¯ [10,11]. Zinc is essential for amino 
acid-nitrogen metabolism, and as a constituent of the antioxidant 
superoxide dismutase (SOD) being essential for maintaining blood level 
and absorption of vitamin E which is considered as the most important 
natural antioxidant against lipid peroxidation and defending against 
many degenerative diseases [12,13]. Zinc is a cytoprotective element as 
had been reported six decades ago [14], making the cell more resistant 
and less vulnerable to apoptotic induction agents. It stabilizes and 
protects macromolecules (e.g. proteins, DNA and microtubules) from 
oxidation and proteolysis through inhibiting caspases and interfering 
the activation of endonucleases [15,16]. Zinc is a second messenger of 
immune cells and being very useful in reducing infection among the 
elderly, in the management of Wilson’s disease, pediatric acute diarrhea, 
the common cold and in the prevention of macular degeneration-
related blindness. Zinc is needed at a daily amount between 2 mg for 
newborn and increasing with growth to be 12 mg (upper limit is 40 mg/
day) for adults and being available in rich amount among oysters, red 
meat, poultry and sea food (e.g. crab and lobsters) and to a moderate 
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amount in beans, nuts, whole grains, dairy products and fortified cereals 
[17]. The aim of the present study is to evaluate the protective effects of 
zinc against acute alcoholic hepatotoxicity as regard histopathological 
and histochemical parameters.

Material and Methods
Animals and dosage design

Forty five adult male Sprague-Dawley albino rats aged nine weeks 
and weighing 200-250 grams were equally divided into three groups 
i.e. 15/group. Rats were maintained under standard lab conditions with 
chow and water ad libitum at the animal house, Faculty of Medicine, 
El-Minya University, with the ethical and technical considerations of 
animal rights and concerns. Group I was ‘control’ and received an oral 
isocaloric maltose solution. Group II was ‘ethanol-treated’ and received 
ethanol with a total accumulative dosage of 15 g/kg/36 hours (10 g/
kg/day) by three equally divided gavages (first dose at 8 am) of 5 g/
kg/12 hours each, to produce acute alcohol intoxication. Also, this 
dose was designed to simulate binge-drinking among humans that 
was experimented through a mice model of binge drinking by two 
previous studies [18,19] who utilized 4 doses of 1.5 g/kg with a total 
accumulative dose of 6 g/kg body weight with a minor modification 
by utilizing a higher dose (10 g/kg/day). This rat model was designed 
to produce acute alcohol intoxication by making its dosage (5 g/kg) to 
exceed 4 times the binge drinking (1.22 g/kg at single occasion) and 19 
times the regular daily dose of an alcoholic human (0.52 g/kg/day) that 
equals 15 or more drinks/week or often 5 or more drinks at a time. One 
standard drink equals 12 ounce bottle of beer (5% alcohol) or 5 ounce 
glass of wine (12% alcohol) or 1.5 ounce shot of liquor (40% alcohol) 
[20]. Group III was ‘zinc/ethanol-treated’ and received a single daily 
intraperitoneal injection of zinc sulfate solution (dissolved in sterile 
distilled H2O) as 5 mg/kg/day (at 7 am) for three days, where the last 
third dose was one hour (at 7 am) before the first dose of ethanol (at 8 
am). Zinc was given intraperitonealy to ensure its full absorption and 
action while the three days therapy was to ensure harmonization of zinc 
at a higher level in the body. Zinc dosage (5 mg/kg/day) was designed 
to be higher than the upper daily limit among adult humans which is 
0.57- 0.67 mg/kg/day (40 mg/day) [17]. This higher dose of zinc is to 
overcome the acute ethanol hepatotoxicity, but still far away from zinc 
acute toxic dose - LD50 - (~100 mg/kg) and the chronic toxicosis dose 
(>2,000 ppm) that have been recently reported by Merck Manuals [21]. 
Four hours following the last treating dose, rats were rapidly sacrificed 
by ether overdose. Zinc sulfate and all chemicals utilized in the present 
study were products of Sigma Chemical Company (St. Louis, MO, 
USA).

