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Abstract
Around the world more and more people suffer from alcoholism. Addiction problems, alcoholism and excessive use of drugs both 
medical and nonmedical, are major causes of liver and kidney damage in adults . The purpose of this study was to investigate on the 
protective role of zinc sulphate on liver and kidney in rats with acute alcoholism. Wistar albino rats were divided into four groups. 
Group I; control group,  groupII; given only Zinc Sulphate (100 mg/kg/day for 3days), group III; rats given absolute ethanol (1 
ml of absolute ethanol administrated by gavage technique to each rat),group IV given Zinc sulphate prior to the administration 
of absolute ethanol. The results of this study revealed that acute ethanol exposure caused degenerative morphological changes 
in the liver and kidney. Signiýcant difference were found in the levels of serum, liver, kidney super oxide dismutase(SOD) , 
catalase (CAT) , nitric oxide(NO) , and malondialdehyde (MDA) in the ethanol group compared to the control group. Moreover 
,serum urea, creatnine, uric acid, alkaline phoshpatase and transaminases activities (GOT&GPT) were increased in the ethanol 
group compared to the control group. On the other hand,administration of zinc sulphate in the ethanol group caused a signiýcant 
decrease in the degenerative changes, lipid peroxidation, antioxidant enzymes, and nitric oxide in serum, liver, and kidney. It can 
be concluded that  zinc Sulphate has a protective role on the ethanol induced liver and kidney injury. In addition ,nitric oxide is 
involved in the mechanism of acute alcohol intoxication.

Key words: Ethanol- Zinc sulphate-liver- Kidney- Free radicals – antioxidant enzymes-malondialdehyde

Introduction
Alcoholic liver disease has a known aetiology but a complex 
and incompletely known pathogenesis. It is an extremely 
common disease with signiýcant morbidity and mortality, 
but the reason why only a relatively small proportion of 
heavy drinkers progress to advanced disease remains 
elusive (Gramenzi et al., 2006).

Alcoholic liver disease, including acute alcoholic 
hepatitis and cirrhosis, is a major cause of morbidity and 
mortality in the world. Abstinence remains the cornerstone 
of management of all forms of alcoholic liver disease 
(Agrawal et al.,2004).

Ethanol toxicity on liver is a function of duration of 
alcoholism, amount of daily intake of alcohol and patient’s 
nutrition. The threshold of alcohol toxicity on the liver is 
about 40 g of ethanol daily in men and 20-30 g in women. 

However, liver cirrhosis develops in no more than 8-20% of 
patients exceeding these values. Ethanol is oxidized in the 
liver to acetaldehyde,a compound considerably more toxic 
than ethanol itself (Waluga and Hartleb, 2003)

Ethanol is mainly metabolized in the liver through three 
major pathways with different cellular location: alcohol 
dehydrogenase in the cytosol, aldehyde dehydrogenase 
in the mitochondria, and microsomal ethanol-oxidizing 
system in the endoplasmic reticulum.  All of these three 
pathways result in reactive oxygen species generation. 
However, the microsomal ethanol-oxidizing system, 
especially the cytochrome P450 2E1 (CYP2E1), has been 
shown to play a critical role in ethanol-induced oxidative 
stress( Lieber,1997).

Free radicals and reactive oxygen species can 
contribute to a variety of diseases or be present in situations 
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of toxicity (Halliwell, 1997), such as the presence of 
acute dose of ethanol. On the other hand, the deleterious 
effects of free radicals can be inhibited by the presence 
of antioxidant substances or by any substance present at 
low concentrations compared to its oxidizable substrate ( 
Ferreira and Matsubara,1997).

Ethanol is known to have potentiality for causing hepatic 
microcirculatory disturbances (Oshita et al., 1992; Horieet 
al., 2000 ). It has a dual effect on vascular smooth muscle: 
in some blood vessels , it increases vascular tone, while 
in others , it relaxes vascular smooth muscle (Davidson, 
1998). Ethanol has been reported to relax pulmonary 
arteries by releasing NO (Greenberg et al., 1993), and in 
perfused liver. twenty ýve mmol/L or more of ethanol has 
been reported to increase the production of endogenous 
NO which was found to reduce ethanol elevated portal 
pressure (Oshita et al.,1992). This evidence supports the 
hypothesis that the ethanol- induced increasing in NO 
levels reduces or compensates for the ethanol-induced 
hepatic microcirculatory disturbance. As NO can medulate 
leukocyte and/or platelet-endothelial cell interactions 
(Horie et al., 1996; Horie et al., 1998), it appears to have 
a more important role in invivo inþammatory responses. 
Ethanol has also been reported to modulate  ischemic/ 
reperfusion-induced tissue injury (Phillis, et al., 1998). 
In a perfused liver model, ethanol enhanced Ischemic/
reperfusion-induced hepatotoxicity (an increase in blood 
levels of liver enzymes) by enhanced production of reactive 
oxygen species (Younes et al., 1989).

