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ABSTRACT
Water from holy zamzam is consumed by many Muslims in the world due to its beneficial role for the health of human
beings. Therefore the present study was designed to evaluate the effect of zamzam water in diabetes mellitus, nephrotoxicity
and hepatotoxicity in rats as well as to determine the chemical analysis of this water. Fifty six male albino rats weighting
(150±5gm) were divided into four main groups and each group was divided into two subgroups a and b, one administered
tap water (Tw) and the other subgroup administered zamzam water (zw). The 1 st main group was normal rat (-ve control),
the 2nd group was diabetic (induced by alloxan 150 mg/kg b.w.), the 3rd was nephrotoxic (induced by gentamicin 100 mg/kg
b.w.) and the 4th group was hepatotoxic by carbon tetrachloride (2ml/ kg b.w.). The experiment lasted after four weeks.
Zamzam water significantly decreased serum glucose, total lipids, total cholesterol, triglycerides, LDL-cholesterol and
elevated HDL- cholesterol. Moreover the liver and kidney markers were also improved in the groups that treated with
zamzam water relative to its control taking tap water. Zamzam water has a protective role against hazardous effects of
diabetes mellitus, nephrotoxicity and hepatotoxicity in rats.
Keywords: Zamzam water – Diabetes mellitus – Nephrotoxicity - Hepatotoxicity – Glucose – Liver markers – Kidney
markers.
INTRODUCTION
Water is one of the main dietary components. Its quality
plays important role for the health of human being.
Zamzam water is natural water consumed by millions of
Muslims worldwide1. Zamzam water is unique in its
character as compared to other water. There are neither
bacteria nor moulds that caused changes in odour and
taste2. Zamzam water has no signs of biological growth3.
This water has been reported to be alkaline and also rich in
minerals which render it a potential antioxidant source4,5.
The alkaline nature of zamzam is associated with the
richness with certain elements like magnesium6.
Besides zamzam water has indicated that it is sodium
chloride water and of meteoritic nature. The four toxic
elements arsenic (AS), cadmium (Cd), lead (Pb) and
selenium (Se) are less than the danger level of human
consumption. Chemically zamzam water is extremely
suitable for drinking purposes7.
Zamzam water contains fluorides that have an effective
germicidal action8.
Diabetes mellitus (DM) is currently a major public health
concern, because its incidence and prevalence are elevated
increasing, reaching epidemic proportions9.
Recent advances in understanding the etiology and
pathogenesis of diabetes have led to revised classifications
in which diabetes is divided into general classes which are
type I diabetes, type II diabetes and the gestational
diabetes10. Diabetes can be diagnosed by the presence of
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four classic signs that include polyuria, polyphagia,
polydipsia and hyperglycemia11.
Diabetes is reported to be a multifactorial disease which
manifested by hyperglycemia12, abnormalities of
lipoprotein13, increased basal metabolic rate14,15, defects in
scavenging enzymes and changes in intermediary
metabolism of most food substances16.
Nephrotoxicity is the most common kidney problem and
happens when body is exposed to a toxin or drug. When
kidney injury occurs, body is unable to rid of excess urine,
wastes from the body and also blood electrolytes (such as
magnesium and potassium). A number of therapies like
aminoglycoside, antibiotics and chemotherapeutic agents
can adversely affect the kidney resulting in acute renal
failure, chronic interstitial nephritis and nephritic
syndrome17.
The liver has a pivotal role to detoxificate the toxic
substances and synthesizes useful compounds. Liver
toxicity is well known. Toxicity may occur when the liver
has become overloaded with toxic materials that come
from the diet, water, air, drugs, etc18.
Liver diseases are considered to be a worldwide problem
and are associated with a significant morbidity and
mortality. The contributary factors for the diseases of liver
in developed countries are excessive consumption of
alcohol and viral infections, while in the developing
countries the causative factors are environmental toxin,
parasitic disease, hepatitis viruses and some drugs
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(chemotherapeutic agents, antibiotics, high doses of
carbon tetrachloride (CCl4), paracetamal19. Based on the
aforementioned findings this research was designed to
evaluate the beneficial effects of zamzam water on
experimentally induced diabetes, renal toxicity and
hepatotoxicity in rats.
MATERIALS AND METHODS
Materials
Zamzam water was obtained from Makkah, Saudi Arabia
to perform chemical analysis as well as biological study.
All chemicals used in this study were obtained from Sigma
Chemical Company (St. Louis, USA).
Different commercials diagnostic kits were purchased
from BioMerieux Company (L'Etoile/France) and from
Eagle Diagnostics (Dollas, TX, USA).
The animals used in the biological experiment were fifty
six male albino rats (Sprague Dowely strain) of an average
weight 150 ± 5 g). The rats were obtained from animal
house of Agriculture Research Center (ARC).
Methods
Chemical Analysis
The procedures of zamzam water analysis were based on
American Public Health Association (APHA)20.
Animal Experiment
Diet Preparation
Basal diet and the vitamin mixture were prepared
according to the method described by Campbell,21 on diet
bases: Protein (12%), fat (8), salt mixture (4%) ,vitamin
mixture (1%), cholin chloride (0.25%), and cellulose (5%)
sucrose (10%), L-cystein (0.18%) and the remainder was
starch ( table 1) . The salt mixture was prepared according
to Reeves et al22.
Experimental Animal Design
The fifty six albino rats were divided into four groups as
follow:
The first main group (14 rats) was considered as negative
normal control and divided into two groups:
Subgroup1a (7 rats) fed on basal diet + tap water
Subgroup 1b (7 rats) fed on basal diet + zamzam water
The second main group (14 rats) was injected with alloxan
(150 mg/ kg b.wt.) intraperitoneally23 to induce
hyperglycemia, after 4 days, blood samples were obtained
from rats eyes to estimate glucose levels .Rats with fasting
serum glucose more than 200 mg /dl were considered as
diabetics and then divided into two groups:
Subgroup 2a (7 rats) fed on basal diet + tap water.
Subgroup 2b: (7 rats) fed on basal diet + zamzam water
The third main group (14rats) was injected with gentamicin
(amino glycosides antibiotics) about (100 mg/kg /day) for 5
days intraperitoneally to induce nephrotoxicity, according to
the methods described by24 and then divided into two groups:
Subgroup 3a: (7 rats) fed on basal diet + tap water.
Subgroup 3b: (7 rats) fed on basal diet + zamzam water.
The fourth main group (14rats) was subcutaneously
injected with carbon tetrachloride (Ccl4) in paraffin oil
(50%V/V 2ml/kg b.wt.) twice a week for two weeks, to
induce chronic damage in the liver25. The rats injected with
CcL4 were divided into two groups:
Subgroup 4a: (7 rats) fed on basal diet + tap water.