Histochemical and histopathological preparations 

Some liver biopsies were rapidly extracted, frozen at -15°C in 
cryostat and 10 um thick sectioned then incubated in equal volumes 
of 0.2 M phosphate buffer with 0.2 M sodium succinate to be mixed 
with equal volume of nitroblue tetrazolium in distilled water solution 
(1 mg/1 ml) for 10-20 minutes at 37°C for histochemical configuration 
of succinic dehydrogenase (SDH). For ATP ase activity detection, 
fresh cryostat sections were incubated for 10-60 minutes in lead 
nitrate substrate medium (0.125% disodium ATP, pH 7.2 buffer, 2% 
lead nitrate, 2.5% magnesium nitrate and distilled water). Other liver 
biopsies were fixed in 10% buffered formal saline, dehydrated in 
ascending grades of ethanol, cleared in xylene, infiltrated-impregnated 
in soft paraffin at 50°C and embedded in paraplast paraffin wax. Solid 
paraffin blocks were cut into 5 um thick sections by rotator microtome 
and then mounted on glass slides covered by albumin glycerin. Staining 

by hematoxylin and eosin was utilized to explore histological structure 
and apoptotic changes among hepatocytes. Iron-hematoxylin stain was 
utilized to explore mitochondria by adding equal amounts of solution A 
(one gram of hematoxylin to 100 ml distilled water) with solution B (4 
ml of 30% aqueous ferric chloride to 1 ml of concentrated hydrochloric 
acid then added to 95 ml of distilled water) then stain sections for 5-15 
minutes. Periodic acid - Schiff (PAS) to detect glycogen content was 
used by bringing sections to water then oxidize for 5 minutes in 1% 
aqueous periodic acid, washed in tap water and rinsed in distilled water 
then placed in Schiff ’s reagent for 10-20 minutes and finally counter 
stained with hematoxylin [22,23].

Multiple histological and histochemical stains were utilized to 
ensure reliability of these techniques in explaining the parallel results 
whether confirmatory or contradictory. 

Morphometric and statistical survey

Morphometric survey was done through counting 10 fields/
rat biopsy to detect the ratio between apoptotic cells to the total cell 
number among all the three groups. The statistical data was analyzed 
for the mean, standard deviation (SD), range and variance of multiple 
group comparisons by using One-Way ANOVA (IBM® SPSS® Statistics, 
Version 22). Significance was set at P<0.05 level.

Results

Group Apoptotic
Cell Ratio P-value

I  Control
Range  2%

Variance 0.267
Mean ± SD 1.133% ± 0.516

II  Ethanol
Range 4%

Variance 1.552
Mean ± SD 8.467% ± 1.246 <0.001*

III  Zn/Ethanol
Range 1%

Variance 0.114
Mean ± SD 2.9% ± 0.338 <0.001*♦

P<0.05 is significant  
P<0.001 is highly significant
*Studied group versus control                        
♦Studied group versus ethanol-treated group

Table 1: Apoptotic cell ratio (Mean ± SD) among the 3 experimental groups

*Studied group versus control
♦Studied group versus ethanol-treated group
Figure 1: Percentage ratio (%) of apoptotic cells (Mean ± SD) among 
the 3 groups
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Morphometric results were represented in Table 1 as the ratio of 
apoptotic cells among ethanol-treated group was highly significant 
when compared to that of control group. This ratio showed marked and 
significant decrease among zinc/ethanol-treated group when compared 
to ethanol-treated group but still significantly higher than that of the 
control group at value of P<0.001.

In Figure 1, a chart declared the high increase of the apoptotic 
cell ratio due to ethanol treatment (Group II) and the marked decline 
of this ratio due to zinc supplementation (Group III) before ethanol 
administration; however zinc-treated group was still higher than the 
normal ratio of the control group.

Morphological histology of the control liver tissues using 
hematoxylin and eosin stain showed normal hepatic stroma and 
parenchyma. It also showed radial- arranged cords of hepatocytes 
with eosinophilic cytoplasm, rounded vesicular nuclei and prominent 
nucleoli while the blood sinusoids, central vein and portal tract contents 
appeared normal with intact endothelium for blood or lymph vessels 
and intact epithelium for bile ducts (Figure 2A and 2B) as being studied 
in different Histology Texts [24,25].