The liver is the main site of ethanol biotransformation and 
it plays a key role in zinc metabolism ( Florianczyk, 2000). 
Acute ethanol exposure causes liver injury in experimental 
animals. Hawevers the mechanisms of ethanol-induced liver 
injury are not fully elucidated (Lambert, 2003). Zinc is an 
essential nutrient required in humans and animals for many 
physiological functions, including antioxidant functions. 
Zinc has been shown to be essential for the structure and 
function of a large number of macromolecules and is 
also essential for over 300 enzymatic reactions(Tapiero 
andTew, 2003). Zinc is an antioxidative element and it 
probably mediates the protective action of metallothionein. 
Changes in the metabolism of some elements such as zinc 
can lead to disorders in the antioxidant defense system of 
liver (Stohs and Bagchi,1995). It has been shown that zinc 
plays an important role in the maintenance of glutathione. 
Zinc deýciency is important in liver damage, although it 

is unclear whether zinc supplementation has a place in the 
treatment of ethanol-induced liver injury.Although some 
studies have addressed the relationship between zinc-
metallothionein and ethanol toxicity, the results obtained 
from these studies are in conþict (Zhou et al., 2002). 

The kidney, which is the site for the elimination of 
reactive metabolites, may also be affected by ethanol induced 
alpha-hydroxy ethyl radical oxidant species. Chronic 
ethanol studies have shown increases in ethanol oxidation 
as well as lipid per oxidation in the kidney(Orellana et 
al., 1998). However the effect of acute ethanol on renal 
antioxidant defence is sparse.

The purpose of this study was to investigate the 
protective role of zinc sulphate on liver and kidney in rats 
with acute alcoholism.

Material and methods
Male Wistar albino rats weighing 250 and 350g 

obtained from the Experimental Animal Center of College 
of Pharmacy, King Saud University, Riyadh, Saudi Arabia 
were used . Animals were housed  and fed with pellet chow 
and tap water ad-libitum.. Twenty-Four rats were randomly 
divided into four groups. Group I (n =6) was intact control 
animals. The control rats of group II (n =6) received 1 ml of 
absolute ethanol once, by gavage technique. The animals of 
group III (n = 6) were treated only with 100 mg/kg per day 
zinc sulfate (ZnSO4.7H2O) (Merck) for 3 d, similarly. The 
animals of group IV (n = 6) were treated with zinc sulfate 
and absolute ethanol at the same dose and time. After 2 h 
from the time when the last dose of zinc sulfate was given, 
acute ethanol toxicity on the liver of rats was produced by 
administration of absolute ethanol. 

At the end of the period of this study, the animals were 
anesthetized by ether. Blood samples were obtained from 
retro-orbital venous plexus using capillary pipette (Halpern 
and Pacaud, 1951) and then sacriýced.

Fasting blood sample (5ml) was taken from each rat 
and left for 15min to clot and centrifuged at 3500 rpm for 
15 min to separate serum. Serum samples were stored at 
–20 oC in deep freeze until analysis.
    
 (I) Sampling of Organs:   

The kidney and liver tissues were dissected out, washed 
with cold normal saline and divided into two parts. The ýrst 
part was homogenized in ýve volumes of phosphate buffer 
(0.1 M- pH 7.4) containing 1 mM EDTA with a motor- 
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driven Teþon glass tissue homogenizer (Wills, 1966). The  
homogenate was centrifuged at 1200 g for 15 minutes. The 
supernatent was used for the determination of different 
biochemical parameters.

The second part was cut into two portions and prepared 
for histological examination ( Fixed in 10% formalin).

(II) Analytical Procedures:
(1) Histological Examination: sections were stained with 
hematoxylin and eosin (Hx & E) according to (Drury and 
Wallington , 1980)  

(2) Determination of biochemical assays:
(a) Serum :
 i)   Serum liver function ( SGOT,SGPT, ALP) and kidney     
function test (urea, creatnin,uric acid) were done in 
Specialized King Fahd Hospital. 

i) Malondialdehyde was measured using the method of 
Zdenek  et al., method(1966).
ii) Superoxide dismutase was estimated according to 
Witerbourn et al., (1975).
iii) Catalase was determined according to Siha(1972).
iv) Nitric oxide was determined by modiýed Griess assay 
based on the spectrophotometric method of Roth et al., 
(1994).
b) Tissues:

The levels of malondialdehyde, superoxide dismutase, 
catalase and  nitric oxide were determined in liver and 
kidney as described 
above.

Statistical Analysis:
All data of the experimental results were expressed as 
mean + S.E and statistically analysed using student -t- test 
(Hill,1979).

Results
The histopathological changes:
 A-Liver: 
The examination of liver sections of the group control 
showed the normal architecture of the hepatic lobule 
(Figure 1).
The photomicrographs of rats liver administrated with 
ethanol showed macrovesicular and microvesicular fatty 
changes mainly in the inner and outer regions of the hepatic 
lobules. Also, the interlobular connective tissue showed 
marked thickening (Figure 2).