Subgroup 4b: (7 rats) fed on basal diet + zamzam water.
Animals were kept in stainless steel cages .Food and water
were allowed adlibtum to the animals during the whole
experiment which lasted for 4 weeks.
Biological evaluation
The biological effect of zamzam water were assessed by
the determination of food intake, body weight gain and
feed efficiency ratio throughout the experimental period.
The feeding experiment continued for four weeks after
injection of rats and at the end of experiment, the rats were
fasted for 12 hr., and then sacrificed under ether
anesthetize. Blood samples were collected from the hepatic
portal vein andwere received into clean dried centrifuge
tubes and left to clot at room temperature, then centrifuged
for 10 minutes at 3000 r.p.m to separate serum. Serum was
carefully separated into dry clean and kept frozen at (20°c) till analysis.
Livers, Kidneys, pancreas, were carefully removed,
cleaned, washed in saline solution and dried in filter paper
and weighed for the determination of. Organs to body
weight percent. The percent of the organ to body weight
was calculated as follows: (organ weight / animal weight)
x 100).
Biochemical Assessment
Determination of serum glucose was carried out according
to methods by Trinder26. Total lipids were determined
according to method of Zollner and Kirsch27. Total
cholesterol was determined according to method by Allain
et al28.
The triglycerides in serum were colorimetrically
determined according to Fossati and Principe29. The hight
density lipoprotein cholesterol ( HDL-Ch) was determined
according to and Lopez- Virella30. The concentration of
very low density lipoprotein (VLDL-C) was estimated
according to the fridewald’s equation31.
VLDL-C (mg/dl) = Triglycerides /5
The low density lipoprotein cholesterol (lDL-Ch)was
determined according to Wieland, and Seidel32.
Kidney function was assessed by determination of serum
urea according to the method described by Fawcett, and
Scott33, and creatinine was determined according to kinetic
method of Henry34.
Liver Function was assessed by determination of serum
aspartate aminotransferase (AST), and serum alanine
aminotransferase (ALT) according to the procedure
described by Reitman, and Frankel35. Determination of
serum alkaline phosphatase (ALP )was carried out
according to Belfield and Goldberg 36, and serum total
bilirubin according to the method described by Walter and
Gerade37.
Statistical Analysis
The results were expressed as mean ± SD. Data was
analyzed by one away analysis of variance (ANOVA) the
differences between means were tested for significance
using least significant difference (LSD) test at (p<0.05).
SPSS, (2008).
RESULTS
Chemical estimation of Zamzam and Tap water
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The chemical analysis of zamzam water (Zw) and tap
water (Tw) was shown in table (2).
Results are measured with part per million (ppm) or
milligrams per liter (mg/l).except PH.
Zamzam water was proved to have significant amounts of
some inorganic elements when compared to tap water.
These elements include sodium (Na) 133:37.8mg/l,
calcium (Ca) 130:35.2 mg/l, magnesium (Mg) 32:13.9
mg/l, chloride (Cl) 91:30 mg/l, potassium (K) 13:5.7 mg/l,
fluoride (Fl) 0.68:0.0, Nitrate (NO3) 26:19 mg/l,
bicarbonate (HCO3) 195.4:144 mg/l, sulfate (SO4)
293.58:30.1 mg/l and total dissolved solids (TDS) 607:233
mg/l respectively .The pH of zamzam water is more than
tap water (7.8, 6.8 respectively).
Nutritional evaluation
The results of body weight gain (BWG), Food intake (FI)
and feed efficiency ratio (FER) of normal, diabetic,
nephrotoxic and hepatotoxic groups were represented in
table (3).
As shown in the table, the mean values of BWG, FI and
FER of the diabetic group (2a) were significantly lower
than those of normal group (1). The values reported for
BWG, FI and FER of normal group were 45.91 1.10g,
504.28 3.14g and 0.0900.01 respectively and the values
for diabetic rats (2a) were 24.563.24g, 397.14  3.71 g
and 0.061 0.008 respectively.
These values were significantly improved in the diabetic
group (2b) that treated with zamzam water (35.36  1.98g,
497.0  2.82g and 0.071 0.02 respectively).
Our data also revealed that BWG, FI and FER were
significantly decreased in nephrotoxic rats (3a) (27.69
2.45g, 392.42  3.15g and 0.069 0.020 respectively)
compared with normal group 1 (45.91  1.10g, 504.28 
3.14g and 0.09  0.01 respectively). These parameters
were also improved in rats treated with zw (3b).
Concerning the hepatotoxic group (4a), a significant
decrease was also observed in the mean values of BWG,
FI and FER when compared with normal group 1 (table 3).
The effect of zw on the organs weight percentage
(pancreas, Liver and kidney) of normal diabetic,
nephrotoxic and hepatotoxic groups was shown in table
(4).
Results showed that no marked difference was noticed
between weight percent of pancreas, liver or kidney of
normal rats either given tap water or zamzam water
(groups 1a and 1b)
On the other hand data illustrated that the percent weight
of pancreas, liver and kidney of diabetic group (2a),
nephrotoxic group (3a) and hepatotoxic group (4a) were
increased significantly when compared with normal group
(1). Zamzam water administration to the previous diseased
groups resulted in significant reduction in the weight
percent of these organs (groups 2b, 3b and 4b).
Serum glucose and lipid profile
Data in table (5) showed serum glucose level of normal
group (1a, 1b), diabetic groups (2a, 2b) nephrotoxic groups
(3a, 3b) and hepatotoxic groups (4a, 4b).
It was clear that serum glucose level was not significantly
changed between normal groups 1a and 1b (86.7 5.52 and