Ethanol-treated animals showed disturbed architecture of 
the hepatic plates with many enlarged (cytomegaly) vacuolated 
degenerating cells having indistinct boundaries and pale cytoplasm 
with fatty changes (steatosis) and collections of eosinophilic alcoholic 
hyaline Mallory bodies. Blood sinusoids were not apparent between the 
vacuolated hepatocytes and the disfigured architecture. Apoptotic cell 
number was increased showing shrinkage, hypereosinophilic cytoplasm 
and pyknotic (condensed chromatin) or fragmented (karyorrhexis) 
nuclei. Portal tracts were infiltrated with many inflammatory cells 
(Figure 3).

Zinc/Ethanol-treated rats showed less affected hepatic tissue 
architecture and almost no inflammatory cells infiltration. Hepatocytes 
appeared with distinct boundaries, moderate amount of vacuoles, mild 
cytomegaly and almost normal cytoplasmic acidophilia. Apoptotic cells 
were minimally increased while alcoholic Mallory bodies were almost 
absent among minimal degenerating hepatocytes (Figure 4).

Iron-hematoxylin stain for control liver sections showed 
mitochondria as dark brownish black granules in fair amounts and 
regular distributions intracellularly. The centrilobular area that contacts 
the central vein (Zone 3 of hepatic acinus) [25] showed less affinity 
than the next area (Zone 2; midway towards portal tract) (Figure 5A). 
Ethanol-treated rats showed moderate mitochondrial reaction with 
faint granular staining (Figure 5B). Zinc/Ethanol-treated rats showed 
good mitochondrial staining as dark brownish black granules with mild 
affection (Figure 5C).

Histochemical periodic-acid and Schiff reagent (PAS) showed a 
very strong reaction among control liver sections (Figure 6A) while 
the ethanol-treated rats showed weak reaction (Figure 6B) with great 
depletion of glycogen content among this group. Zinc/Ethanol-treated 

Figure 2: A and B Control group liver sections micrographs. Normal 
architecture with normal hepatocytes cords around central veins (C) and 
sinusoids (S). Intact normal endothelium (arrowhead) appeared lining 
central veins, sinusoids and branches of portal vein (V) and hepatic artery 
(a), and the bile duct (d) showed intact and regular epithelium. Hepatocytes 
appeared with eosinophilic cytoplasm, vesicular nuclei and prominent 
nucleoli while some hepatocytes appeared binucleated (white arrow). 
(100X for Figure A and 1000X - oil immersion - for Figure B, Hx& E).

Figure 3: A and B Photomicrographs of ethanol-treated liver sections 
showed disturbed architecture of hepatocytes plates around central vein (C) 
and portal tract (P) which showed inflammatory cells infiltration (transparent 
arrow) encroaching portal vein (v). Degenerating hepatocytes showed 
cytomegaly, fatty changes and vacuoles (u) while apoptotic cells were 
numerous and shrunken (dark arrows) with pyknotic nuclei. (400X, Hx&E).

Figure 3: C and D Photomicrographs of ethanol-treated liver sections showed 
degenerating hepatocytes with fatty changes vacuoles (u) and eosinophilic 
alcoholic hyaline Mallory bodies (arrowheads) which appeared condensed with 
basophilic disintegrating cytoplasmic content (double arrowheads) in some 
other cells. Hepatic blood sinusoids were not apparent between the vacuolated 
hepatocytes and the disfigured architecture.  Apoptotic cells were shrunken 
and numerous (arrows) with pyknosis and karyorrhexis of nuclei (double 
arrows). (1000X, oil immersion, Hx&E).

Figure 4: A and B Zinc/Ethanol-treated liver sections micrographs showed 
normal architecture, no inflammatory cells infiltration and intact endothelium 
among central veins (C) and sinusoids (S). Hepatocytes with normal 
eosinophilia, clear cell boundaries, moderate fatty changes or vacuolations 
(u) and almost no alcoholic Mallory. 
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animals showed moderate-strong reaction (Figure 6C) that still less 
than that of the control group.