Moreover, lymphocytic inýltration in the portal and 
periportal areas, an increase activity of Kupffer cells, 
focal necrosis of some hepatocytes and pyknosis of some 
nuclei were seen also (Figure 3).However , sections of rats 
liver supplemented with zinc sulphate revealed normal 
structure of the hepatocytes (Figure 4).and the livers of 

Table 1. Effects of acute- dose of alcohol,zinc sulphate & zinc sulphate+ acute-dose of alcohol on serum SGOT,SGPT and alkaline      
phosphatase.

Groups SGOT
U/L

SGPT
U/L

ALP
U/L

GroupI
(6-rats)

Range
Mean
+ S.E

129-220
195
5.9

70-95
83
3.3

155-270
240
2.5

Group II
 Acute-dose of alcohol

(6-rats)

Range
Mean
+ S.E

P

190-330
275
3.03
0.01

100-170
145
4.8
.001

300 - 420
360
3.6

0.001
Group III

Zinc sulphate
(6-rats)

Range
Mean
+ S.E

P

125-210
180
4.3
N.S

75-88
86
5.4
N.S

140 -285
245
3.8
N.S

Group VI
 Zinc sulphate + acute dose

of alcohol
(6 - rats)

Range
Mean
+ S.E

P

130-210
190
4.1
N.S

90-120
110
4.6
0.05

160-280
250
4.1
N.S

P < 0.05 	 Signiýcant 

P > 0.05 	 non-signiýcant 
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rats supplemented with zinc sulphate and received ethanol 
showed the normal hepatic lobule structure with the 
exception of some vacuoles and heamorrhgic areas in the 
sinusoids (Figures 5 & 6).
B-Kidney:

The light microscopy examination of the kidney of the 
control rats showed normal structure, renal corpuscle and 
tubules (ýgure 7).

Light microscopy of the kidney sections from rats 

supplemented with zinc sulphate demonstrated normal 
histological in both the renal corpuscles and tubules (ýgure 
8).

Examination of the kidneys of ethanol- treated rats 
demonstrated moderate histological alterations in the form 
of interstitial edema. Further more, some renal tubules 
showed cloudy swellings and others showed detachment of 
their epithelial cells. Occasionally, the glomeruli exhibited 
lobulation and the urinary spaces became narrow (ýgure 9, 
10). 

 Table 2. Effects of acute-dose of alcohol, zinc Sulphate, and zinc sulphate +acute-dose of alcohol on serum urea, creatnine  and uric
acid.

Groups  Urea
mg /dl

Creatnin
mg/dl

Uric acid
mg/dl

Group I
(6-rats)

Range
Mean
+ S.E

25.5 ï 32
29.5
0.12

0.5 -0.9
0.75
0.35

3.5-5.1
4.3
0.3

Group II
 Acute-dose of alcohol

(6-rats)

Range
Mean
+ S.E

P

35-76
52
0.4
0.01

1.2-2
1.5
0.32
0.01

6.5-9.3
8.3
0.28
0.01

Group III
Zinc sulphate

(6-rats)

Range
Mean
+ S.E

P

23-34
31

0.35
N.S

0.6-1
0.8
0.29
N.S

3.3-6.6
4.6
0.22
N.S

Group VI
 Zinc sulphate + acute dose

of alcohol
(6-rats)

Range
Mean
+ S.E

P

26-37
34

0.23
N.S

0.7-1.1
0.9
0.27
N.S

4.1-6.2
4.9
0.24
N.S

P < 0.05 	 Signiýcant 
P > 0.05 	 non-signiýcant 

Table 3. Effects of acute-dose of alcohol, zinc sulphate, and zinc sulphate +acute-dose of alcohol on serum malondialdehyde,superoxide 
dismutase,catalase & nitric oxide.

Groups MDA
n mol/ml

SOD
U/gmHb

Catalase
Kf

NO
nmol/L

Group I
(6-rats)

Range
Mean
+ S.E

1.3-1.9
0.696
0.124

2660-2930
2786.75
51.875

140.34 ï 182.64
168.500
21.699

30.27-49.5
42.54
3.41

Group II
 Acute-dose alcohol

(6-rats)

Range
Mean
+ S.E

P

1.88 -2.65
2.10
0.354
0.001

2854 -3321
2299.42
49.77
0.01

90.45-106.4
95.000
54.49
0.001

53.3-80.2
70.2
4.11
0.01

Group III
Zinc sulphate

(6-rats)

Range
Mean
+ S.E

P

1.1-1.7
0.73
0.17
N.S

2552-2840
2702
32.34
N.S

145.21-170.33
152.43
9.034
N.S

33.5-45.6
40.8
3.31
N.S

Group VI
 Zinc sulphate + acute dose

alcohol
(6-rats)

Range
Mean
+ S.E

P

0.96-1.6
1.02
0.16
0.05

9.5-12.5
2562
37.81
0.05

133.42-152.35
141.55
8.32
0.05

59.3-72.1
62.5
3.99
0.05

P < 0.05 	 Signiýcant 
 P > 0.05     non-signiýcant