Table 1: Composition of basal Diet (g/Kg diet).
Ingredients
Amount (g/kg)
Casein
120
Corn oil
80
Salt mix.
40
Vit. mix.
10
Cellulose
50
Choline chloride
2.5
sucrose
100
Corn starch
597. 5
Total
1000
Table 2: Chemical Composition of ZamZam Water and
Tap Water.
parameters
ZamZam Water Tap Water
Color
Colorless
Colorless
Odor
Odorless
Odorless
Turbidity
0.6
0.1
PH
7.8
6.8
Total Hardness
210
146
Calcium hardness
125
88
Magnesium
85
58
Hardness
Calcium
130
35.2
Magnesium
32
13.9
Sodium
133
37.8
potassium
13
5.7
Carbonate
0.0
0.0
Bicarbonate
195.4
144
Chloride
91
30
Sulfate
239.58
30.1
Ammonia
0.0
0.0
Nitrite
0.0
0.0
Nitrate
26
19
Iron
0.16
0.3
Manganese
0.04
0.05
Fluoride
0.68
0.0
Total Dissolved
607
233
Solids
87.87 4.23mg/dl respectively). Results revealed that
serum glucose level increased significantly in diabetic
group (2a), nephrotoxic group (3a) and hepatotoxic group
(4a) when compared with normal group 1a (294  1.45,
120  4.70, 122.2  5.21 and 86.7  5.52mg/dl
respectively).
It was also noticed that serum glucose levels was
significantly decreased in groups 2b, 3b and 4b (123± 7.07,
101.0± 5.60 and89.45± 5.27 mg/dl respectively) when
compared to groups 2a, 3a and 4a (294.21± 1.45, 120.0±
4.70 and 122.20± 5.21 respectively). This improvement in
glucose level was attributed to zamzam water
administration to these diseased groups.
The values reported for serum total cholesterol, total lipids,
LDL cholesterol, HDL-cholesterol and the triglycerides of
the different experimental groups are shown in table (5).
It can be noticed that all lipid parameters except HDL
cholesterol were increased significantly in diabetic group
(2a), nephrotoxic group (3a) and hepatotoxic group (4a)
when compared with normal -ve control group (1a). Also
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Table 3: Body weight gain (BWG), food intake (FI) and feed efficiency ratio (FER) of the different experimental groups.
Parameters
Groups
Body weight gain (g)
Food intake (g)
Feed efficiency ratio (FER)
G1: Normal (-ve control)
1a (Tw)
45.91  1.10a
504.28  3.14a
0.090  0.01a
a
a
1b (Zw)
45.17  2.50
505.28  2.42
0.089  0.02a
G2: Diabetic
2a (Tw)
24.56  3.24c
397.14  3.71c
0.061  0.008b
b
b
2b (Zw)
35.36  1.98
497.0  2.82
0.071  0.02b
G3: Nephrotoxic
3a (Tw)
27.69  2.45c
392.42  3.15c
0.069  0.020b
a
b
3b (Zw)
44.78  1.91
496.57  2.50
0.089  0.017a
G4: Hepatotoxic
4a (Tw)
26.57  2.80C
392.85  3.57c
0.067  0.01ab
b
b
4b (Zw)
39.43  4.05
492.71 2.05
0.079  0.008a
Data were expressed as mean  SE
No significant difference between the values that share the same superscript letters in each column (P≤ 0.05).
Table 4: Effect of zamzam water on organ weight
percentage of the different experimental groups.
Organ
Groups
Pancreas%
Liver %
Kidney %
G1: Normal
(-ve control)
1a (Tw)
0.160.05b 3.500.04b 0.52 0.04b
1b (Zw)
0.160.04b 3.510.16b 0.550.03b
G2: Diabetic
2a (Tw)
0.310.02a 4.140.39a 0.62 0.08a
2b (Zw)
0.16
3.580.16b 0.53 0.05b
0.01b
G3:
Nephrotoxic
3a (Tw)
0.340.27a 4.590.13a 0.67 0.09a
3b (Zw)
0.160.15b 3.570.29b 0.560.04b
G4:
Hepatotoxic
4a (Tw)
0.300.04a 4.590.12a 0.70 0.05a
4b (Zw)
0.160.01b 3.520.27b 0.54 0.01b
Data were expressed as mean  SE
No significant difference between the values that share
the same superscript letters in each column (P ≤ 0.05).
data demonstrated that administration of zamzam water to
the above mentioned groups reduced, total lipids, total
cholesterol, LDL-Ch, triglycerides and increased HDL-Ch
(groups 2b, 3b, 4b respectively).
Liver and kidney functions
The effect of zamzam water (ZW) on liver and kidney
functions in normal, diabetic, nephrotoxic and hepatotoxic
groups was represented in table (6).
Data showed that there was no significant change in liver
enzymes (ALT, AST and ALP) and bilirubin levels
between the two normal groups 1a (given tap water) and 1
b (given zw water).
As shown the parameters of liver function (ALT, AST
ALP and bilirubin) were all deranged due to injection of
alloxan and the resulting hyperglycemia. Marked increase
in the activities of these enzymes was noted in the diabetic
group (2a) compared with normal groups (1a). The values