Histochemical ATPase activity was strong-positive among control 
group hepatocytes both in the cytoplasm and the nuclei in the form of 

dark brown fine granules (Figure 7A). Ethanol-treated rats showed weak 
ATPase activity among the cytoplasm especially in the centrilobular 
areas around the central veins (Figure 7B). Zinc/Ethanol-treated rats 
showed strong-positive activity (Figure 7C) which was almost of the 
same degree of the control rats.

Histochemical succinic dehydrogenase (SDH) activity gave strong-
positive reaction with control liver sections in the form of purple-violet 
difromazan granules especially among mitochondria while the nuclei 
were negative with no stain (Figure 8A). Ethanol-treated rats showed 
weak SDH activity especially around the central veins (C) where the 
cytoplasm was homogeneously purple without difromazan granules 
(Figure 8B). Zinc/Ethanol-treated animals showed moderate-strong 
SDH activity with prominent difromazan granules (Figure 8C).

Discussion
Alcohol abuse and alcoholism are major international issues to 

evaluate and re-evaluate their massive effects as regard prevention, 
prophylaxis, palliation, remedy and management at all levels of social, 
economical, political, environmental and medical sciences ever known 
[2,3,7,9]. The present study passed through many qualitative and some 
quantitative parameters to assess and re-evaluate many previous studies 
about the dramatic acute effects of alcohol on the biggest and highest 
metabolically active gland; the liver, and the fascinating effects of zinc; 
one of the most essential trace elements of human body even before its 
confirmed essentiality at 1963 [5,9,11,13,26,27].

Statistical analysis of the present study showed that acute alcohol 
administration caused significant wide spread hepatocytic apoptosis 
which was in agreement with some previous studies [19,28-31]. Some 
studies postulated that acute ethanol intake induces apoptosis through 
caspase-3 activation pathway mediated by Fas/Fas L (CD95 L) system 
signaling [19,32-35] which came in harmony with apoptosis pathways 
suggested by other previous authors. In addition to increased apoptosis, 
hematoxylin and eosin staining showed portal tract inflammatory cells 
infiltration and disturbed architecture of the hepatic plates and many 
enlarged (cytomegaly) vacuolated degenerating cells with fatty changes 
(steatosis) and collections of eosinophilic alcoholic hyaline Mallory 
bodies. This was in agreement with Kawahara et al. [36] who suggested 
that apoptosis is considered to eliminate hepatocytes containing 
Mallory bodies while Chomette et al. [37] considered that these changes 
may initiate autoimmune responses. 

Fatty changes (steatosis) and accumulation of lipid among 
hepatocytes due to ethanol intake was recorded also by previous studies 
[31,38] and explained by Garcia-Villafranca et al. [39] who postulated 
that ethanol induces a desensitization of cGMP-mediated regulation 
of fatty acids metabolism and leads to triacylglycerol accumulation. 
Alcoholic micro vesicular steatosis and necrosis of hepatocytes were 
also explained by Lambert et al. [28] who suggested that ethanol 
increases intestinal permeability to endotoxins which stimulate Kupffer 
cells to release TNF-α (tumor necrotic factor-alpha) which has direct 
toxic effects on hepatic parenchyma.

With iron-hematoxylin stain, mitochondria showed moderate 
depletion of affinity among ethanol-treated liver sections with 
cytomegalic degenerating cells especially the centrilobular - perivenous 
- areas. These results were parallel to some previous studies [6,37,40] 
who recorded mitochondrial swelling (megamitochondria), variant 
sizes and shapes with reduced or absent cristae. This was explained by 
some authors [41,42] who attributed these effects to alcoholic oxidative 
stress and accumulation of reactive oxygen species (ROS) which 

Figure 5: Photomicrographs of Iron-Hx. stained liver sections showed 
A: control group with normal intracellular mitochondrial content and 
distribution, B: ethanol-treated rats showed moderate depletion of 
mitochondrial content, and C: zinc/ethanol-treated rats explored mild 
mitochondrial affection.  Higher mitochondrial affinity was apparent in zone 
2 (transparent arrows) than that in the centrilobular zone 3 (dark arrows) 
around the central vein (C) in the three animal groups. Blood sinusoids (S) 
were not apparent in ethanol-treated rats. (X400, Iron-Hx).