reported for ALT, AST, ALP and bilirubin for normal rats
were 20.12  1.20, 20.33  3.30, 84.18  1.90 U/L and
0.968  0.55 respectively and the values for diabetic rats
were 46.32 1.50, 46.24  2.24, 91.48  0.22 and 2.73 
0.15 U/L respectively. Also the parameters of kidney
function namely urea and creatinine were significantly
higher than normal levels in the diabetic group (2a).The
reported values far urea and creatinine in normal group
(1a) were 17.92  0.78 and 0.597  0.11 mg/dl
respectively. In case of diabetic group (2a) the values were
53.97  1.78 and 1.45  0.14 mg/dl respectively.
Moreover the serum levels of ALT, AST, ALP, bilirubin,
creatinine and urea decreased significantly in the diabetic
group treated with ZW (2b) compared with the diabetic
group which given tap water (2a).
The previous table (6) showed the effect of zw on liver
function markers (ALT, AST, ALP and bilirubin) in
nephrotoxic rats. Data showed that the levels of these
enzymes increased significantly in nephrotoxic groups (3a)
that given tap water when compared with normal group
(1a).
On the other hand, the levels of these enzymes were
decreased significantly in nephrotoxic group (3b) treated
with ZW.
Also nephrotoxic group (3a) showed significant increase
in urea and creatinine levels when compared with normal
groups.
Concerning the effect of zamzam water (zw) on liver
function markers in hepatotoxic rats (table 6), results
illustrated a significant elevations in serum levels of ALT,
AST, ALP and bilirubin levels were observed in CCl4
treated rats (group 4a) compared with the normal control
group (1a).
Administration of zamzam water (as sole source of
drinking water) to rats treated with CCl4, induced
significant decrease in serum ALT, AST, ALP and
bilirubin levels (group 4b) compared with untreated rats
(group 4a) and kept their levels near the normal control.
Furthermore, the urea and creatinine levels were increased
significantly in the hepatotoxic group 4a (given Tw)
compared with the normal group (-ve control). Meanwhile
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Table 5: Effect of zamzam water on glucose level and lipid profile in normal, diabetic, nephrotoxic and hepatotoxic groups.
Parameter
Total
VLDLGlucose
Total lipids
Triglycerides
LDL-Ch
HDL-ch
Groups
cholesterol
ch
mg/dl
mg/dl
mg/dl
mg/dl
mg/dl
mg/dl
mg/dl
G1:Normal
(-ve control)
1a (Tw)
86.77
304.0 5.77C 109.98
84.53 4.37b 24.28 7.25C 68.78
16.90
C
C
5.52
2.12
3.19a
2.28b
b
C
1b (Zw)
87.90
307.06
110.04
86.97 4.36
23.13 3.25
69.51
17.39
4.23C
4.53C
1.68C
1.87a
2.30b
G2:
Diabetic
2a (Tw)
294.21
532.50
180.03
172.49
102.90
42.69
34.43
1.45a
1.76a
5.52a
3.95a
0.77a
2.17b
1.81a
b
b
b
2b (Zw)
123.0
350.01
130.965.45 88.11 5.95
43.71 2.51
69.59
17.62
7.07b
4.72b
3.19a
1.19b
G3:
Nephrotoxic
3a (Tw)
120.04.70a 510.506.19a 180.134.94a 150.35.76a
108.342.35a 41.73
30.05
2.41b
2.45a
b
b
b
b
b
a
3b (Zw)
101.05.60 343.075.89 130.442.00 82.18 5.68
43.448.13
70.563.12 16.43
2.6b
G4:
Hepatotoxic
4a (Tw)
122.20
491.09
173.13
170.82
95.32 3.92a 43.65
34.16
a
a
a
a
5.21
4.99
2.65
5.78
3.63b
1.15a
b
b
b
4b (Zw)
89.45
327.68
121.513.98 84.65 8.30
35.40 3.87
69.18
16.93
5.27b
4.16b
4.04a
1.66b
Data were expressed as mean  SE
No significant difference between the values that share the same superscript letters in each column (P ≤ 0.05).
urea and creatinine levels of hepatotoxic group 4b (treated
with zw) decreased significantly when compared with
hepatotoxic group 4a (administered with tw).
DISCUSSION
The above results of the chemical analysis of zamzam
water and tap water are in agreements with many studies.
Koshak,2 found that zw is clearly different from normal
water in various ways: first there is no bacterial
contamination. Second there is no moulds that may change
colour, taste or smell, additionally zw contains high level
of Na estimated as 133 mg/l. The increase of nitrate level
in Zw plays an important role due to the antibacterial
action38. Thus, high nitrate levels coupled with
microbiological safety might by a favorable attribute of
zamzam water and could be responsible for some of its
benefits39. Zamzam water contains multiminerals like Mg,
Ca, Fe, Na, Fl, K, HCO3, NO3, SO4 and totally dissolved
salts (TDS),40,41. Moreover zamzam water is considered as
the richest of all waters in the world in calcium42. The pH
of zamzam water is more than tap water43. In contrast it
was reported that zw had likely more harmful elements as
compared to tap water such as Cl, nitrites, Na and Fl.
Although their levels were nearly low and within the safety
range44, their harmful effects were controlled by other
elements that either retard absorption or bad effect of these
elements.

The results of body weight gain, food intake and feed
efficiency ratio showed significant decrease in the diabetic,
nephrotoxic and hepatotoxic groups as compared with
normal control group. This finding is consistent with
previous reports of weight loss in diabetic rats after
injection of alloxan as a result of increased catabolism45,46.
Our data are also in consistent with Ademiliuyi et al.,47
who indicated that the body weight was significantly
reduced in rats administered gentamicin as compared to
normal control. Khan, et al.48 showed that the toxicity of
CCl4 caused body weight loss and abnormal tissue weight
increase in rats. These results are in accordance with those
of Wahba49 who reported that liver weights of alloxan
diabetic rats were higher than in normal rats. This increase
appears to be due to the diabetogenic effect of alloxan
which resulted in insulin deficiency. Moreover our data are
in agreement with Adewole et al.,50 and Khan et al.,48 who
reported that the toxicity of carbon tetrachloride (CCl4)
indicated significant increase in tissue weight as a share of
total weight of liver and kidney, when compared with
normal control.
The improvement in the organs weights percent may be
attributed to the antioxidant character of zamzam water
which protects the body against degenerative diseases.
This may explain the protective action of zm particularly
regarding the pancreas, against the free radicals generation
known to occur in diabetes51,39.
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Table 6: Effect of Zamzam water on liver and kidney functions in normal, diabetic, nephrotoxic and hepatotoxic groups.
Parameter
Groups
ALT
AST
ALP
Bilirubin
Creatinine
Urea
(U/L)
(U/L)
(U/L)
(U/L)
mg/dl
mg/dl
G1: Normal
(-ve control)
1a (Tw)
20.12 1.20C 30.333.30d
84.181.90b
0.9680.55c
0.5970.11C
17.920.78C
C
c
b
C
C
1b (Zw)
22.131.80
24.712.56
86.012.70
0.9780.08
0.5550.15
17.411.22C
G2: Diabetic
2a (Tw)
46.32 1.50a
46.24 2.24a
91.48 0.22a
2.730.15a
1.45 0.14a
53.97 1.78a
b
b
b
b
b
2b (Zw)
25.971.60
33.6 5.70
84.46  2.70
1.350.21
0.66 0.10
20.95 0.44b
G3: Nephrotoxic
3a (Tw)
57.74 3.07a
56.587.53a
95.341.07a
2.480.21a
2.410.18a
65.782.12a
b
b
b
b
b
3b (Zw)
23.462.51
35.065.01
87.750.32
1.380.39
0.9570.45
38.685.75b
G4: Hepatotoxic
4a (Tw)
84.751.75a
87.143.70a
122.680.70a 2.370.11a
2.360.14a
71.021.60a
b
b
b
b
b
4b (Zw)
28.963.11
31.483.21
87.840.20
1.420.23
0.640.23
37.921.80b
Data were expressed as mean  SE
No significant difference between the values that share the same superscript letters in each column (P ≤ 0.05).
Serum glucose level was significantly increased in the
diabetic group compared to normal control. These results
are in agreement with Bukhar et al.,52 who revealed that
blood glucose was significantly increased in alloxan
induced diabetic rats compared with negative control.
Our emerged data demonstrated that zamzam water
treatment significantly decreased serum glucose level
which in agreement with Jin et al 53 who reported that
zamzam water has been shown to improve the glycemic
parameters in diabetic rats by various mechanisms.
Zamzam water is alkaline natural water and rich in many
minerals54 which makes it potentially capable of enhancing
antioxidant power51. This was in agreement with the
previous finding that reported a significant reducing effect
of glucose resulted from alkaline water in animals55.
The previous results showed that glucose level increased
in nephrotoxic rats (gentamicin injected rats). Meanwhile
rats treated with zamzam water showed significant
decrease in serum glucose level.
.
These data are coincided with those of Manikandan et al.56
and Gowrisri et al57. Moreover, Boschero and Delattre58
illustrated that gentamicin (GM) reduced insulin release
from pancreas islets; it is conceivable that the decrease of
insulin simultaneously increased glucose level. Besides the
reduced glomerular filtration rate induced by GM. In
addition, GM administration has been proven to cause
marked alternation of some enzymes involved in
carbohydrate metabolism59. Khan et al60 also documented
that there was glucosuria in gentamicin treated rats and this
could be due to proximal tubular necrosis.
The present data also demonstrated that serum glucose
level was slightly increased in carbon tetra chloride treated
rats as compared to control groups (normal). These results
were supported by Alhazza et al.,61 and Ozturk et al.62 and
who reported that glucose level increased by CCl4
intoxication.
The results reported from this study show that most of the
lipid parameters of the diabetic rats were disturbed .It was
noticed a significant increase in the level of total lipids,

LDL-Ch, total cholesterol and triglycerides and a reduction
in HDL-Ch concentration .Dyslipidemia has been reported
in many studies to associate diabetes and perhaps remain
for a time after treatment of hyperglycemia63.
Our results in this regard are in agreement with Chigozie
and Chidinima64 and Kannan et al65 who reported that
induction of diabetes caused hyperlipidemia due to higher
level of cholesterol.
Tama and Sagiran66 also found that administration of
zamzam water can increase HDL level and decrease LDL
level of diabetic rats.
The increase of lipid parameters in the nephrotoxic group
were supported by Rashid et al.,67 who found that
gentamicin causes hypercholesterolemia as is evident by
the rise in level of cholesterol in gentamicin treated group.
Ademiluyi et al47 also confirmed an increase in the levels
of triglycerides, total cholesterol and LDL-cholesterol
coupled with a concomitant decrease in HDL-cholesterol
in gentamicin administrated rats. Also the increase in
lipid parameters in hepatotoxic rats was in agreement with
Khan, et al.,48 who stated that administration of CCl4
increased triglycerides, total cholesterol, LDL-Ch while
decreased HDL-Ch levels.
As shown in table (6) the parameters of liver function
(ALT, AST ALP and bilirubin) and kidney function (urea
and creatinine) were all deranged due to injection of
alloxan and the resulting hyperglycemia.
These results are in agreement with various studies which
indicated that alloxan has deleterious effects on liver and
kidney68,69. Disruption in liver function that is
demonstrated with increasing in ALT and AST has been
occurred one week after alloxan injection70.
Many researchers have investigated an association
between diabetic complications and disturbance in many
tissues like diabetic nephrotoxicity and peripheral
neuropathy. Oxidative stress is thought to have a major
role in the progress of such complications71,72.
The improvement of these parameters may be attributed to
the antioxidant activity of zw51,39.
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The previous table (6) showed the effect of zw on liver
function markers (ALT, AST, ALP and bilirubin) and
kidney function markers (urea and creatinine ) in
nephrotoxic rats. Data showed that the levels of these
markers increased significantly in nephrotoxic group (3a)
that given tap water when compared with normal group
(1a).
These results coincided with those of Faramobi and Ekor24,
Khan et al.,73 and Ademiluyi et al.47 who reported that
serum AST and ALT levels increase in patients receiving
antibiotic injection. This was in accordance with our
observations, where rats received gentamicin (GM)
injection.
Moreover Randjelovic et al.,74 and Gowrisri et al.,57 who
stated that GM administration to rats produces
nephrotoxicity which was manifested by marked increase
in serum creatinine and urea levels.
The improvement in kidney and liver functions in
nephrotoxic rats after administration of zamzam water was
related to its antioxidant capacity where it is similar to
alkaline water and can boost the antioxidant mechanisms
in rats stressed by gentamicin75,4
A significant increase of serum transaminases activities (
AST, ALT and ALP ) of the hepatotoxic group(table 6)
was in agreement with Alhazza et al61 and Khan et al.48
who reported that carbon tetrachloride (CCl4) has harmful
effects on the liver function .
Hepatotoxicity of carbon tetra chloride (CCl4) is largely
due to its active metabolite, trichloromethyl radical76.
Elevation of serum transaminases are indicators of cellular
leakage and loss of functional integrity of hepatocellular
membrane77. On the other hand serum alkaline
phosphatase (ALP) and bilirubin are closely related to the
liver function. Elevation of ALP level may be due to
increased its synthesis as a result of increasing biliary
pressure78. There was a marked restoration of these
enzymes levels on administration of zw. This improvement
may be attributed to the prevention of leakage of
intracellular enzymes by the membrane stabilizing power
(88). Zamzam water is a potential protective agent against
CCl4 hepatotoxicity in rats79. Besides the protective role
of zw on hepatotoxicity of CCl4 in rats may be clearly
appear to be due to inhibition of lipid peroxidation and
activation of antioxidant enzymes, and to free radicals
scavenging action80.
Zamzam water minimizes the injurious effect of the
famous toxin CCl4 on the liver. It is interesting to note the
similarity between zw and electrolyzed- reduced water
(ERW) in this respect. ERW or alkaline water extremely
treated the CCl4- induced liver lesions and lowered the
serum levels of hepatic enzyme markers ALT and AST81.
The disturbance in the levels of serum urea and creatinine
of the hepatotoxic group are supported by many studies
which proved that CCl4 produced significant toxic
changes in kidneys, lungs, and testis as well as in blood by
generating free radicals82.
Findings by Ogeturk et al83, and Adewole et al50 suggested
that exposure to CCl4 causes renal injuries as well as
oxidative stress and marked depletion of endogenous
antioxidant enzymes in kidneys. In addition severe