Figure 6: Photomicrographs of PAS-reacted liver sections showed A: control 
group with very strong normal reaction, B: ethanol-treated rats with weak 
reaction, and C: zinc/ethanol-treated rats with moderate-strong reaction 
indicating the cytoplasmic glycogen content among the three groups. C 
indicates central vein. (400X, PAS).

Figure 7: Photomicrographs of ATPase reacted liver sections showed A: 
control group with strong-positive activity, B: ethanol-treated group with 
weak positive activity especially the centrilobular area (C) while zone 2 
showed mild-moderate activity (arrow), and C: Zinc/Ethanol-treated rats 
appeared almost normal with strong-positive activity. (400X, ATPase).

Figure 8: Photomicrographs of SDH reacted liver sections showed A: control 
group with strong-positive activity in the form of purple-violet difromazan 
granules, B: ethanol-treated rats with weak positive activity especially 
around central veins (C) while zone 2 showed mild activity (granules), and 
C: Zinc/Ethanol-treated rats with moderate-strong SDH activity while some 
centrilobular cells appeared  negative (arrows) with homogeneously purple 
cytoplasm that had no SDH granules. (400X, SDH).
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cause oxidative damage to mitochondrial proteins, mitochondrial 
DNA (mtDNA) and phospholipids of cell membranes. Accumulation 
of ROS due to alcohol may also explain the lower stain affinity of the 
perivenous - centrilobular - areas even among the control group with 
proportional differences with the other two groups when compared 
with the periportal which has better nourishment and oxygenation and 
less metabolic waste load.

Histochemical survey of the ethanol-treated liver sections by PAS 
reaction showed marked depletion of glycogen content which was in 
accordance with some previous studies [9,43] who postulated that this 
is mainly due to zinc depletion after ethanol intake. However, glycogen 
depletion may also be rendered to the aforementioned ethanol-mediated 
oxidative stress that delays glycogenesis and glycogenolysis as well as 
mitochondrial function. This was also clear with histoenzymological 
survey through histochemical ATPase and SDH tests which showed 
marked decrease of these two enzymes activity among ethanol-treated 
group especially in the centrilobular - perivenous - areas. The marked 
decrease of the activity of these two enzymes came in accordance with 
some previous studies [28,37,44] who suggested an ethanol-mediated 
failure of metabolic pathways especially ATP production. Furthermore, 
some previous authors [45] reported that the primary target of ethanol-
induced ROS attack is the cellular proteins which may affect metabolic 
key enzymes. Fucci et al. [46] counted 10 key role enzymes especially 
those of nitrogen metabolism as glutathione synthetase (GS) which is 
localized exclusively in the perivenous (centrilobular) areas of hepatic 
lobules among the intragastric ethanol-fed animal model [47,48].

Perivenous (centrilobular) affection as regard ATPase and SDH 
was more apparent than that among PAS reaction. This could be 
explained by the use of the present study an acute short-term model 
of alcoholism that made a rapid affection of enzymatic activity when 
compared with glycogen storage and metabolism which require longer 
time to be apparent among different zones of hepatic lobule or acinus. 
This explanation was suit with the postulate of Zhou et al. [19] who 
noticed that chronic alcoholism causes more morphological affection 
(as apoptosis and glycogen storage) than acute alcoholism could cause. 
On the other hand, Lambert et al. [28] found that acute alcoholism 
affects apoptosis primarily in the perivenous -centrilobular- areas 
which can be considered as regard apoptosis while glycogen storage 
affection requires chronic ethanol intake to show apparent differences 
as regard all zones of the hepatic acinus [26].

Zinc pretreated alcoholic rats of the present study showed 
significant lower number of apoptotic cells which was fit with some 
previous studies [28,49,50] who explained the cytoprotective effects 
of zinc as it abrogates or down regulates Fas/FasL-mediated caspase-8 
activation and the subsequent cleavage of pro-caspase-3 to caspase-3, 
so prevents or diminishes ethanol-induced caspase-3 activation. In 
addition, zinc suppresses necrosis through inhibiting lipid peroxidation 
and the oxidative stress process as being discussed before by some 
authors [51-56].