impairment in renal function was seen as evaluated by
increased serum creatinine and blood urea nitrogen and
decreased urea and creatinine clearance. Most of studies
proved that CCl4 enhance peroxidation of lipids, decreases
renal microsomal NADPH cytochrome P450, and renal
reduced/oxidized glutathione ratio (GSH/GSSG) in kidney
cortex as well as renal microsomes and mitochondria84.
CONCLUSION
Zamzam water is a potential protective agent against
diabetes mellitus, liver toxicity and kidney toxicity due to
its antioxidant capacity. Further studies are needed to
explore the beneficiary effect of zamzam water and to
evaluate its effect on other conditions of oxidative stress.
REFERENCES
1. Al-Shihri Z. Makkah Al-Mukarramah in the Old
Period: A Reading in History and Poetry. Scientific J
of King Faisal University; Makkah Capital of Islamic
Culture 2005; (2): 473-479.
2. Koshak, Y. H. ZamZam, First edition, Dar Alelm for
Publications, Jeddah, 1983; 19:126.
3. Mashat, B.H., The microbiological quality of sabil free
drinking water in Makkah Al-Mukarramah. JKAU:
Met. Env. & Arid Land Agric. Sci., 2010; 21, 87-100..
4. Nassini, R.; Andrè, E.; Gazzieri, D.; De Siena, G.;
Zanasi, A.; Geppetti, P. and Materazzi, S. , A
bicarbonate-alkaline mineral water protects from
ethanol-induced hemorrhagic gastric lesions in mice.
Biol. Pharm. Bull.2010; 33:1319-1323.
5. Shomar B, Zamzam water: concentration of trace
elements and other characteristics. Chemosphere.2012;
86: 600-605.
6. WHO, (World Health Organization), Nutrients in
drinking water. World Health Organization,
Geneva.2005.
7. Naeem, N. Alsanussi, H. and Almohandis, A. Multi
elemental and hydrochemical study of Holy ZamZam
water. Journal new England water works Association
1983; 47: 158.
8. AL-Zuhair N and Khounganian R. A comparative
study between the chemical composition of potable
water and zamzam water and its effect on tooth
structure in Saudi Arabia. Saudi Dental Journal 2006;
18: 843-855.
9. Wild, S.; Roglic, G.; Green, A.; Sicree, R. and King, H.
Global prevalence of diabetes. Estimates for year 2000
and projections for 2030. Diabetes Care 2004; 27:
1047-1053.
10. American Diabetes Association ADA, Report of the
expert committee on the diagnosis and classification of
diabetes mellitus. Diabetes care, 2003; 26: 5-20.
11. American Diabetes Association ADA, Diagnosis and
classification of diabetes mellitus. Diabetes Care 2008;
31, S55-S60
12. Ugochukwu, N.H.; Babady, N.E.; Cobourne, M. and
Gasset, S.R. The effect of Gangronemalatifolium
extracts on serum lipid profile and oxidative stress in
hepatocytes of diabetic rats. J. Biosci., 2003; 28(1), 15.

IJPCR, Volume 9, Issue 8: August 2017

Page 577

Amal et al. / Potential Role of…

13. Scoppola, A.; Montecchi, F.R.; Mezinger, G. and Lala,
A. (2001): Urinary mevalonate excretion rate in type 2
diabetes: role of metabolic control. Atherosclerosis,
2001; 156: 357-361.
14. Nawata, K.; Sohmiya, M.; Kawaguchi, M.; Nishiki, M.
and Kato, Y. Increasing resting metabolic rate in
patient's diabetic nephropathy. Metabolism, 2004; 53:
1395-1398.
15. Okwu, D.U.; Antai, A.B.; Udofia, K.H.; Obembe,
A.O.; Obasi, K.O. and Eteng, M.U. Vitamin C
improves basal metabolic rate and lipid Profile in
alloxan-induced diabetes mellitus in rats. J. Biosci.,
2006; 31(5), 575-570.
16. Unwin, N.; Sobngwi, E. and Alberti, K.G. (2001): Type
2 diabetes: the Challenge of preventing a global
epidemic. Diabetes Int., 2001; 11: 4-8.
17. Haitsma, A.J.; Wetzels, J.F. and Koene, R.A. Druginduced nephrotoxicity. Aetiology, clinical features
and management. Drug Saf.1991; 6:131–147.
18. Nooman, Z.M.; Khalil, M. and Nofeh, M. Behaviour
of hepatitis bantigen in bilharzias patients infected with
HBS positive viral hepatitis. Eg.J. Billh., 1997; 4:79.
19. Saleem, M. T. S.; Chetty, M. S.; Ramkanth, S.; Rajan,
V. S. T.; Kumar, M. K. and Gauthaman, K.
Hepatoprotective herbs a review,” International Journal
of Research in Pharmaceutical Sciences, 2010; 1(1): 1–
5.
20. APHA (American Public Health Association) standard
methods for the examination of water and wastewater,
20th ed., 1998; 1015.
21. Campbell, J.A. Methodology of protein Evaluation
RAG Nutr. Document R.10L Ed., 37. June Meeting
New York.1963.
22. Reeves , P. G. , Nielsen, F.H. & Fahey, G. C., AIN-93
purified diets for laboratory rodents: final report of the
American Institute Of Nutrition Ad Hoc Writing
Committee on the Reformulation of the AIN-76 A
rodent diet.'', J. Nutr.,1993; 123: 1939-1951.
23. Desai, S. and Bhide, D. ''Hypoglycemic effect of
hatitioniasuaveolens. India''. Y. Med., 1985; 81:86-91.
24. Farombi, E.O. and Ekor, M. Curcumin attenuates
gentamicin induced renal oxidative damage in rats.
Food ChemToxicol.2006; 44:1443–1448
25. Jayasekhar, P.; Mohanan, P.V. and Rahinam, K.
Hepatoprotective activity of ethyl acetate of acacia
catechu. Indian J. of pharmacology.1997; 29:426-428.
26. Trinder, P. Determination of serum glucose. Ann. Clin.
Biochem, 1969; 6: 24.
27. Zollner, N., and Kirsch, K., Enzymatic determination
of total serum lipids Z. ges. exp. Med. 1962; 135:545.
28. Allain, C.Z.; Poon, L.S. and Chan, C.S. Enzymatic
determination of total serum cholesterol. Clin. Chem,
1974.
29. Fossati, P.C. and Penciple, L. Enzymatic colorimetric
determination of total serum triglyceride. Clin. Chem.,
1982; 28: 470-475.
30. Lopez- Virella M.F.
Enzymatic colorimetric
determination of total serum high density lipoprotein.
Clin. Chem. 1977; 23:882.

31. Fried Wald, W.T.; Leve, R.I. and Fredrickson, D.S.
Estimation of the concentration of low density
lipoprotein separated by three different methods. Clin.
Chem., 1972; 18:499-502.
32. Wieland, H. and seide l, J. Enzymatic colorimetric
determination of total serum low density lipoprotein.
Lipid Res.1983; 24: 904.
33. Fawcett, J.K. and Scott, J.E Determination of serum
urea. J, Clin. Path.1960; 13:156-159.
34. Henry, R.J. Clinical chemist principles and Techics,
2nd Edition, Hagerstown (MD), Harper, Row, 1974;
882.
35. Reitman, A. and Frankel, S. Enzymatic colorimetric
determination of serum liver function. AmrJ.Clin.
path., 1957; 28:56.
36. Belfield, A. and Goldberg D.M.
Enzymatic
colorimetric
determination
of
serum
liver
function.1971; 12:561.
37. Walter, M. and Gerade H. Determined serum total
bilirubin. Microchem. J.1970; 15:231.
38. WHO (World Health Organization) . Guidelines for
Drinking-water Quality. World Health Organization,
Geneva.2011.
39. Abdullah A., Abd-Elsalam E., Abdullah B. And
Khaled A. Antioxidant effects of zamzam water in
normal rats and those under induced-oxidative stress.
Journal of Medicinal Plants Research 2012;
6(42):5507-5512.
40. Al-Zuhair, A., Al-Ghamdi, H. and Noorwali, M.
Analytical report of zamzam water during the ramadan
and hajj seasons 1425H. The Institute of the Custodian
of the Two Holy Mosques for Al Hajj Research Centre,
Om Al Qura University, Makkah.2005.
41. Hoobi, N.M. Dissolution of calcium Ion from human
enamel treated with zamzam water in comparison with
sodium fluoride dissolution of calcium ion from human
enamel treated.2011.:8 (2) 201.
42. Hussain, T. and Ahmed, M. ZamZam water: Scientific
research findings. Al-Islaah publications.2010.
43. Taiz, L. and Zeiger, E. (2006): Plant Physiology.
Benjamin, Cummings Publishing Company, Redwood,
California, USA. pp: 559.
44. Mutwally, H.M.A. and Al-Sayed, K.M.D. Biological
effects of polluted water pipes and water tanks
containers on Wister albino rat blood. A project funded
by SABEC, Saudi Arabia, 2002; 28-38.
45. Header, E.A. The effects of daily oral feeding of curry
and mustard on serum glucose, serum lipids and liver
and kidney functions in diabetic rats. 9th Scientific
Conference of Home Economics, Helwan University,
Egypt, 2006; (18-19 April).
46. Arrais, R.F. And Dib, S.A. The hypothalamopituitary-ovary axis and type 1 diabetes mellitus: a mini
review. Human Reproduction, 2006; 21(2): 327-337.
47. Ademiluyi, A.O.; Oboh, G.; Owoloye, T.R. and
Agbebi, O.J. Modulatory effects of dietary inclusion of
garlic (Allium sativum) on gentamycin-induced
hepatotoxicity and oxidative stress in rats. Asian Pac J
Trop Biomed 2013; 3(6): 470-475.

IJPCR, Volume 9, Issue 8: August 2017

Page 578

Amal et al. / Potential Role of…

48. Khan, R.A.; Khan, M.R. and Sahreen, S. CCl4-induced
hepatotoxicity: protective effect of rutin on p53,
CYP2E1 and the antioxidative status in rat. BMC
Complementary and Alternative Medicine, 2012;
12:178.
49. Wahba, H. M. A. (2004): Biological effect of some
legumes and fruits on hyperglycemic rats. M.Sc.
Thesis, Dept. of Nutrition and Food Science, Faculty of
Home Economics, Minufiya University, 2004: 99-105.
50. Adewole S. O., Salako A. A., Doherty O. W. And
Naicker, T.
Effect of melatonin on carbon
tetrachloride-induced kidney injury in Wister rats.
African Journal of Biomedical Research, 2007; 10: 153
– 164.
51. Bamosa A., Elnour A., Kaatabi H., Abdullah Al, M.
and Aleissa K. Zamzam water ameliorates oxidative
stress and reduces hemoglobinA1c in type 2 diabetic
patients. J Diabetes Metab 2013; 4: 249.
52. Bukhar, H. M.; ElSawy, N.A. and Header, E.A.
Biological effect of high energy drink on normal and
hyperglycemic rats. Pakistan Journal of Nutrition
.2012; 11 (4): 301-309.
53. Jin, D.; Ryu, S.H.; Kim, H.W.; Yang, E.J.; Lim, S.J.;
Ryang, Y.S.; Chung, C.H.; Park, S.K. and Lee K.J.
Anti-diabetic effect of alkaline-reduced water on
OLETF rats. Biosci. Biotechnol. Biochem.2006;
70:31-37.
54. Narayana K An aminoglycoside antibiotic gentamycin
induces oxidative stress, reduces antioxidant reserve
and impairs spermatogenesis in rats J. Toxicol.
Sci.2008; 33:85-96.
55. Kim MJ, Jung KH, Uhm YK, Leem KH, Kim HK
Preservative effect of electrolyzed reduced water on
pancreatic beta-cell mass in diabetic db/db mice. Biol
Pharm Bull 2007; 30: 234-236.
56. Manikandan R, Beuloja M, Thiagarajan R, Priyadarsini
A, Saravanan R, Arumugam M.. Ameliorative effects
of curcumin against renal injuries mediated by
inducible nitric oxide synthase and nuclear factor kappa
B. during gentamicin-induced toxicity in Wister rats.
Eur J Pharmacol.2011; 670:578–585.
57. Gowrisri, M.; Kotagiri, S.; Swamy, B.M. V.; Swamy P,
A. and Vishwanath, K.M.
Anti-oxidant and
nephroprotective activities of Cassia occidentalis leaf
extract against gentamicin induced nephrotoxicity in
Rats. Research Journal of Pharmaceutical, Biological
and Chemical Sciences RJPBCS, 2012; 3 (3).684.
58. Boschero AC and Delattre E. The mechanism of
gentamicin-inhibited insulin release by isolated islets.
Arch Int PharmacodynTher.1985; 273(1):167–176.
59. Farooq N, Priyamvada S, Khan F, Yusufi AN. Time
dependent effect of gentamicin on enzymes of
carbohydrates metabolism and terminal digestion in rat
intestine. Hum ExpToxicol.2007; 26(7):587–593.
60. Khan SA, Priyamvada S, Farooq N, Khan S, Khan
MW, Yusufi AN.. Protective effect of green tea extract
on gentamicin-induced nephrotoxicity and oxidative
damage in rat kidney. Pharmacol. Res.2009;
59(4):254–262.