However, another study [57] found that zinc accumulation is 
diminished early in the course of prostate malignancy and it inhibits the 
growth of several carcinoma cells through induction of cell cycle arrest 
and apoptosis by modulating the expression of IGF system components 
and its signaling molecules. This may look contradictory to the present 
study as regard zinc suppression to the increase of ethanol-induced 
apoptosis, which could be explained by the distinction of zinc reaction 
towards growth factors of cancer cell rather than its reaction to the 
cytotoxic agents as ethanol. This also might be explained according to 
the ethanol-induced metabolic failure especially to ATP production 

which directs the switch in pathway to apoptosis or necrosis as reported 
by a previous study [58]. Furthermore, the results of the present study 
were parallel to some previous authors who studied apoptosis and the 
protective effects of zinc against forebrain ischemia [59], sporidesmin-
induced apoptosis in macrophages and T lymphoblasts [60], cadmium-
induced hepatotoxicity and nephrotoxicity [61] and even against 
radiation lethality in mice [62].

Zinc/Ethanol-treated rats of the present study showed minor fatty 
changes (steatosis), degenerative changes and necrosis of hepatocytes 
when compared with ethanol-treated hepatocytes. These results were 
concordant with some authors [9,28,63] who postulated that zinc 
protects and stabilizes macromolecules (e.g. proteins, microtubules, 
DNA) and subcellular organelles’ membranes from oxidation and 
proteolysis. So, zinc suppressed ethanol-induced lipid peroxidation 
and glutathione depletion and reversed the ethanol-induced cGMP 
desensitization in fatty acid metabolism to prevent triacylglycerol 
accumulation which was discussed before by some authors [39,41,54,56] 
who mainly attributed this to accumulation of reactive oxygen species 
resulted from ethanol-induced oxidative stress. This came in harmony 
with some previous authors [28,64] who explained the markedly 
decreased incidence of degenerating-necrotic cells, apoptotic cells and 
inflammatory cells infiltration among zinc pretreated alcoholic group, 
by zinc preservation to intestinal barrier against endotoxins and in turn 
prevents their interaction with Kupffer cells to produce TNF-α which 
is responsible for stimulation of degeneration-necrosis, apoptosis 
and inflammation. Furthermore, this could come in agreement with 
Caballerίa et al. [65] who postulated that zinc increases gastric alcohol 
dehydrogenase activity thereby increases first pass alcohol metabolism 
and so minimizing the hepatic alcohol load.

Histochemical survey of zinc/ethanol-treated liver sections by PAS 
reaction in the present study showed fair amount of glycogen content, 
while the histoenzymological survey of ATPase and SDH tests showed 
moderate to strong activity of these two enzymes which came in 
accordance with some previous studies [9,43,66]. This was explained 
by the guarding role of zinc against the ethanol-induced mechanisms 
discussed by some previous authors [28,37,44] who suggested an 
ethanol-mediated failure of metabolic pathways especially ATP 
production. However, glycogen content amelioration might also be 
attributed to zinc protection against ethanol-mediated oxidative stress 
which delays glycogenesis and glycogenolysis as well as mitochondrial 
function detected in the present study by iron-hematoxylin test and 
recorded before by some previous studies [9,28,40,42].

Hepatic sections architecture was disfigured and blood sinusoids 
were not apparent among ethanol-treated group which could be 
explained by cytomegaly, steatosis (fatty changes) and vacuolations of 
degenerating hepatocytes and increased number of apoptotic cells that 
might be collectively attributed as an acute ethanol parenchymal injury. 
Also, this could be explained according to one previous report [67] who 
claimed that alcohol would induce the release of bacterial endototxin 
from gut which might cause inflammatory cells infiltration which would 
compress the sinusoids, while alcohol induced release of endothelins 
from sinusoidal endothelium would diminish sinusoidal lumen by the 
vasoconstrictive effect on perisinusoidal stellate cells. Additionally, the 
stroma was presumably injured as what had been inferred before by 
Dashti et al. [66] that zinc supplementation to cirrhotic liver leads to 
decrease in fibrin, reticulin and collagen and concluded that zinc is 
needed not only to protect against acute ethanol injury but also to treat 
even late stages of alcoholic liver injury as fibrosis and cirrhosis.