61. Alhazza, I. M.; Ibrahim, S. A.; Bashandy, S. A. And
Alshehry, S. A. Protective effect of vitamin B6 against
carbon tetrachloride induced hepatotoxicity in male
rats: Effect on liver enzymes, glucose, total protein and
insulin hormone. Saudi Journal of Biological Sciences.
Saudi Arabia2008; 15 (3): IN ARABIC
62. Ozturk1, M.; Akdogan, M.; Keskin, I.; Kisioglu1,
A.N.; Oztas, S. and Yildiz, K.
Effect of
Silybummarianum on acute hepatic damage caused by
carbon tetrachloride in rats Biomedical Research 2012;
23 (2): 268-274
63. Ana Margarida, M. & Isabel, P., Lipid profile and
persistent lipid abnormalities in diabetic patients – a
retrospective
study
Revista
Portuguesa
de
Endocrinology, Diabetes Metabolism,2016; 11 (2):
197-201.
64. Chigozie, I.J. and Chidinma, I.C Hypoglycemic,
Hypoch-olesterolemic and ocular-protective effects of
an aqueous extract of the rhizomes of
sansevieriasenegambica Baker (Agaraceae) on alloxaninduced diabetic Wister rats. Am. J. Biochem. Mol.
Biol., 2012; 2:48-66.
65. Kannan, V. R.; Rajasekar, G.S.; Rajesh, P.;
Balasubrananian, V. and Ramesh, N. Antidiabetic
activity of ethanolic extracts of fruits of
terminaliachebula Retz. On alloxan- induced diabetic
rats. Am.J. Drug Discov. Dev.2012; 2: 135-142.
66. Tama, Y.L. and Sagiran. The effect of zamzam water
to the Lipid Profile (Hdl&Ldl) At White Mouse
(RattusNovergicus) DosenMahasiswa Program Studi
PendidikanDokter,
FakultasKedokteran
Dan
IlmuKesehatan,
Universita
Muhammadiyah
Yogyakarta. 2010.
67. Rashid, M.F.; Kaleem, S. and Bano, B. Comparative
effect of olive oil and fish oil supplementation in
combating gentamicin induced nephrotoxicity in rats.
Indian Journal of Clinical Biochemistry, 2005; 20
(1)109-114.
68. Giannini, E.G. Testa, R. and Savarino, V. Liver
enzyme alteration: a guide for clinicians. CMAJ,
2005; 172: 367-379.
69. Baldi, A. and Goyal, S. Hypoglycemic effect of
polyherbal formulation in alloxan induced diabetic rats.
Pharmacology, 2011; 3: 764-773.
70. Farokhi, F.; Farkhad, N.K..; Togmechi, A. And
Soltanib K. Preventive effects of Prangosferulacea (L.)
Lindle on liver damage of diabetic rats induced by
alloxan. Avicenna Journal of Phytomedicine 2011; 2
(2):63-71
71. Shi Y, Vanhoutte PM. Reactive oxygen-derived free
radicals are key to the endothelial dysfunction of
diabetes. J Diabetes. 2009; 1: 151-162.
72. Elmarakby A A, and Sullivan JC . Relationship
between oxidative stress and inflammatory cytokines in
diabetic nephropathy. Cardiovasc.Ther. 2012; 30: 4959.
73. Khan, M.R.I., Islam, M.A., Hossain, M.S.,
Asadujjaman, M., Wahed, M.I.I. and Rahman, B.M.
Antidiabetic effects of the different fractions of
ethanolic extracts of Ocimum sanctum in normal and

IJPCR, Volume 9, Issue 8: August 2017

Page 579

Amal et al. / Potential Role of…

alloxan induced diabetic rats. J Sci Res.2010b; 2(1):
158-168.
74. Randjelovic, P.; Veljkovic, S.; Stojiljkovic, N.;
Jankovic-Velickovic, L.; Sokolovic, D.; Stoiljkovic,
M. and Ilic, I. Salicylic acid attenuates gentamicininduced nephrotoxicity in rats. The Scientific World
Journal, 2012:1-6.
75. Huang, K.C.; Yang, C.C.; Lee, K.T. and Chien, C.T.
Reduced hemodialysis-induced oxidative stress in endstage renal disease patients by electrolyzed reduced
water. Kidney Int.2003; 64:704-714.
76. Johnson DE and Kroening C. Mechanism of early
carbon tetra chloride toxicity in cultured rat
hepatocytes. PharmacolToxicol. 1998; 83:231–239.
77. Cheng, H.L., Hu, Y.Y., Wang R.P., Liu, C., Liu, P. and
Zhu, D.Y. Protective actions of salvianolic acid on
hepatocyte injured by peroxidation in vitro. World J
Gastroenterol, 2000; 6:402–404.
78. Muriel P and Garcipiana T. (1992). Silymarin protects
against paracetamol-induced lipid peroxidation and
liver damage.
J. Appl. Toxicol., 12:439-442.
79. Abd-Elsalam E., Abdullah B., Abdullah Al, M. and
Khaled, A. Amelioration of severe carbon tetrachloride

toxicity by zamzam water in rats. J Nutr Food Sci.2013;
3: 197.
80. Saif A, Sarhan o.M., Elmogy M. and Mutwally H.
Hepatoprotective effects of zamzam water against
carbon tetrachloride induced liver damage in rats. Life
science Journal, 2014; 11(10):300-308.
81. Tsai, C.F., Hsu, Y.W., Chen, W.K., Chang, W.H. and
Yen, C.C. Hepatoprotective effect of electrolyzed
reduced water against carbon tetrachloride-induced
liver damage in mice. Food ChemToxicol.2009; 47:
2031-2036.
82. Ozturk, F.; Ucar, M.; Ozturk, I. C.; Vardi, N. and
Batcioglu K.
Carbon tetrachloride –induced
nephrotoxicity and protective effect of betaine in
Sprague-Dawley rats. Urology.2003; 62: 353-356.
83. Ogeturk M., Kus I., Colakoglu N., Zararsiz I., Ilhan N.
and Sarsilmaz M. Cafeic acid phenethyl ester protects
kidneys against carbon tetrachloride toxicity in rats. J
Ethnopharmacol.2005; 97: 273-280.
84. Rungby, J. and Ernst, E. Experimentally induced lipid
peroxidation after exposure to chromium, mercury or
silver: interactions with carbon tetrachloride.
PharmacolToxicol.1992; 70(3): 205-207.

IJPCR, Volume 9, Issue 8: August 2017

Page 580