The present study utilized male rats only i.e. of the same gender, to 
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avoid the sex difference that was established as regard alcohol-related 
organ injury and studied before by many authors as Sato et al. [68]. The 
present study utilized zinc pretreatment as an intraperitoneal injection 
and not oral route, to avoid zinc absorption depletion by ethanol which 
was recorded before by some previous authors [17,69], in addition to 
the ethanol-induced increase of intestinal permeability to endotoxins 
that would interfere with zinc absorption [28]. Ethanol was given as 
an acute intake by gavage at a dose of 5 g/kg/12 hours for 3 doses, 
which was toxic by exceeding the ethanol intake among human heavy 
(excessive) drinkers who utilized more than the limit of an alcoholic 
(0.52 g/kg/day) as had been recently defined by U.S. National Institute 
of Health (NIH) [20]. The ethanol dose of the present study was 5 g/
kg/12 hours i.e. equivalent to 10 g/kg/day and considered similar to oral 
median lethal dose [LD50] (9.9 g/kg) of ethanol administration utilized 
before by a previous study among mice [70] and about 1.1 - 1.4 times 
the oral LD50 among rats (7–9 g/kg) [71,72] to produce acute alcohol 
intoxication. The acute alcohol intoxication model of the present study 
was parallel to some previous studies among humans [73,74]. 

In the present study zinc dosage was 5 mg/kg/day for three days 
before ethanol administration which was parallel to the effective anti-
lethal dose measured by some previous studies [70,75] which utilized 15 
mg/kg once intraperitonealy 60 minutes before ethanol administration 
and they considered this procedure would offer maximum protection 
against the lethal effect of acute ethanol intake. On the other hand, 
our experimental design was contradictory to one recent study [76] 
who administered the antioxidant agent (Propolis) orally one hour 
after the administration of the toxic agent (Fenvalerate; A Pyrethroid 
Insecticide) which resulted in ameliorative effects in the aforementioned 
study rather than the protective effects seen in the present study and 
other similar studies [17,69,70,75] where the antioxidant (Zinc) was 
administered through intraperitoneal route before the administration 
of the toxic agent (Ethanol). Furthermore, the present study avoided 
zinc overdosage which was reported by some previous studies as 
[77,78] where zinc overdose was 5-10 ppm water for experimental fish 
and 19 mg/kg body weight for experimental rats and caused severe 
degeneration, hemorrhage and necrosis in seminiferous tubules and 
fibrosis in the interstitial tissue. Lastly, the utilized dose of zinc in the 
present study (5 mg/kg/day) was very far away from the acute toxic 
dose-LD50-(~100 mg/kg. ) and the chronic toxicosis dose (>2,000 ppm) 
that have been recently reported by Merck Manuals [21]. However, 
more studies are needed to determine the adequate zinc dosage alone 
or with other elements that fully protect against or even cure alcoholic 
hepatotoxicity with consideration of electron microscopic survey, 
immunohistochemical (as TUNEL) techniques and hepatic functions 
enzymes with biochemical markers. 

In conclusion, the data of the present study support the role 
of ethanol-induced oxidative stress in explaining hepatotoxicity 
mechanisms that could be measured by histopathological and the 
parallel histochemical parameters as well as the role of zinc as an 
essential element and antioxidant to protect, ameliorate, modulate 
and even reverse these toxic effects. A dose of 10 g/kg/day oral ethanol 
which almost equals LD50 is fair enough to produce acute alcoholic 
hepatotoxicity among rats and being equivalent to 4 times of repetitive 
binge-drinking (1.22 g/kg/occasion) during 12 hours among humans. 
Furthermore, apoptosis whether being a product or a guard against 
toxicity, it is a good detector for the degree of toxicity as well as recovery. 
Amazingly, the liver is a unique and comprehensive biomarker to study 
the degree of ethanol toxicity as well as the protective and/or recovery 
measures. Zinc is qualified to be the first essential and the modest trace 

element in the map of prophylaxis and management of liver diseases. 
Finally, the classical histological, histochemical and morphometric 
techniques are fair enough to explore the big picture of these effects.
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